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Foreword 
Dear colleagues, dear PhD Students  

 

The future of buildings and materials is currently based on the increasing use of sustainable and 

ecological materials. Improving thermal insulation, reducing the carbon footprint, optimizing the energy 

performance of a building… have related objectives and are based on the choice of used materials from 

the design phase to construction and stability of structures.  

 

Building Science, including Materials Science focusing on building and construction technologies, aims to 
meet the needs of sustainable development.  These interdisciplinary approaches must become more 
innovative.  Research on binders provides new environmentally-friendly opportunities that also 
accommodate human needs. 

 

CMSS congress will provide an incoming opportunity to discuss and share recent advances in both 

research and practice about the important various fields of engineering and applied science of materials 

and structures, aspects of innovation in civil engineering and building materials. Lectures, keynotes, oral 

and poster communications, cover a wide variety of topics from major materials and diagnostics to civil 

engineering, building and structures. 

 

The first and second editions of the CMSS congress, held in Rabat in 2013 (CMSS13) and 2017 (CMSS17) 

experienced a great success with the presence in each edition, of more than 400 participants from over 30 

countries. This edition (CMSS21), organized under the main theme “Friendly Sustainable and Energy 

Efficient Materials & Constructions” has been programmed on HYBRID online/onsite model, given to the 

pandemic circumstances of Covid 19. Organizers are actively monitoring the situation to ensure safety, 

comfort and quality of experience for attendees and a successful course of the event. 

The conference attracted more than 350 people a wide range of academics, scientists, researchers, 

students and industrialists from a wide variety of backgrounds, including fields of engineering, materials, 

sustainable, architecture, and ecological technologies, biomaterials, materials sciences and 

environmental engineering and others. 250 communications were accepted including more than 120 

papers which will be published by the editor Elsevier in the journal "Materials Today Proceedings". We 

also received more than 100 Posters in digital format, which are distributed on screens throughout the 

duration of the event.  
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Sustainability Assessment of Concrete Blended Cementitious Binders 

Ravindra Gettu, Indian Institute of Technology Madras, Chennai, India 
gettu@iitm.ac.in 

 

The high-volume usage of supplementary cementitious materials (SCMs) for providing blended 
cementitious binders for concrete has gained importance in the construction sector, and is 
extending to all types of applications of concrete. The initial interest of the industry in such 
materials was mainly to decrease the cost of cement or concrete, and to increase the strength. 
However, the emphasis is now shifting to employing SCMs to increase durability and enhance 
the sustainability of concrete technology. The presentation will cover the advantages of concretes 
with SCMs over those with only ordinary Portland cement, parameters that can be used to 
compare durability and sustainability potential and some limitations that have to be addressed 
when SCMs are incorporated in concrete. The SCMs considered will include fly ash, ground 
granulated blast furnace slag and a combination of limestone calcined clay. The benefits and 
limitations in terms of fresh concrete (workability, flow retention, plastic shrinkage), mechanical 
properties (strength and its evolution, modulus of elasticity), durability parameters (chloride 
ingress, carbonation), creep and shrinkage will be discussed. It is found that some aspects such 
as compressive strength, and creep and shrinkage of concretes with blended binders are similar 
to those of conventional concretes, implying that existing codes and procedures can be used for 
these types of concrete. Many aspects are better than the usual concretes, notably the resistance 
to chloride ingress, which improves tremendously as the clinker is reduced and replaced by 
SCMs, due to the enhanced resistivity, reduction of chloride permeability and porosity. This 
indicates that the service life of structures prone to degradation through the corrosion of steel 
reinforcement can be increased significantly by using these blended binders. There are other 
aspects where the response is not desirable, which will require mitigation or adaptation of the 
concrete mix or the structure. These aspects include the lower slump and its retention, which 
could increase the superplasticizer demand in some cases; the plastic shrinkage cracking, which 
can be higher and occur earlier if curing is delayed or inadequate, and may need mitigation 
measures such as the incorporation of polypropylene fibers or shrinkage reducing admixtures; 
and carbonation, the rate of which increases with the reduction of the Portland cement clinker 
content in the binder, requiring a reduction of water-cement ratio or the application of an anti-
carbonation coating. Sustainability assessment is explained on the basis of the analysis of the 
carbon footprint and energy demand of concrete. The data for the analysis is obtained from ab 
initio life cycle inventory obtained directly from plants, which is the necessary for most emerging 
economies for which databases are not readily available. These parameters are combined with 
durability and strength to provide a framework for the assessment, using two indices 
determined from material characterization and the life cycle assessment data. The framework 
can be used to choose concrete mixes that are most sustainable without sacrificing the 
mechanical integrity. The advantages of concretes with blended binders are shown through 
illustrations with a wide range of concretes. 
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Calcined Clay / LC3 breakthrough technology to reduce CO2 emissions from 
cementitious materials 

Karen Scrivener, École polytechnique fédérale de Lausanne, Switzerland 

karen.scrivener@epfl.ch 

 

Kaolinitic clay when heated (calcined) at around 800°C become very reactive pozzolans.  Such 
clays are extremely abundant worldwide and present an opportunity to go far beyond the limits 
of clinker substitution by slag and fly ash. Particularly interesting is the synergistic reaction 
between clay and limestone which forms durable space filling hydrates. 
 
For clays with more than 40% kaolin similar properties to OPC can be obtained after a few days.  
Some properties, like resistance to chloride penetration and alkali silica reaction are 
dramatically improved.  In this presentation I will explain the technology of LC3: limestone 
calcined clay cements and show examples of their application. 

 

 

Natural fibres in building: performances and durability 

Mohammed Sonebi, Queen's University Belfast, United Kingdom 
 

m.sonebi@qub.ac.uk 
 
 

Construction remains a significant consumer of raw materials, specifically non-renewable 
resources derived from the extractive industries. In addition, construction is a significant 
contributor to the emission of global warming gases, both through its dependence on the 
extractive industries, and it’s consumption of energy during and after construction.  Natural 
fibres have gained interest as reinforcing materials in the composite industry for low-cost 
housing applications.  Their advantages have been increasingly recognized with the major 
motivation being the environmental friendliness, low cost, renewability, and high specific 
strength and stiffness. The natural fibres can be sourced from plants or animals.  From part of 
the plant where the fibres are sourced, the fibres can be classified into bast fibres (okra, flax, 
hemp, roselle, jute, kudzu, ramie), leaf fibres (agave, banana, palm, sisal, and pineapple), seed 
fibres (cotton, coir and kapok), core fibres (hemp, kenaf, jute), grass and reed (wheat, corn and 
rice), and other types of fibres. Fibres from animals are for example wool (Sheep) and feathers 
have been used.  Traditionally, especially in rural developing countries, natural fibres have been 
cultivated and used extensively for non-structural applications such as multipurpose rope, bag, 
broom, fish net and filters. The fibres have also been used for applications in housing as roof 
material and wall insulation.  Natural fibre used for insulation can often be used as replacements 
for mineral- or petrochemical-based insulation.  When used appropriately, natural fibre 
insulation materials can deliver thermal and acoustic insulation comparable to other insulation 
materials (polymer/petrol based), but with a lower or potentially negative carbon footprint and 
fewer health issues during installation. They can also assist in regulating relative humidity, and 
can provide a vapour permeable system. This multi-functionality should be borne in mind when 
specifying natural fibre insulations in order to ensure maximum value and benefits.  A large 
variation is found in the properties of natural fibres. The properties are affected by several 
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factors such as type of fibres, moisture content and form of fibres. Moreover, the properties are 
also affected by the place where the fibres are grown, cultivation condition, the part of the plant 
they are harvested from which region/country, growing period (year) and retting or extracting 
process.  The mechanical performance, conductivity, durability (weathering and carbonation) of 
bio-based building materials made with hemp and rapeseed used will be presented in this 
keynote. 
 

 
NORM (Naturally Ocurring Radioactive Materials) wastes in the preparation of 

cements and concretes 

Francisca Puertas, Eduardo Torroja Institute for Construction Sciences, Madrid, Spain 

puertasf@ietcc.csic.es 
 

Reaching a more sustainable construction implies less consumption of energy, water and natural 
resources and also that ways are sought to recycle, recover and reuse the different wastes in the 
preparation of building materials. These actions are directly included in the UN Sustainable 
Objectives (OS) of the 2030 AGENDA and in the policies established by the EU related to the 
Circular Economy, in the that seeks to turn waste into profitable and usable resources.  
 
Much of theses wastes used to manufacture cement and concrete is drawn from NORM 
(Naturally Ocurring Radioactive Materials) industries. This waste can be valorised both as 
mineral additions to partially replace clinker in portland cement manufacture and as additions 
and aggregate in mortars and concretes. NORM waste is of particular significance in the 
preparation of alkaline cements or geopolymers, where it is the main binder in the resulting 
cement and concrete. The effect of such waste must be established not only in connection with the 
characteristics and properties of the end construction products but also with possible emissions 
attributable to its natural radioactivity and their interaction with the environment.  
 
The ultimate aim is to obtain construction materials (essentially cement, mortar and concrete) 
with the highest possible proportion of waste, excellent chemical, physical and mechanical 
properties and optimal durability. At the same time, the use of such by-products should not alter 
industrial processes, generate new waste or interact adversely with the environment or with 
people. 

 

 

Use of recycled aggregates in concrete: Materials and Structural Aspects 

Romildo Dias Toledo Filho, University Rio de Janeiro, Brasil 
 

rdtoledofilho@gmail.com 
 

In the last decades, the increasing global demand for natural resources and the extensive 
production of construction and demolition waste (CDW) raise concerns for both the economic 
and environmental consequences that they can induce. Specifically, the use of Recycled Concrete 
Aggregate (RCA), derived from waste concrete, for the production of Recycled Aggregate 

Rabat, Morocco, 24-26 November 2021
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Concrete (RAC) has been widely investigated in the scientific community. Although Recycled 
Concrete Aggregates represent a potential sustainable solution for the structural concrete 
production, their heterogeneous composition is a feature that still prevents their large-scale use 
in the construction industry all around the world. In this presentation it will demonstrated that 
the amount of attached mortar (AM) represents the key parameter characterizing RCAs and how 
this parameter should be considered in the mix design of normal and high strength RACs. In 
addition, it will also be discussed the effect of the AM content on the rheological, mechanical and 
durability performance of RACs after exposure to wet-drying and freeze-thaw cycles. The tension 
stiffening behavior of normal and high strength class concretes produced with Recycled Concrete 
Aggregates (RCAs) will also be addressed. Structural durability will be discussed by analyzing 
tension stiffening performance, crack propagation and steel-RAC bond behaviour after exposing 
the reinforced elements to freeze-thaw and wet-dry cycles. 

 

 

Innovation in Cements: Can We Meet Future Construction Needs Sustainably 

John Provis, University of Sheffield, United Kingdom 
 

j.provis@sheffield.ac.uk 
 

In the past decade, there has been an enormous growth in the number of published studies and 
research initiatives focused on alternative cements, often accompanied by claims related to 
sustainability, including in particular low-carbon and even “zero-carbon” cement technologies. 
Some of this growth in the technical literature has been accompanied by higher technology-
readiness-level scale-up work, including commercialization, larger-scale trials, and even 
deployment in the field. However, this is not uniformly true, and there are numerous cement 
types and blends – including some that seem to be very promising from environmental and/or 
technical viewpoints – that have not yet reached full-scale production or acceptance at industrial 
(or regulatory) levels. This presentation will explore some key factors that need to be considered 
in detail when discussing and planning a sustainable future for the cementitious materials 
sector. Particular focus will be placed on alkali-activated materials as a case study here, because 
this is one of the most advanced classes of alternative cements and offers a lot of possibilities for 
commercial and wider-scale use in many parts of the world, to benefit both society and the 
environment. 
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Intelligent and Sustainable Infrastructure through SHM 

Su Taylor, Queen's University Belfast, United Kingdom 

s.e.taylor@qub.ac.uk 
 

Much of the world’s civil engineering infrastructure is well beyond its original intended design 
life. Additionally, escalating traffic loads/frequency, increasing occurrences of extreme climate 
events, and, in many countries, underinvestment has led to accelerated deterioration of bridges 
in our road and rail transport networks. Accurate Inspection and diagnosis of bridge condition 
is significant consideration for government due to the economic and environmental impact when 
a bridge is out of action. In the worst case scenario, a bridge collapse can also cause major 
disruption to services such as electricity, water and communication which is carried across a 
bridge.  Hence, early detection of structural damage can facilitate informed decision making for 
strategic repair and reduce maintenance costs in increasingly stretched infrastructure budgets. 
Structural Health Monitoring (SHM) systems provide a means of objectively capturing and 
quantifying change, which may be indicative of deterioration and damage, under operational 
conditions. The information proved through SHM can assure safety and be used for informed 
decision making by bridge owners. They also have the ability to detect hidden defects by 
quantifying a change in the behaviour of a bridge.  Within the range of SHM, computer vision 
technology has recently gained attention in the field of SHM due to its ability to obtain accurate 
displacement measurements using non-contact methods at long distances. Computer vision also 
has the advantage of being a relatively low cost, rapid installation solution with low interference 
to the normal operation of structures. However, even the case of a medium span bridge the need 
for many cameras to capture the global response can be cost prohibitive. The research presents a 
roving camera technique to capture a complete derivation of the response of a laboratory model 
bridge under live loading and to identify bridge damage. Displacement is identified as a suitable 
damage indicator and two methods were used to assess the magnitude of change in global 
displacement under changing boundary conditions in the laboratory bridge model. Also 
presented is the use of Infra Red Thermal camera to detect hidden defects in concrete bridges 
Vision techniqiues can also be used to detect scour at bridge foundations  and a stereo vision-
based method developed in Queen’s University Belfast is  detailed in combination with a 
laboratory trial to validate the developed concept in addition to verification of validation 
methods.   
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Alternative binders to Portland cements: funny toys for researchers or weapons of 
mass construction? 

Martin Cyr, Université de Toulouse, France 
 

martin.cyr@insa-toulouse.fr 

 
Ordinary Portland cement (OPC) is used for more than a century all over the world. It is easy to 
manufacture almost everywhere, it remains quite cheap compared to some other construction 
materials, it presents a fair robustness in terms of properties for several applications in different 
conditions (low temperature, under water…), and it is relatively well known, although there are 
still several aspects of their behavior that remain to be understood. Nevertheless, there are some 
situations where OPC is not the perfect material for construction applications, for instance: 

- Economy: sometimes OPC are more expensive than other possible solutions; 
- Technology: OPC cannot be used successfully everywhere and for all applications; 
- Environment: OPC is responsible of huge amounts of CO2 production. 

This is where alternative binders could be useful, on one or many of these situations. A wide 
range of alternative binders actually exists and this presentation aims at giving a few examples 
of their possible use at a semi-industrial or industrial scale. The main alternative binders treated 
here include alkali-activated materials (AAM), supersulfated cements (SSC) and other binders 
such as ettringitic cements. This presentation will try to give a few elements of answers to these 
questions: Do we have the sufficient knowledge to use them securely? Can they be used at large 
scale or just confined to niche applications? Is there any drawbacks that could limit their use?. 

 

 

Silanes in the concrete industry 

María Teresa Blanco Varela, Eduardo Torroja Institute for Construction Sciences, Madrid, Spain 

blancomt@ietcc.csic.es 
 

Portland cement (PC) concrete is the most widely used material in construction due to its well-
known technology, the geographical availability of the raw materials used for OPC manufacture, 
its excellent technological properties and finally its competitive price. PC concrete can be 
considered as an artificial stone, where the cement paste binds the aggregates forming a 
dimensional stable product, with excellent mechanical strength performance and good 
durability. However, this systems has not achieved the thermodynamic equilibrium, and can 
interact with the environment suffering deterioration.  Among the different features that 
determine concrete durability, we can highlight its porosity and its permeability (to gas and 
water). Concrete porosity is very different from natural stones usually employed as construction 
materials, not only because its pore volume but also due to its pore size distribution. Porosity and 
permeability of concrete will highly affect the mechanical strenghts, the volume stability and its 
resistance to challenging weathering conditions (Freeze-Thaw, extreme temperatures…), 
chemical attacks ( leaching, salt environments, sulphates, alkali-silica reaction…), which would 
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induce an increase in the concrete porosity and permeability, as well as the appearance of cracks 
and microcracks.  One possible solution to try to increase its service life is a reduction of both 
properties.   The ingress of water and other aggressive agents in the concrete through its pore 
system, will weak the material compromising its stability and durability. There are several 
technologies to try to avoid the water ingress, such as surface treatments, that would avoid the 
water and other aggressive agents penetration, or the use of admixtures, that will be 
incorporated in mass into the fresh concrete, that will provide the concrete specific properties 
and performance.  The use of alkosysilanes, to improve or modify certain properties of PC 
mortars and concretes, is lately a common practice. Alkosysilanes, applied on the concrete 
surface, penetrate into the  concrete (through its pore system and microcracks) developing a 
consolidant effect. Its penetration depth will be dependent on the sol characteristics (i.e Viscosity, 
gelation time…), but also on the characteristics of the concrete substrate (porosity, 
minerology…). Alkosysilanes undergoes hydrolysis to produce Si-OH groups, which after a 
condensation reaction can precipitate into  a silica gel, filling the small concrete pores. However 
these Si-OH groups can also interact with the portlandite (secondary PC hydrated product) 
forming a CSH, or even with the CSH coming from the PC hydration, modifying its structure 
(increasing it medium length chain). The superficial treatment of concrete with alkyl-
alkosysilanes provides a hydrophobic or super hydrophobic effect. Silanes, added into mortar or 
concretes during its mixture also modify its properties during its fresh state, the kinetics of 
reaction, the porosity, the hydric properties, the mechanical strenghts…etc. This paper presents 
an overview of the use of silanes in concrete and the development of hydrophobic repair mortars 
or concretes, using silanes as admixtures during the mixing process. 

 

 
 

Processing of earth-based materials: from vernacular construction to 3D-printing 

Arnaud Perrot, Université de Bretagne Sud, France 
 

arnaud.perrot@univ-ubs.fr  
 

Earth-based materials are currently receiving much attention as sustainable and local 
construction materials with sufficient mechanical strength for affordable solutions worldwide. 
However, contrarily to concrete and cement-based materials, only few studies deal with the 
rheological behavior of such materials and its link with processing route. It is worth noting that 
there is a broad range of processing routes for earth-based materials which imposes different 
rheological or consistency requirements for the earth materials. Depending on its nature and on 
the water content, earth materials can be granular-like, pasty or fluid-like materials making the 
material more adapted to specific processing routes than others.  It is here shown that in 
vernacular construction techniques, the earth nature and achievable consistencies have imposed 
the processing routes and influenced the material hardened or service life properties. Inspired by 
these observations, it is now required to adapt the material “fresh” properties to the processing 
methods (or the contrary) in order to obtain the best of the materials in terms of mechanical and 
service life properties. To reach this goal, concepts taken from concrete mix design and 
processing as well as geotechnical and rheological characterization tools can be used and 



21

CMSS 2021: International Congress on Materials & Structural Stability 
Eco-Friendly Sustainable and Energy Efficient Materials & Constructions 

 

Rabat, Morocco, 24-26 November 2021 
 

beneficially applied to earth construction. For example, using admixtures can be a solution in 
order to design and cast earth-like concrete or to meet rheological requirements for 3D printing 
methods. The presentation aims to provide an overview on earth construction methods with 
materials specifications and rheological requirements. Finally, the effects of different admixtures 
on earth processing are also presented with an emphasis put on bio-based solutions. 

 

 

Innovative insulation panels from waste as row material for building applications 
in a circular economy perspective 

Cinzia Buratti, Department of Engineering, University of Perugi, Italy 
 

 cinzia.buratti@unipg.it 
 

In building applications, the use of recycled waste materials from industrial and agricultural 
processes is becoming a promising solution in order to reduce the environmental impact. The 
aim is to fabricate panels with good thermo-acoustic properties able to limit heat losses and to 
reduce energy consumption in a circular economy perspective. In this scenario, recycled waste 
panels consisting of rice husk, cork scraps, end-life tires, coffee chaff, waste paper, textile fiber 
mats, and wool fiber scraps were produced by gluing and pressing the raw material. Thermal 
performance of rice husk non-conventional material never used for building application industry 
is in the same order of magnitude of many traditional insulating systems, such as cork scraps 
panels; other panels made of waste paper are characterized by very low values of thermal 
conductivity. Glued rice husk is characterized by higher sound absorption coefficient values than 
loose material. However, the best absorption coefficient trend is obtained for wool scraps and 
waste paper panels. Considering the production process, the best environmental performance 
was obtained for rice husk and coffee chaff panels, due to the neglecting impacts of their reuse as 
coproducts of other chains. 
 
The possibility to reuse finished leather scraps, produced by the leather goods industry during 
the cutting phase, allowed to fabricate innovative panels for thermal-noise building insulation. 
They were prepared by chipping the leather cuttings, using polyvinylacetate binder, and 
pressing the paste in a mold through a mechanical press. Results revealed that the leather cutting 
waste panels are characterized by interesting thermal and acoustic performance, which are of 
the same order of magnitude of other residual-based insulation panels. 
 
The reuse of several high quality wood scraps deriving from the production process of a window 
company is crucial in order to reduce the environmental impact through the use of secondary 
raw materials @km 0. Eco-sustainable panels with different types of tree species and vinyl and 
flour glues were assembled by manually and hot press assembling techniques. Further samples 
were manually fabricated with the scraps of the olive tree pruning. All the panels present 
thermal and acoustic performance comparable with the similar ones available in the literature 
or with commercial solutions, but with low environmental impact.  
 

All the proposed panels made using industry and agriculture waste are good alternatives to 
traditional materials used in building sector for thermal and noise insulation. However, the 
added value of the recycled materials solutions is their lower environmental impact with respect 
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to conventional ones and the advantage to use waste which often need to be disposed with high 
costs. These studies also have the aim to raise awareness and to promote new company 
approach in a circular economy perspective. The recycling processes are the primary decisive 
action that will allow the reduction in the waste volume and will make available secondary row 
materials, avoiding the extraction of new resources. 

 

 

Cold-formed steel structures in New Zealand 

James lim, University of Auckland, New Zealand 
 

james.lim@auckland.ac.nz 
 

Cold-formed steel is one of the most vibrant and exciting developments in steel construction, with 

New Zealand and Australia being amongst the world leading countries in this form of 

construction. Cold-formed steel is used in New Zealand for portal frame structures, houses and 

medium rise buildings. The design of cold-formed steel is completely different than hot-rolled 

steel due to thin section thicknesses and the associated need to consider buckling behaviour. This 

lecture will show examples of some of the experimental testing that has been undertaken in New 

Zealand to develop cold-formed steel products for the local industry. It will also show examples 

of full-scale testing in New Zealand and overseas, particularly seismic and fire, to demonstrate 

the robustness of this form of construction. Development of design guidance will also be 

presented. 

 

 
 

The energy transition and resilience in efficient and sustainable buildings 

Consiglia  Mocerino, Sapienza University of Rome, Italy 
l.mocerino12@gmail.com 

 
The new building process has highlighted a significant development of the roles and skills of 
operators, highlighting an integrated and sustainable management model in which the 
involvement of small and medium-sized enterprises also contributes, especially through a 
primary role, to the improvement of competitiveness and productivity in construction with 
relative energy efficiency. Through the sustainable evolution of technological design in building 
from scratch, as for energy/environmental redevelopment interventions on buildings, with 
retrocommissioning, commissioning and energy audit, the energy transition and resilience 
determine control objectives for building and environmental quality, with efficient and 
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intelligent architectures and infrastructures of highways, urban and extra-urban roads, bridges, 
viaducts, railway networks, etc. Therefore the development of sustainable resilient building 
capable of contextualising and responding to climate change and environmental degradation 
with objectives of reducing greenhouse gases to 55%, by 2030 and zero emissions by 2050, since 
the building sector, highly energy-intensive, represents, for final energy consumption, 40% in the 
EU27 and 36% worldwide with 38% related CO2 emissions, by Global Status Report for 
Buildings and Construction 2020, introducing the Buildings Climate Tracker (BCT) a monitoring 
index for decarbonisation. The construction sector indicates, in the world, 1/3 of drinking water 
consumption with 50% of raw material extractions indicated at COP25 in 2019. Therefore Genius 
Loci for the conscious use and enhancement of available and renewable resources for 
construction and infrastructure, non-polluting and non-impacting in order to combat climate 
change, globally, in compliance with world and European regulations and especially of the 
Kyoto Protocol, COP 21 and others. The methodologies indicate emerging solutions for efficient 
and resilient construction with high demands/performance requirements, through the 
application of new clean, energy and digital construction technologies that dominate above all in 
the IT, ICT, artificial and predictive intelligence sectors , with automated systems and robotics, 
etc. This is achieved according to the double aspect of a radical production system, capable of 
reducing costs, increasing productivity and efficiency, which an incremental production system 
by improving the process itself, mainly with the use of of intelligent and advanced construction 
technologies, biocompatible and energy efficient. Most of these are related to quality 
certifications such as Leed, DGNB, Edge, GBC, Breeam, Passivehouse and others. Also resilience 
with the adoption of Lean Planning, and highlighting in urban planning especially the zoning of 
risk, Lean Construction Management with robots for safety on construction sites and time 
reduction, BIM, Digital Manufacturing, use of Building Energy Modelling (BEM)and Life-Cycle-
Assessment (LCA), standards of new construction technologies that indicate the performance of 
structural stability and ISO performance. Integrated building-plant design criteria for energy 
transition and resilience with on-site prefabrication systems, durable and dynamic structural 
and technological systems that contrasts wind and seismic action, integrated with eco-
compatible design choices, efficient design solutions for heat-resistant buildings with use of bio-
composite and natural materials, bio-inspired systems, nanotechnologies, innovative 
components, etc. In addition, building-plant integration for efficiency, based on sustainability 
criteria and respecting the environment, with political strategies and investments with high-
performance passive plant systems for the conscious use of rainwater, with energy technologies 
from renewable sources, wind, geothermal, with PV systems and hybrid PV/solar concept, in 
passive solar control, energy-saving building envelopes, with energy communities to produce, 
store, share their own energy.  Among the widespread global strategies of environmental 
cooperation for the energy transition and sustainability with resilience, in North Africa, in 
Morocco, the energy efficiency of the Ibn Rochd University Hospital in Casablanca, stands out, 
with an accumulation capacity of about 55,800 liters of sanitary water, which serves 41 users, 
through the installation of solar collectors, on an area of 772 m² . Works completed in 2018 on 
initiatives promoted by AMEE, with MATTM/POLIMI team for the testing, supervision and 
technical specifications of the tender notice. As well as the SUNIMPLANT pilot project, with the 
construction of a house of about 90 square meters, with hemp and solar panels, as part of the 
recent "Solar Decathlon" in Ben Guerir, Morocco, in 2019. Therefore the challenge is the 
innovation of the construction process and product with a view to sustainability, for the 
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industrialization in construction and the digitization of efficient and resilient building models, 
with the use of high-performance energy technologies from renewable sources with qualitative 
components and bio-composite and natural materials. 

 
 

Circular materials and value chains for sustainable, inclusive, and resilient urban 
developments in Africa 

Schmidt Wolfram, Federal Institute for Materials Research and Testing, Berlin, Germany 

wolfram.schmidt@bam.de 

 

In this century, along with climate changes, urbanisation is one of the most critical challenges 
humanity faces. For Africa this challenge is even more pressing than for most other regions in 
the world. According to the Global Cities Institute, by the end of the 21th century 13 of the largest 
20 cities in the world are expected to be in Africa. In 2050 the number of 5-Million-inhabitant 
cities will rise up by a factor of 6 from today. It is inevitable that the expected growth is created 
as sustainable and resource saving as possible. However, urban growth will require enormous 
amounts and movements of construction materials, which in return will coin economic 
developments on the one hand along with ecologic impact on the other hand. Sustainability in the 
context of urbanisation goes far beyond economic and climatic aspects. The rapid migration to 
urban regions, often linked to lack of livelihoods and inaccessibility of health services, poses new 
challenges such as inequalities, discrimination, social unrest and crime. Furthermore, it puts 
additional pressure on educational, health, sanitation and supply systems, and it increases 
environmental pollution. Therefore, environmental challenges of urban growth in Africa are 
intimately linked to fundamental socio-economic aspects. 

While the African continent faces multi-facetted challenges that come along with urbanisation, at 
the same time African urban growth perspectives offer a unique opportunity to develop yet 
unexperienced sustainability potentials. Local material solutions can create livelihoods, the 
availability of space and resources offers opportunities to create socio-economically responsive 
urban regions that can be future-oriented without losing tradition and cultural heritage. The 
absence of historically grown regulative frameworks for construction materials and technologies 
offers potentials for leapfrog innovation in terms of materials and construction technologies. 

The presentation introduces the unbalance between rural and urban development in many parts 
of Africa, and proposes materials technologies that can help enhancing livelihoods in rural areas 
in synergy with the rapid urban growth. Some technologies and value chains are introduced and 
critically discussed. Eventually, a case study of cassava waste usage in Nigeria is presented, 
followed by a conclusion on overcoming certain biases to replace old-fashioned techniques for 
future-oriented sustainable technologies. 
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Recycling of mine wastes as raw materials in the construction sector: towards a 
smart circular economy 

Rachid Hakkou, Université Cadi Ayyad, Marrakech, Morocco 
r.hakkou@uca.ac.ma  

 

Non-polluting mine wastes (Tailings and waste rock) must be regarded as an opportunity to 
create new value. The reuse of these wastes, depending on their chemical, mineralogical and 
geotechnical properties, as alternative raw material in construction and building materials field 
constitutes a promising environmental solution. The main objective of our studies in Morocco 
was to investigate the feasibility of using non-polluting mine wastes to produce materials 
especially for the construction sector, such as using waste as cementing materials, as additives in 
mortars or concrete, or as raw materials for bricks, ceramics and geopolymers or aggregates for 
roads construction. Laboratory and pilot scale investigations demonstrated that recycling mine 
wastes from may be feasible. The presentation will be focused mainly on the valorization of 
phosphate waste rock an alternative aggregate in the construction sector (Fig. 1). In addition, 
Jerada coal mine wastes recycling for coal recovery and eco-friendly bricks production will be 
addressed. 

 

 

 

Fig. 1.  Ongoing research on valorization of phosphate waste rock as alternative aggregates 
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Assessment of excavated earth hemp mortars for repairing structures 

Elhem Ghorbel, University Cergy-Pointoise, France 
 

elhem.ghorbel@cyu.fr 
 
 

The future of the urban city lies underground. However, what to do with the m3 of excavated 
material generated by the excavation? Their valorization is a technical and environmental 
challenge. The target of this research is to offer alternative solutions in a circular economy 
approach. A hemp mortar from excavated earth aims to recover 100% of the excavated earth, 
considering its chemical and geometric variability. The addition of short hemp fibers and 
stabilizers intends to design a thermally efficient and sustainable mortar for repairing uses.  

We establish, using FTIR and X-ray diffraction analysis, that the excavated earth is mainly 
composed of dolomite, calcite, quartz and clay. The particle size distribution shows that the 
excavated earth is mainly constituted by fine particles (<63µm), sand a and water. Hence, all the 
formulations are elaborated with a water/solid ratio constant as this parameter plays a 
fundamental role in the mechanical resistance of mortars. 

Different stabilizers are incorporated at the ratio of 5% by excavated earth mass: cement, slag 
and hydraulic lime. It appears that cement allows the better stabilized effects. The addition of 
hemp (5% by the mass of the excavated earth) enhances the mechanical resistances and reduces 
the water capillarity absorption coefficient, the thermal conductivity and shrinkage. 

The bond performance between substrate concrete and excavated earth hemp mortars is 
evaluated using Direct pull-off tests. The obtained results show that excavated earth mortars can 
be used for the rehabilitation and repair of concrete structures in building field given their low 
thermal conductivity and good bond strength. In addition, such mortar is environmentally 
friendly building material providing thermally efficient repair of damaged concrete structures.  

 

 
 

Towards massive use of biomass in construction building industry 

Sofiane Amziane, Université Clermont Auvergne, France 

sofiane.amziane@uca.fr 
 

In less than 10 years, the construction of houses in the world using plant based materials has 
exited the field of a limited use by a few environmentalists and emerged as a valuable concept for 
healthy, ecological and comfortable habitat (moisture management, thermics and acoustics). The 
introduction of a high concentration of bio-aggregate-building material in the construction 
design is the fundamental principle of this concept. The use of crushed hemp (shiv), flax and other 
plants associated to mineral binder represents the most popular solution adopted in the 
beginning of this revolution in building materials. 
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Global warming, energy savings, and life cycle analysis issues are factors that have contributed 
to the rapid expansion of plant-based materials for buildings, which can be qualified as 
environmental-friendly and efficient multifunctional materials. 

Concerning energy savings, COP 21 requires that from 2020 on, all new buildings meet the 
positive energy criteria in many countries. This improvement of energy performance of buildings 
induces modifications in the distribution of environmental impacts, and places the manufacture 
of the building materials as the most important phase when the energy consumption decreases 
from 200 to 15 kWh/m²/yr. So, to reduce these impacts, it makes sense to go on moving towards 
plant-based materials, whose impacts are very limited, and can even be positive on the 
environment. 

The key note will shows the last achievement in the field of bio based building materials at the 
different scales of use. 

 

 
 

Effect of Slag Coal Ash and Foamed Glass on the Properties of an Ecofriendly Two-
stage concrete 

Hakim S. Abdelgader, Faculty of Engineering University of Tripoli, Libya 
 

hakimsa@poczta.onet.pl 
 

Two-stage concrete TSC), also recognized as, preplaced aggregate concrete, is a novel sort of 
concrete made with an unconventional method contrary from traditional concrete. In the 
traditional concrete, whole constituents are usually mixed before pouring in the formwork. In 
return, the coarse aggregate of the TSC is initially preplaced into the molds, and grout that is to 
be injected into the formwork. In TSC concrete technology, grout is a dense cementitious-based 
material, consists of water, cement, sand and chemical decelerators; used to fill the voids 
between the particles of coarse aggregate and blend them together into a single composite unit. 
This leads to reduce up to half of the volume of cement paste; hence, the reduction of cement 
consumption contributes to lessen the emissions of greenhouse gas. Also, the vibration and 
compaction are not required to attain a dense structure and monolithic, thus reducing both the 
production and manpower costs. Reportedly, TSC has been widely used in many applications, 
comprising underwater construction, mass concrete structures, for example, tunnels with low 
shrinkage, dams with low hydration heat, and heavy-concrete structures such as radiation 
shielding structures and nuclear power plants. The issue of segregation triggered by lightweight 
coarse aggregates and heavyweight can also be resolved using the development techniques of 
TSC. The effect of slag coal ash and foamed glass on the properties of two-stage eco-efficient 
concrete composites has rarely been reported. Thus, the development of an eco-efficient alkali-
activated grout for two-stage concrete is a new research topic that has no robust results to draw 
solid conclusions and it should blaze the track towards a cleaner production of building 
materials with outstanding sustainability. 
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Multiscale design of eco-compatible alternative cement systems 

Arezki Tagnit Hamou Sherbrooke University, Canada 
 

Arezki.Tagnit-Hamou@usherbrooke.ca 
 

 

Developing concrete with the most efficient use of resources with optimized specific properties is 
the challenge of the 21st century. In addition to transportation, the vast majority of greenhouse 
gases (GHG) come from industrial production. The climate changes we are currently 
experiencing call upon us more than ever to reconsider our ways of designing concrete. To 
accelerate their application, we need a paradigm shift, scaling up and fast standardization of 
new materials and technologies. In this presentation we will focus on alternative cementitious 
materials to Portland cement. The case of ground glass pozzolan will be taken as an example. 
The material is not only investigated in terms of hydration, microstructure and mechanical 
performances and durability but also in terms of macro-scale properties, scale-up, technology 
transfer and standardization. The resulting cementitious material is finally the first 
supplementary cementing material (SCM) since around 40 years in Canadian standard (CSA) 
and American standard (ASTM). 
 

 
 

Chloride- induced corrosion damage of reinforced concrete stuctures: case studies 
and laboratory research 

Ioan Pepenar, ICECON GROUP, Bucharest, Romania 
ioan.pepenar@yahoo.com  

 
In the first part, the paper presents two cases of reinforced and prestressed concrete structures 
damaged by corrosion in chloride-based industrial aggressive environments, consisting mainly 
of gaseous, vapour and liquid aggressive agents (chlorine, hydrochloric acid and chlorides). To 
evaluate the corrosion damage of the concrete structures, tests were performed on-site and in the 
laboratory using specific investigation techniques. Investigation of the damage state of the 
structures revealed that some of the structural elements examined presented severe damage due 
to corrosion. This damage was in various stages of development and had a different influence on 
the resistance, stability and durability of structures. The corrosion damage of the structural 
elements was favoured and accentuated by the absence of efficient intervention measures 
(repair, corrosion protection) for these elements. In order to assure normal service conditions of 
the reinforced and prestressed concrete structures intervention measures were proposed to 
remedy existing damages and systematic monitoring of the service behaviour of the structures 
was introduced. 
 
In the second part, the paper presents the results of study on the electrochemical behaviour of 
prestressing steel in alkaline electrolytes (aqueous suspensions of cements), with various levels of 
chloride concentration by using the cyclic potentiodynamic polarization technique. The 
electrochemical measurements were performed on two types of high-strength steel used as 
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tendons for prestressed concrete: cold-drawn steel and thermally treated (quenched and 
tempered). The anodic potentiodynamic polarization curves of steel specimens in aqueous 
suspension of Portland cement CEM I (pH = 12.7) with 0.0001 ÷ 1.0 M [Cl-] were traced starting 
from the potential of -1000 mV/SCE with a forward (in the noble direction) scan rate of 0.556 
mV/s. The polarization direction was reversed with the same backward scan rate once the 
oxygen release potential (EO2) was reached in order to establish whether or not the steel surface 
remains in the passive state. Depassivation action of chloride ions was established by 
determining the potential of that observe at a sudden increase of current density. The “passivity 
breakdown (pitting) potential” (ER) or pitting potential (Epit) of steel was determined depending 
on the shape of the polarization curves, chloride ions concentration and type of steel. The 
obtained results allow the definition of a critical chloride ion concentration (chloride threshold) 
below which no prestressing steel depassivation occurs, with a value of 0.01 M [Cl-], respectively 
0.0355% Cl- (% by cement mass). The passivity breakdown (pitting) potential decreases linearly 
with the logarithmic values of chloride ion concentration. The potentiodynamic polarization 
method is a fast, selective and efficient method for the comparative study of the influence of 
cements, additives and admixtures on electrochemical corrosion behaviour of different types of 
steel in concrete. 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

3D-Printed Polymer Concrete and Composites for Structural 
Applications 

 
Mahmoud Reda Taha, University of New Mexico, USA 

 
 
Advancements in materials science and robotics have introduced additive manufacturing, 
widely known as 3D-printing, to the construction industry. 3D-printing technology has 
created new frontiers in construction, allowing us to realize new structural systems and 
designs that are not attainable using conventional materials and methods. Moreover, the 
pressing climate change issues necessitate altering traditional cement-based concrete and 
invite CO2-based materials with a low carbon footprint. This presentation will discuss the 
recent research investigations carried out by my research group at the University of New 
Mexico on developing next-generation CO2-based polymer concrete and composites with 
superior performance using 3D-printing technology. I will first present our research efforts 
and vision on 3D-printed precast concrete for buildings and bridges. I will then present our 
research on textile-reinforced 3D-printed polymer concrete panels with superior crack 
resistance and ductility. I will also describe our recent work on 3D-printed ductile fiber-
reinforced polymer (FRP) composites incorporating artificial intelligence components. I 
will finally introduce our latest investigations on CO2-based polymer concrete and 
composites. I will conclude by discussing the future opportunities for using the next 
generation of 3D-printed polymer concrete and composites in structural applications. 
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tendons for prestressed concrete: cold-drawn steel and thermally treated (quenched and 
tempered). The anodic potentiodynamic polarization curves of steel specimens in aqueous 
suspension of Portland cement CEM I (pH = 12.7) with 0.0001 ÷ 1.0 M [Cl-] were traced starting 
from the potential of -1000 mV/SCE with a forward (in the noble direction) scan rate of 0.556 
mV/s. The polarization direction was reversed with the same backward scan rate once the 
oxygen release potential (EO2) was reached in order to establish whether or not the steel surface 
remains in the passive state. Depassivation action of chloride ions was established by 
determining the potential of that observe at a sudden increase of current density. The “passivity 
breakdown (pitting) potential” (ER) or pitting potential (Epit) of steel was determined depending 
on the shape of the polarization curves, chloride ions concentration and type of steel. The 
obtained results allow the definition of a critical chloride ion concentration (chloride threshold) 
below which no prestressing steel depassivation occurs, with a value of 0.01 M [Cl-], respectively 
0.0355% Cl- (% by cement mass). The passivity breakdown (pitting) potential decreases linearly 
with the logarithmic values of chloride ion concentration. The potentiodynamic polarization 
method is a fast, selective and efficient method for the comparative study of the influence of 
cements, additives and admixtures on electrochemical corrosion behaviour of different types of 
steel in concrete. 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

3D-Printed Polymer Concrete and Composites for Structural 
Applications 

 
Mahmoud Reda Taha, University of New Mexico, USA 

 
 
Advancements in materials science and robotics have introduced additive manufacturing, 
widely known as 3D-printing, to the construction industry. 3D-printing technology has 
created new frontiers in construction, allowing us to realize new structural systems and 
designs that are not attainable using conventional materials and methods. Moreover, the 
pressing climate change issues necessitate altering traditional cement-based concrete and 
invite CO2-based materials with a low carbon footprint. This presentation will discuss the 
recent research investigations carried out by my research group at the University of New 
Mexico on developing next-generation CO2-based polymer concrete and composites with 
superior performance using 3D-printing technology. I will first present our research efforts 
and vision on 3D-printed precast concrete for buildings and bridges. I will then present our 
research on textile-reinforced 3D-printed polymer concrete panels with superior crack 
resistance and ductility. I will also describe our recent work on 3D-printed ductile fiber-
reinforced polymer (FRP) composites incorporating artificial intelligence components. I 
will finally introduce our latest investigations on CO2-based polymer concrete and 
composites. I will conclude by discussing the future opportunities for using the next 
generation of 3D-printed polymer concrete and composites in structural applications. 
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Municipal Solid Waste Incineration Bottom Ash (MSWI-BA) Utilisation 
in Cementitious System 

Jamal Khatib, Beirut Arab University, Lebanon, University of Wolverhampton, UK 

 
Owing to the continuous increase in human population, there are large amounts of 
municipal solid waste (MSW) being generated, which currently stands at 2.01 billion tons 
annually. This creates problems for its disposal and the associated environmental pollution. 
Finding disposal site for this waste is problematic as the land space is hardly available in 
many places in the world especially in populated countries such as India, Bangladesh and 
Holland. Although it is not an ideal solution, many countries in the world have opted to 
incinerate the municipal solid waste in order to reduce its volume and the need for disposal 
sites. The volume of waste can be reduced by more than 80% due to incineration and the 
remaining part of the waste is mainly municipal solid waste incineration bottom ash 
(MSWI-BA) and some municipal solid waste incineration fly ash. These ashes contain some 
heavy elements which can leach into the environment if not disposed properly.   The 
construction industry consumes large quantities of raw materials. Concrete is one of the 
main materials used in construction and the world consumption of concrete is over 20 
billion tons annually. Sustainable development is partly concerned with the efficient 
utilization of resources taking into consideration the present and future generation. 
Therefore using waste materials in construction applications such as concrete is beneficial, 
in that the amount of virgin materials used in concrete would be reduced. Municipal solid 
waste incineration bottom ash has the potential to be used in concrete either to replace the 
aggregate or the cement depending upon its particle size distribution. The potential health 
hazard due to the disposal of municipal solid waste incineration may be minimized if used 
in concrete with its encapsulation properties. 
 
Lebanon is situated in the eastern part of the Mediterranean and has a large population 
with respect to its land mass. There is at least one plant which incinerate the municipal 
solid waste and as result bottom ash is generated. Lebanon suffers from various type of 
pollution and disposing of this waste may cause more environmental pollution and 
exacerbate the current problems.   In order to reduce the environmental burden, the current 
research will examine the possible use of municipal solid waste incineration bottom ash in 
concrete application. The bottom ash used to partially replace the fine aggregate in 
concrete with various percentages. The water to cement ratio as well as the other 
ingredients were kept constant for each set of mixes. Basic concrete properties were 
assessed including density, compressive strength, splitting tensile strength, ultrasonic pulse 
velocity and water absorption by total immersion and capillary rise. Also the structural 
performance of reinforced concrete beams containing municipal solid waste incineration 
bottom ash is investigated. This includes the load deflection curve, crack propagation, 
strain distribution and the depth of the neutral axis. 
 
The presentation will summarise the results obtained which would include the utilization of 
municipal solid waste incineration ash in concrete applications and suggest further work 
for the future. Some of these conclusions suggest that using up to 25% of municipal solid 
waste incineration bottom ash has small effect on compressive strength. However using 
50% fine aggregate replacement can lead to a noticeable reduction in compressive strength. 
Adequate structural performance is observed if municipal solid waste bottom ash is 
included in the concrete. The research should encourage the use of municipal solid waste 
incineration ash in concrete and construction application.  
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Factorial design modelling of cement grout containing dolomitic 
quarry dust powder 

 
Ahmed Abdalqader1,2, Mohammed Sonebi1, Neil Thornton2, and Su Taylor1 

1Queen’s University Belfast, School of Natural and Built Environment, Belfast, UK 
2Tracey Concrete Ltd, Enniskillen, UK 

 

Aggregate processing in quarries results in huge amount of waste materials and 
dust. These pose a growing threat to the environment and urge a more sustainable 
management and practices. A very promising way to use the quarry waste and 
dust is to be incorporated as filler in cement and concrete composites such as 
cement grout and self-compacting concrete. This paper examines and models the 
influence of key parameters including quarry dust (QD) content on the fresh and 
hardened properties of Portland cement-based grouts. A full factorial design was 
carried out to mathematically model the spread, flowability, cohesion and 
compressive strength of grouts containing dolomitic quarry dust. The parameters 
considered in this study were water-to-binder (w/b) ratio, QD content as 
percentage of total mass of dry powder, and dosage of superplasticiser. The w/p 
ratio varied between 0.3 – 0.4, while the QD content and SP dosage were in the 
range of 0-20% and 0.4-1%, respectively. Additionally, the effect of incorporating 
QD into the grout on the reaction kinetics was studied. The main findings showed 
that the grout spread and flowability improved by increasing all the factors. 
However, an interaction effect between w/b and SP dosage led to loss of the spread 
and flowability of the grout. The cohesion of the grout followed a similar trend 
with an additional interaction effect of QD content and SP dosage. The effect of the 
studied parameters on compressive strength was found to be dependent on the age 
of the testing. The derived models are helpful to optimise the mix proportions for a 
specific set of criteria.  
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Fresh view on hydraulic binders: some factors controlling the fresh 

state properties of cementitious materials 
 

Hassan Ez-zakia,b, Maurizio Bellottoa, Gilberto Artiolia and Luca Valentinia 
aDepartment of Geosciences, Padova, University of Padova, Italy 

bLaboratory of Applied Chemistry of Materials, Faculty of Science, Mohammed V 
University in Rabat, Morocco 

 
The importance of hydraulic binders in concrete plays a vital role in the economic 
and social development. For instance, PC (Portland cement) is the most used 
hydraulic binder due to its properties and availability. However, its production 
contributes to an extreme greenhouse gas emission. Many efforts are, therefore, 
being undertaken to use greener hydraulic binders. The use of SCMs 
(supplementary cementitious materials) such as GGBS (ground granulated blast-
furnace slag), fly ash, limestone and calcined clays has demonstrated to be 
effective to reduce the anthropogenic CO2 emissions. It is obvious that SCMs have 
diverse effects on the physical and chemical properties that can contribute in the 
development of the mechanical performance of cementitious materials. Moreover, 
the key factor to better use SCMs in blended cements is to control their fresh state 
properties. However, limited literature is available on the influence of SCMs on the 
rheological behaviour of fresh pastes. In light of the increasing interest concerning 
the fresh state properties of hydraulic binders based SCMs, this contribution 
reports the rheological behaviour of various hydraulic binders based GGBS, fly 
ash, limestone or calcined clays and explores the factors influencing the particle 
interactions during the structural build-up/breakdown process when stress is 
applied to the system. Yield stress and elastic modulus are considered to be the 
main indicators to quantify the structural changes of sheared fresh pastes 
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Investigation on hydraulic properties of alkali activated fly ash 

 
Jihane  Moudar1, Nisrine  El Fami1, Abdeljebbar  Diouri1 and Mhammed Taibi2 

1 Laboratory of Applied Chemistry of Materials, Faculty of Science, Mohammed V 
University in Rabat, Morocco 

2Laboratory of Physico-Chemistry of Inorganic and Organic Materials, Ecole Normale 
Supérieure, Mohammed V University in Rabat 

 

The application of low-calcium fly ash (FA) in the construction industry is however 
limited to the partial replacement of ordinary Portland cement, in view of the 
significant progress made in the application of industrial waste. This work 
concerns the alkali activation of class F FA by sodium hydroxide (NaOH), Alkali 
activated materials are described as materials obtained by the reaction between 
precursors and activators, two key process parameters have been taken into 
account for the synthesis of this material: the liquid/solid ratio, the concentration 
of the alkaline solution. For this purpose, Alkali activated FA was prepared by 
combining Moroccan FA (ASTM class F) and sodium hydroxide (purity, 99%). The 
FA mixture (100g) was heated to 80-90 ° C in aqueous NaOH (5mol / L, 300ml) 
with magnetic stirring and kept at reflux for 6h. A series of experiments, including 
X-ray diffraction (XRD), Fourier-transform infrared spectroscopy (FTIR) and 
thermogravimetric analysis (TGA) were conducted to evaluate the characteristics 
of the resulting products. The results reveal the presence of new crystalline 
products of sodium aluminosilicate. 
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Physico-chemistry of geopolymers based on recycled glass powder and 
metakaolin: effect of metakaolin content 

 
Tohoué Monique Tognonvi1, Ana Balaguer Pascual2, and Arezki Tagnit-Hamou2 

1University of Peleforo Gon Coulibaly, Department of Mathematics, Physics & Chemistry, 
Korhogo, Côte d’Ivoire 

2University of Sherbrooke, Department of civil engineering, Sherbrooke, Canada 

 

Geopolymers are mineral binders obtained by alkaline activation of 
aluminosilicate materials. They represent today a possible alternative to the 
Portland cement. Indeed, these materials have physico-chemical properties similar 
or even superior to those of ordinary cements. In addition, they are more 
environmentally friendly and develop good durability. However, it is difficult to 
determine the final material properties in their current state because of the great 
variability of the source materials (metakaolin, fly ash, blast furnace slag, etc.). 
Therefore, each studied system requires specific analysis and recommendations 
depending on the used aluminosilicate source materials. The aim of this work is to 
develop geopolymers based on recycled glass powder and calcined clay 
(metakaolin) for application in the construction field. Thus, mortars activated with 
5 mol/L sodium hydroxide are developed. The effect of metakaolin content (0; 5; 15 
and 30 wt%) on both fresh and hardened state properties including workability, 
microstructure and compressive strength are evaluated. 

Isothermal calorimetry study is also performed on paste mixtures. Results show 
that increasing the metakaolin content up to 30 wt% in the system improves the 
mortar microstructure and thus, increases their compressive strength. We have 
been able to elaborate mortars incorporating 30 wt% metakaolin with 
compressive strength of 29, 37 and 41 MPa after 7, 28 and 91 days, respectively. 
The gel responsible for this good cohesion is the sodium aluminosilicate hydrate gel 
(NASH). Furthermore, according to the isothermal calorimetry study, 
geopolymerization occurs within the first two hours. Increasing metakaolin 
content induces the reduction of the heat flow and enables a progressive 
geopolymerization process. However, durability studies including, for example, 
acid and sulphate resistance should be undertaken to evaluate the durability 
aspect of such a studied system. 
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Study of thermal and microstructural properties of foamed and 
unfoamed fly ash-based geopolymer using FT Raman spectroscopy 

 
Ghizlane Moutaoukila, Alehyen Salihaa, Isabel Sobradosb  and Mhamed Taibia 

a Mohamed V University in Rabat, Laboratory of Physico-Chemistry of Inorganic and 
Organic Materials, High Normal School-Morocco 

bInstituto de Ciencia de Materiales de Madrid, Consejo Superior de Investigaciones 
Científicas (CSIC), Madrid, Spain 

 

In this study, the influence of elevated temperatures exposure on the mechanical 
and microstructural properties of geopolymers (GP) and geopolymer foams (GPF) 
was investigated. The geopolymer samples were elaborated using fly ash sourced 
from the Jorf Lasfar power plant in Morocco with the alkaline solution 
(combination of NaOH and Sodium silicate). The samples prepared and cured for 
28 days were exposed to high temperatures (300°C and 600°C). Compressive 
strength tests on the prepared samples were carried out before and after heat 
treatment. X-ray fluorescence (XRF), X-ray diffraction (XRD), FT Raman 
spectroscopy and scanning electron microscope (SEM) analysis were performed 
for the characterization of the raw materials and the elaborated geopolymers. The 
structures of the expanded and unexpanded geopolymers, as well as the 
microstructural changes observed after heat treatment at high temperatures, were 
studied using FT Raman spectroscopy. The decrease in strength by 67.37% and 
77.24% for GP samples treated at 300 ° C and 600 ° C respectively, the strength of 
GPF drops by 36.11% and 95% when samples exposed to 300 and 600 ° C 
respectively. Raman spectroscopy results showed for GP and GPF samples that the 
bond assigned to Si-O-Si, Si-O-Al or O-Si-O shifted to a lower wavenumber after 
exposure to high temperatures 
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Experimental study of the thermal and mechanical properties of 
concrete incorporating recycled polyethylene. 

N. Akkouri 1, O. Bourzik1, K. Baba2 and A. Nounah2 
1Civil Engineering and Environment Laboratory (LGCE), Mohammadia Engineering 

School, Mohammed V University, Rabat, Morocco 
2Civil Engineering and Environment Laboratory (LGCE), School of Technology-Sale, 

Mohammed V University in Rabat, Morocco 

 

Plastic has become one of the most widely manufactured materials in the world 
and an indispensable part of everyday life. However, a large amount of plastic 
waste must be recycled to protect the environment. One way to recycle is to use 
this waste as a substitute for raw material. This paper evaluates the thermal and 
mechanical performance of environmentally friendly concretes containing 0%, 5%, 
10% and 15% recycled polyethylene (PE) particles as a partial replacement for 
coarse aggregate. Several experiments were conducted to evaluate thermal 
conductivity, thermal diffusivity, thermal capacity, compressive strength and 
density. The results show that replacing coarse aggregate with recycled PE in 
cement-based concretes reduces their thermal conductivity, which indicates the 
potential use of these concretes as energy-saving construction materials as well as 
an environmentally friendly solution for the disposal of plastic waste and the 
conservation of natural aggregate basins. 
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Influence of nanoclay on the fresh and rheological behaviour of a 3D 
printing concrete 
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2University of South Britany, Department of Civil Engineering, Lorient, France 
3Tezpur University, Department of Civil Engineering, Tezpur, India 

 

Additive manufacturing is rapidly influencing the construction industry and 
designing good quality concrete for printing our homes remain a challenge. New 
materials are being tested for its suitability in a concrete mix. The purpose of this 
study is to investigate the influence of nanoclay (nC) on fresh and rheological 
properties of 3D printing concrete. The 3D printing concrete used in this study is 
prepared by mixing of cement (CEM1), fly-ash (FA), basalt fibre (BA), nanoclay (nC) 
and superplasticizer (SP) with sand at constant water/cement ratio of 0.41. Fresh 
and rheological properties of this mixture are evaluated with the help of slump flow, 
cone penetration and cylindrical slump. The amount of nanoclay (nC) in the 
cementitious mixture is increased from zero to 6 kg/m3. Addition of nanoclay in the 
cementitious mixture for 3D printing concrete caused an important loss of 
workability but improved the yield strength of the material, which is attributed to 
higher cohesiveness of the mix. Adding more nanoclay (nC) in the cementitious 
mixture not only maintained the desired shape during and after extrusion, but also 
demonstrated more stable layers, which prevented it from collapsing under gravity 
and weight of the subsequent layers. A good linear correlation between slump flow, 
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cone penetration test, yield strength and density of the material is established. The 
aesthetic effect of nanocla. 
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Valorisation des Bétons de démolition dans les nouveaux bétons de 
construction 

Safae Taieboune 1 and Adil Hafidi Alaoui2 
1 Université Abdelmalek Essaadi, Département Mécanique et Génie Civil, Tanger, Maroc 

 

Il est universellement admis que le béton est le matériau le plus consommé dans les 
constructions. Ces derniers ont une durée de vie limitée et la disposition des rebus de 
démolition et de réparation représente un défi considérable. Au Maroc, cet enjeu est 
particulièrement important car les bâtiments, les infrastructures routières et 
urbaines vieillissent relativement vite et nécessitent souvent des travaux de réfection 
ou de démolition. La grande quantité de rebus de démolition ainsi générée devra 
être enfouie ou réutilisée. La réutilisation de ces matériaux est donc un aspect 
important de la gestion de ceux-ci, surtout que la réglementation concernant les sites 
d’enfouissement est de plus en plus restrictive (Loi 28-00, Article 10). Un autre enjeu 
auquel est confrontée l’industrie de la construction est la diminution des sources de 
granulats naturels vu la forte demande croissante de la matière première. De même 
le constat actuel montre que le Maroc possède un retard considérable par rapport 
aux pays développés en termes de valorisation des déchets du bâtiment et des 
travaux publics. Cette valorisation est toutefois encore très limitée dans le secteur de 
la construction : les granulats recyclés ne sont essentiellement réutilisés qu’en 
technique routière. En revanche, dans d'autres pays d'Europe, les granulats recyclés 
provenant des déchets de construction et démolition sont déjà utilisés dans la 
formulation de nouveaux bétons. L’utilisation de bétons de démolition, en tant que 
granulats recyclés dans de nouveaux bétons est une solution prometteuse dans le 
contexte actuel de développement durable. Cependant il faut noter que les propriétés 
des bétons de granulats recyclés sont différentes par rapport à ceux possédant des 
agrégats naturels, principalement leur porosité, densité et résistance. Ces 
différences sont attribuées au mortier de ciment qui adhère aux particules de 
granulat naturel, en constituant un agrégat en lui-même. Ces agrégats de béton 
recyclés sont obtenus par concassage des bétons de démolition, leurs 
caractéristiques dépendent à la fois de la qualité des bétons sources comme au mode 
et type de concassage utilisé. Toutefois, ce dernier permet la génération de 
matériaux granulaires dont la distribution granulométrique des particules se 
conforme en tout ou en partie, à la distribution de tailles qui sont exigées pour les 
granulats naturels. Ce travail vise à étudier l’influence de l’utilisation d’une 
combinaison Granulat Fin Recyclés (GFR) et Granulat Grossier Recyclé (GGR), avec 
des Granulats Naturels (GN).Sachant que l’utilisation de la fraction grossière 
recyclée dans la production des nouveaux bétons a pu révéler des bonnes 
performances aux bétons recyclés, l’utilisation de la fraction fine recyclée reste 
encore très limitée, en vue de sa capacité d’absorption en se référant aux études 
bibliographiques précédentes. Afin d’améliorer la qualité des Bétons de Granulats 
Recyclés (BGR), cette étude cherche également à étudier une nouvelle alternative de 
broyage favorisant moins de pate. 

Corresponding author: safae.taieboune@etu.uae.ac.ma 



44

CMSS 2021: International Congress on Materials & Structural Stability 
Eco-Friendly Sustainable and Energy Efficient Materials & Constructions 

 

Rabat, Morocco, 24-26 November 2021 
 

O1-126 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Synthesis and mechanical characterization of geopolymeric mortars 
derived from inorganic industrial waste from Peruvian informal mining 

F.A. Huamán-Mamani1, F.A. Cuzziramos-Gutiérrez1, G.P. Rodríguez-Guillén1, M.L. 
Benavides-Salinas1, C.K. Palomino-Naupa1, D.M.M. Gallegos-Florez1 and R.S. Huacallo-

Guía1 
1Universidad Católica San Pablo, Arequipa, Perú, Campus Campiña Paisajista s/n Quinta 

Vivanco, Barrio de San Lázaro, Arequipa, Peru 

 

Geopolymeric mortars manufactured from the geopolymerization of inorganic 
wastes from the Peruvian informal mining industry and subsequent addition of fine 
sand, were mechanically evaluated under ambient temperature and atmosphere 
conditions. The mechanical results found in the geopolymer mortars were compared 
with those found in conventional Portland cement mortars (control). The maximum 
uniaxial compressive strength values for the geopolymer mortars ranged from 7.5 to 
27.1 MPa, with the best results when a binder:fine sand ratio of 1:2 was considered, 
molarity of the hardener solution of 20M and a hardener solution:binder ratio of 
0.6. The microstructure found for both types of mortars studied (control and 
geopolymeric) consisted of a continuous interconnected phase of binder (cement or 
geopolymerized inorganic mining residue) and a discontinuous phase of fine sand 
particles, located within the agglomerating phase. The average real density and 
porosity of the geopolymeric materials studied were 2.71 g/cm3 and 27%, 
respectively. 

Keywords: Geopolymeric mortars, inorganic wastes, mining industry, micro-
structure, density, porosity 
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Effect of Limestone fines as a partial replacement of cement on 
thechemical, autogenous, dryingshrinkage and expansion of mortars 

Jamal Khatib1, Rawan Ramadan1, Hassan Ghanem1, Adel ElKordi1 and Mohammed Sonebi2 
1 Beirut Arab University, Department of Civil Engineering, Beirut, Lebanon 

2Queen's University Belfast, School of Planning, Architecture and Civil Engineering, Belfast, 
UK 

 

The use of limestone with itsdifferent applications in paste, mortar, and concrete has 
become a common practice, not only for the urge to control the environmental 
impact and saving natural resources but also to improve their mechanical and 
durability performance. This study focused on the effect of incorporating different 
percentage levels of limestone fines (LF) on the shrinkage and expansion 
development of mortar specimens for a total period of 28 days. To observe this 
effect, five mortar mixes were prepared with five substitution rate of LF (0, 5, 10, 15, 
and 20%) to replace cement and with awater to binder ratio (w/b) and sand to 
binder ratio (S/b) of 0.45 and 2 respectively. Four tests were applied for each mix; 
chemical, autogenous and drying shrinkage, and expansion. It was observed that 
adding up to 10% LF enhanced the chemical and autogenous shrinkage of mortars. 
Likewise, incorporating up to 15% LF increased the expansion in mortar specimens. 
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However, drying shrinkage of mortars increased as LF content went up.Overall; the 
results indicate that shrinkage of mortars is related to the creation of hydration 
products and selfdesiccation. 
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Synthesis of MgO-Belite calcium sulfoaluminate cement from 
phosphate mine waste rock and phosphogypsum 

Yassine El Khessaimi1, Yassine Taha1, Amine El Mahdi Safhi1, Rachid Hakkou1, 
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1 Mining Environment & Cicrular Economy Program (EMEC). Mohammed VI 
Polytechnic University (UM6P). Ben Guerir, Morocco. 

 

MgO-Belite calcium sulfoaluminate low carbon clinker (BCSAC) was successfully 
synthetized from a raw meal containing more than 77 wt.% of phosphate by-
products: 67 wt.% of phosphate mining waste rocks and 10 wt.% of 
phosphogypsum (PG: CaSO4·2H2O), while the remaining portion was Kaolin clay. 
The obtained clinker could be considered as an environmental friendly material. In 
fact, it can be synthetized at lower temperature (1250°C) and it is physically softer 
than Portland cement. Ye’elimite and belite were the major cement phases in the 
obtained clinker. The hydration of the synthesized cements was assessed by 
microcalorimetry, compressive strength tests, X-ray diffraction and 
thermogravimetric analysis. Ettringite was identified as the main crystalline 
hydrate phase, which is in accordance with thermodynamic modelling results. The 
presence of P2O5 and the residual acidity in PG negatively influenced the strength 
development. However, the compressive strengths of the obtained belite calcium 
sulfoaluminate clinkers was higher than Portland cement at 3 and 7 days. It was 
explained by the high quantity of ettringite in sulfate-rich cement pastes. 
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Preliminary study on the influence of co-grinding on the substitution of 
cement by limestone dust in mortars 

Abdelbar Elkhachine a,  Nacer Khachania, Mohamed Saadia and Abdeljebbar Diouria 
a Laboratoire de Chimie Appliquée des Matériaux, Faculty of Science, University 

Mohammed V in Rabat, Morocco 

 

Aggregates, produced by quarrying, are used in the construction industry and have 
become vital and economically profitable for quarry operators. In limestone 
quarries, considerable quantities of limestone powder are produced as by-products 
of stone crushers. Large quantities of powders are produced and the use of this by-
product poses a major problem in terms of effective elimination, environmental 
pollution and health risks. Sand is used in construction works as fine aggregate. In 
this study, the main concern is to find a sand substitute. Replacing normal sand with 
limestone powder will reduce solid waste. Laboratory experiments have shown that 
mortars made of limestone powder and arc furnace slag produces considerable 
results in terms of strength and swelling.  This article reports on an experimental 
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study on the influence of partial addition of limestone dust and electric arc furnace 
slag on the properties of mortars. The used proportions of limestone powder are  
20%, 25%,  30% and furnace slag (EAFSB) 15% . 

 

 Keywords: Mortar, Limestone quarry dust, arc furnace slag 
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An Overview of Eco- Friendly Thermal Insulation Materials for 

Sustainable Building 
Nandini Ijjada1 and R. Ramesh Nayaka1 

1Department of Civil Engineering, National Institute of Technology (NIT) Warangal, 
Telangana State, India 

 

The energy demand for buildings is rapidly increasing due to climate change and 
meeting sustainability due to environmental pollution are major challenges in the 
21st century. The role of thermal insulation materials in the building envelope is 
significant. However, conventional building envelopes record a high amount of 
energy consumption to meet the demand for heating and cooling. There have been 
many researchers conducted on eco-friendly thermal insulation materials for 
building nevertheless very few attempts have been made a report on life cycle cost 
criteria but no attempt has made concise the benefits of several ecofriendly thermal 
insulation materials exclusively on thermal properties, CO2 emission, embodied 
energy, and safety of eco-friendly thermal insulating materials. In this context, this 
paper aims to present a systematic overview of various thermal insulation materials 
include Cork, Fiberglass, Mineral wool, Cellulose, Polyurethane, Polystyrene, Rice 
husk, crumb rubber, sheep wool, date palm, Perlite, Phase change materials, 
Aerogels, Vacuum Insulation materials and Nano materials incorporated insulation 
materials. Finally, this comprehensive review may help researchers to acquire 
knowledge on all available eco-friendly insulation materials and selection of suitable 
current thermal insulating materials for programming on green strategy and made 
green design decisions in the building information modeling (BIM) approach for 
sustainable buildings. 

Keywords: Thermal insulation materials, life cycle cost, CO2 emission, embodied 
Energy, Sustainable Building. 
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An overview of mechanical, durability properties and microstructure 
evaluation of nano-silica assimilated cement composites (nano-sac). 

Abhishek R.1&2 and R. Ramesh Nayaka1 
1Department of Civil Engineering, National Institute of Technology, Warangal, Telengana 

State, India 
2Department of Civil Engineering, JSS Academy of Technical Education, Bengaluru, 

Karnataka State, India 

 

 The adoption of Nano technology has its prominent in construction industry, due to 
enhancement of characteristic of cement composites. Use of Nano-silica (NS) has 
found its significance in enhancing the mechanical properties, resulting in durable 
material. Nano-silica with high pozzolanic behaviour has its influence on 
microstructure of the cement composite. The current paper summarizes the effect on 
Nano-silica on mechanical and durability properties of the cement composites on 
altering the microstructure. The current trends and potential of Nano-silica based 
cement composites is conferred. 
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Mechanical and durability performance evaluation of heat cured low 
calcium fly ash based sustainable geopolymer concrete 

B. Rajmohan1, R. Ramesh Nayaka1 and K. Rajesh Kumar2 and Khaja Kaleemuddin3 
1National Institute of Technology, Civil Engineering Department, Warangal, Telangana 

State, India 
2SR University, Department of Civil Engineering, Warangal, Telangana State, India 

3 Navodaya Institute of Technology,  Karnataka State, India 

 

An ever increasing demand for infrastructure growth all across the world is 
compelling the construction sector lead to high amount of cement consumptions. . 
Cement production not only consumes large quantity of natural resources and also 
causing environment pollution by releases tons of greenhouse gas into the 
atmosphere. Besides, huge extraction of sand from river beds is causing an 
ecological imbalance in the aquatic environment. In this context, this study aims 
towards the sustainable practice and investigated the fresh and hardened properties 
of sustainable geopolymer concrete by completely replacing the river sand with 
manufactured sand. The fresh and hardened properties include workability, 
compressive strength, sulphate attack resistance and acid attack resistance, were 
studied for samples cured at various temperatures. In addition, surface 
deterioration, loss in weight and loss in compressive strength post exposure 
condition were considered for appraising the durability performance of geopolymer 
concrete. Workability of geopolymer concrete was enhanced by adding 
superplasticizer. The results revealed that higher compressive strength was achieved 
by heat curing the specimens at a temperature of 600C and geopolymer concrete 
exhibited the superior resistance to sulphate attack and acid attack. Moreover, 
geopolymer concrete is proven to be cost effective and reduction in the carbon 
emission.  

Keywords: Sustainable Geopolymer Concrete, Manufactured Sand, Compressive 
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Summary of findings on magnetic orientation of fibres in cement 
composites 

 
Přemysl Kheml1, Kristýna Carrera1, Karel Künzel2, Václav Papež2, Radoslav Sovjak1 

1Czech Technical University in Prague, Prague, Czech Republic 
2 Faculty of Civil Engineering, Czech Technical University in Prague,  Czech Republic 

 

This article summarizes the findings in newly developed technology - Magnetic 
Orientation of Fibres (MOF). New incoming technology MOF can easily and 
effectively reinforce concrete elements in a specific direction with ferromagnetic 
fibres using a magnetic field. Using this technology, it is possible to provide the 
required orientation of steel ferromagnetic fibres in a fresh mixture of High-
Performance Fibre Reinforced Cementitious Composite (HPFRC) with the help of a 
magnetic field. This article aims to inform about the existing research that deals 
with this technology. It summarizes the experiments performed, the development 
of magnetic field generation devices and fibre alignment measurement equipment 
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The effect of high volume fly ash on delayed ettringite formation 
Loubaba Rida , Adil Hafidi Alaoui 

Faculty of science and technology, Department of physics, Tangier, Morocco 

 

Considering their good performance and environmental friendless, fly ash based 
construction materials have great potential as alternative to ordinary Portland 
cement.  This study investigates the effect of using reactive mineral admixtures 
such as fly ash as cement replacement on delayed ettringite formation through 
high volume fly ash mortar cast in the laboratory and exposed to a high curing 
temperature over 28-days study period. The delayed ettringite formation (DEF) is 
seen as form of internal sulfate attack of cementitous materials, it is a chemical 
reaction that can cause damage of concrete heated to a temperature above about 
70°C.To achieve the aim of this study, a portion of cement was replaced by class F 
fly ash with 50% by mass of binder under both standard curing conditions and 
heat treatment curing conditions. Experiments involved the mechanical strengths 
and as well as microstructural characteristics. 
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Influence of fly ash activation on the mechanical properties of 
Moroccan Portland cement 

Nisrine El Fami1, Ali Boukhari1 , Nacer Khachani1 And Abdeljebbar Diouri1 
1 Laboratory of Applied Chemistry of Materials, Center for Materials Science, Faculty of Science, 

Mohammed V University in Rabat, Morocco 

 
Recently global warming, greenhouse gas and climate change have become a major and 
prominent topic of discussion in the general media. The cement industries are the most 
important producers of (CO2) after fossil fuels and land use change. The production of 
cement emits about 6-8% of the world's CO2 emissions into the atmosphere. The reduction 
of the amount of cement in the cementitious materials is a major challenge for researchers. 
The objective is to replace it with environmentally materials such as fly ash (FA). The main 
objective of this research is to evaluate the effect of chemical composition and the effect of 
mechanical activation on the compressive strength of mortars incorporating FA. Two 
different sets of mortar admixtures are produced with FA from different sources at a level 
of 10%, 20%, 30%, and 40% (by weight) in replacement of cement and at a water-binder 
ratio (W/B) of 0.5. The results indicate that mechanical activation of FA improves particle 
fineness and increases silica and alumina content in the blended cement. The mechanical 
strength of activated FA blended cements is higher than non-activated FA blended 
cements. 
Corresponding Author: nissrineelfamii@gmail.com 
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Innovative test for predicting the rheology of self compacting concrete 

Ben Aicha Mouhcine1, Belcaid Aicha2, Hafidi Alaoui Adil2 And Burtschell Yves3 
1Ecole Nationale d’architecture de Rabat, Matériaux et structure, Rabat, Maroc 

2Faculté des sciences et techniques, Tanger, Maroc 
3Aix Marseille Université, Polytech’ Marseille, Marseille, France 

 
You should Industry and construction operators look for a concrete that is sufficient 
strength and fluid to fill the most complex shapes. Moreover, that concrete must be stable 
enough to avoid aggregate segregation. The concrete formulation proves to be the most 
suitable to achieve all those propreties is the selfcompacting concrete (SCC) one. Currently, 
to measure the rheological properties of the fresh concrete (plastic viscosity µp and yield 
stress τ0), the widely adopted test is the "concrete rheometer". However, the use of a 
rheometer on site is a very complex operation, because it is too expensive, and in addition, 
it requires a qualified person to move, handle or repair it. Hence, many laboratories use 
other empirical tests to predict the rheological behavior of concrete. Each of these tests 
characterizes only one of the two rheological parameters (µp or τ0) and depends on the 
operator. In several cases, these constraints lead to a false characterization of the concrete 
behavior. To remedy these problems, this work aims to develop another means of 
rheological characterization of SCCs. This test will represent a total independence from the 
operator and will quantify both the plastic viscosity and the yield stress of the self-
compacting concrete. The proposed approach, verified both by experimental results and 
correlation studies, represents a simple, economical and usable tool on building site, and it 
allows to characterize rheologically the SCC from its flow. 
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Modelization of the rheological behavior of self-compacting concrete 
using artificial neural networks 

El Asri Yousef 1, Ben Aicha Mouhcine 2 , Zaher Mounir1 And Hafidi Alaoui Adil1 
1 Abdelmalek Essaâdi University, FST, Mechanical and Civil Engineering Laboratory, 

Tangier, Morocco. 
2 Ecole Nationale d’Architecture, Structure and Materials Laboratory, Rabat, Morocco. 

 

 Self-Compacting Concrete (SCC) is a fluid concrete designed to flow freely through 
obstacles (reinforcement) in order to completely fill the formwork without 
segregation or bleeding. The appearance of this type of concrete increases the need 
to precisely characterize their behavior during flow. At present, there are several 
empirical tests to characterize a SCC such as slump flow, L-box and V-Funnel, but 
no correlation, based on artificial intelligence, has been proposed for the 
determination of the rheological behavior (plastic viscosity and the yield stress) as 
a function of rheological parameters found during empirical tests (slump flow 
diameter, H2/H1 ratio of L-Box and V-Funnel flow time).The objective of this 
study, numerical and experimental, is to find an optimal correlation between 
behavior and rheological parameters using the techniques of artificial intelligence, 
and more precisely, artificial neural networks. 
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Analysis of the influence of the type of curing on the axial compressive 
strength of concrete 

Claiton Cremonez1, Juliana Maria McCartney da Fonseca1, Ana Carolina Seguro Cury1, 
Elizamary Otto Ferreira1, Wellington Mazer1 

1Universidade Tecnológica Federal do Paraná, Graduate Program in Civil Engineering, 
Curitiba, Brazil. 

 
The curing process is one of the most important steps in the concrete execution, providing 
the complete hydration of the Portland cement compounds, avoiding the shrinkage 
phenomenon and ensuring the strength of the structure. This paper intends to understand 
the influence of immersed in water and lime curing,  chemical curing, with the use of 
plastic film, and open air curing on concretes with axial compressive strength fck 30 Mpa. 
The specimens were analyzed during 63 days, at 4 ages of rupture. The concretes, when 
submitted to immersed curing in water and lime, had a significant difference when 
compared to the other methods. The concretes that were submitted to the other cures had a 
lower mechanical resistance, sometimes signiticative, sometimes not significant when 
compared among themselves. 
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This article reviews the effects of silica fume (SF) and metakaolin (Mk) properties 
on water accessible porosity, chloride ion diffusion, gas permeability and electrical 
resistivity. The concretes are tested with proportions of 15% and 20% of Mk and 
5% and 10% of SF compared to the concretes without addition. Incorporation is 
based on a partial replacement of fine sand. A total of fifteen mixtures are made 
according to three different Water/Binder ratios: 0.50, 0.46 and 0.40. Durability 
indicators are evaluated for ages of 7, 28, 56 and 90 days. The incorporation of SF 
or Mk into cement matrices is intended to study the effect of the effective pozzolanic 
reaction which can improve the development of the concrete microstructure 
compared to control concretes. Therefore, the comparison of the tested concretes 
with addition compared to the control concrete shows a decrease in durability 
indicators as follows: (1) for porosity from 1% to 11% for SF and from 4% to 12% 
for Mk, (2) for the diffusion of chloride ions from 54% to 75% for SF and from 55% 
to 86% for Mk, (3) for gas permeability from 6% to 22% for SF and from 5% to 
28% for Mk. Resistivity, as well, shows an increase compared to the control 
mixture from 64% to 163% for SF and from 50% to 104% for Mk. A good 
correlation was observed between the compressive strength and the tested 
durability indicators of the different concretes. 

Keywords : Durability, Flash-calcined metakaolin, Silica fume, Concrete 
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Optimisation and validation of the compressive strength, 
environmental impact and cost of marine concrete mix designs 

containing GGBS 
Luke Oakes1, Mohammed Sonebi1, Adeline McCartney2 and Giuseppina Amato1 

1Queens University, Natural and Built Environment, N.Ireland 
2Moore Concrete, Technical, Ballymena, N. Ireland 

 

Marine concrete mix designs are highly engineered to provide durability and long 
service life in the extremely damaging exposure regimes intrinsic to coastal areas 
and splash zones. Extremely dense, high strength concretes with low porosity and 
W/CM ratios are required with superplasticizing (SP) admixtures often used to 
provide self-compaction and efficient production. As such these mixes are often 
costly and have high carbon embodiment, however, through intelligent material 
selection and mix design optimization there is potential to make significant cost 
and carbon reductions and create economically competitive mixes that can meet 
project performance requirements in the modern, low carbon construction 
industry. Due the high relative cost and carbon embodiment of SP admixtures used 
in self compacting concrete (SCC) the fresh properties which dictate the demand to 
achieve a suitable flow level for each mix design will play a significant role in 
optimizing the cost and carbon content. Significant proportions of SCM’s such as 
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GGBS are commonly used as a cement replacement to not only reduce the 
environmental impact but also increase the resistance to chlorides, sulphates, acids 
and ASR reactions thereby increasing durability and performance. While material 
cost reductions no longer exist between cement and GGBS other factors such as 
reduced demand for cover, reduced element thickness and increased service life 
can still reduce total life cycle costs. Therefore, to allow mix optimization and 
ascertain the effects of the primary mix parameters (W/C ratio, Sand/Aggregate 
ratio, Binder type, Binder content) and their interactions on the carbon 
embodiment, cost, and compressive strength of marine concretes over time a 
factorial experimental design was selected. Key responses modelled in this paper 
include 1-, 3- , 7- and 28-day compressive strength and SP demand along with the 
cost and carbon embodiment of each mix design. Empirical models were then 
created (adjusted R2 0.995- 0.964) to predict the performance of optimized mix 
designs and further testing was carried out validate the model accuracy 
confirming its applicability. This factorial design can then be used to predict 
concrete properties and select high performance, low impact SCC’s that meet 
specific project requirements in the most economical way. 
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Durability of concrete produced with recycled cement from waste 
concrete 

José Alexandre Bogas1, Ana Carriço1 Sofia Real1 
1CERIS, Instituto Superior Técnico, Universidade de Lisboa, Department Civil 

Engineering, Portugal 
 

In the present study, concretes produced with recycled cement (RC) obtained from 
the thermoactivation of concrete waste (RCC) or laboratory cement paste (RCP) 
were analysed in terms of some of their main transport properties (capillary 
absorption, oxygen permeability) and carbonation and chloride penetration 
resistance. Recycled cement was incorporated at various percentages, between 5 
and 100%, taking into account concretes of different w/b. RCC was obtained from 
an innovative process of concrete waste separation recently patented by the 
authors, allowing the retrievement of cement waste with almost 90 vol% purity. 
RCP and RCC showed high rehydration capacity and concrete produced with them 
reached comparable durability to that of reference ordinary Portland cement 
(OPC) concrete. For up to 15% RCC replacement the concrete durability was not 
significantly affected and the cement retrievement from concrete waste was very 
effective. Overall, RCP and RCC actively contributed to the densification of the 
microstructure and the improvement of concrete durability. The recycled cement, 
as obtained in the present study, showed high potential to be used as an eco-
efficient clinker substitute. 
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Stabilization and characterization of dicalcium silicate belite phase by 
metallic zinc 

Jihane  Moudar1, Nisrine  El Fami1, Hind  Agourame1, Abdeljebbar  Diouri1 and Mhammed 
Taibi2 

1 Laboratory of Applied Chemistry of Materials, Faculty of Science, Mohammed V 
University in Rabat, Morocco 

2Laboratory of Physico-Chemistry of Inorganic and Organic Materials, Ecole Normale 
Supérieure, Mohammed V University in Rabat 

 

Cement production generates about 5% of the world's total atmospheric emissions 
of greenhouse gases. Therefore, the use of residues, natural or industrial, in a 
cement manufacturing process, allows solving at the same time the following two 
environmental problems: a lower impact on natural resources and the material 
recovery of waste. Belite-rich cement is an alternative type of cement that has 
attracted scientific interest over the past 20 years. To produce a partially or fully 
belitic binder, it is necessary to lower the firing temperature of the raw meal, 
which can lead to a significant reduction of CO2 emissions. The main objective of 
this work is the synthesis of the dicalcium silicate belite phase at low temperature 
(below 1000°C). For this purpose, it is useful, if not essential, to use a mineralizer 
such as metallic zinc powder in order to facilitate the clinkerization of the raw 
meal, to decrease the melt formation temperature, to preserve the production 
energy, to decrease the temperature of the clinker minerals and to improve the 
formation reactivity of its compounds. The samples were prepared by adding 
proportions of 0% and 3% zinc metal to CaCO3 and SiO2 reagents of Ca/Si ratio = 
2. The properties of the belite phase were characterized by X-ray diffraction 
(XRD), scanning electron microscopy (SEM), energy dispersive X-ray 
spectroscopy (EDS) and Fourier transform infrared spectroscopy (FTIR). 
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Leachability of cement mortars containing sewage sludge ash 
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Currently, the use of wastes and by-products as cementitious additions has become 
a necessity in the world of cement production. Since their use brings technical, 
economic and environmental benefits to cement. However, because of the pollutant 
load of these materials, it is essential to study the environmental behavior and the 
leachability of these cement mixtures before their use into buildings. 

This paper investigates the leachability of cement-based mortars containing 
various percentages of the waste material obtained from the incineration of 
sewage sludge, i.e. sewage sludge ash (SSA). The SSA and SSAmortars was 
characterized chemically, physically and mechanically. In addition, the leaching 
behavior of heavy metals in SSA and SSA- mortars were assessed using NF EN 
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12457 and NF PX31-211 leaching tests. Results illustrate that the leaching behavior 
of SSA shows an important release of Cr, Mo, Ba, Sr, V, Zn and Al. While, the 
leaching behavior of mortars containing different amounts of SSA was satisfactory 
and the heavy metals were successfully immobilized in cement matrix. 
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Investigation of thermo-acoustic and mechanical performances of 
gypsum-plaster based construction materials for building envelope. 
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The building materials is one of the biggest consumers of energy in the world and 
it is pushing the scientific community to find various alternative solutions to solve 
the problem of thermal insulation of buildings. Therefore, the selection of 
appropriate building materials is a major challenge for improving the thermal 
comfort and energy performance of buildings. In this scenario, the interest of 
plaster-based composites as insulating materials increases, in particular for new 
applications, as insulators for the building envelope, and this deserves to be 
studied. In this investigation, new plaster-based composites with cork were 
produced and tested at lab scale, in order to obtain cheap solutions with improved 
thermo-physical and acoustic performance. The results show that it is possible to 
improve the thermal, mechanical, and acoustic performance of construction 
biomaterials by using plaster as a binder and cork as a natural reinforcement: 
thermal conductivity was equal to 0.097 W/m.K, the compressive strength to 
about 2.30 MPa, and the transmission loss to about 40 dB. 
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Nouvelle approche de porosimétrie au mercure pour l’évaluation de la 
microstructure des matrices cimentaires : application aux mortiers à 

base de ciment au laitier 
Hadj Sadok Ahmed 1 

1 Lab MVRE, Ecole Nationale Supérieure d’Hydraulique, Blida, Algérie 

 

Dans ce travail, la technique expérimentale « Porosimétrie au mercure », 
technique de caractérisation utilisée couramment avec succès, est présentée 
(Préparation d’échantillon, procédure expérimentale, exploitation des résultats, 
…). Habituellement les résultats de la dite technique sont principalement utilisés 
pour la caractérisation de la microstructure des matrices cimentaires. Afin de 
mieux cerner la caractérisation du réseau de pores, une procédure particulière a 
été tentée : pour chaque essai, une double intrusion de mercure est réalisée, 
permettant ainsi la mesure de la distribution du réseau de pores total et du réseau 
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réversible. Ceci permet une meilleure distinction entre la porosité totale du réseau 
et la porosité fermée du réseau irréversible. Cette technique a été appliquée sur des 
mortiers normalisés à base de ciment sans et avec 50% de laitier de haut fourneau. 
Ainsi le développement de la microstructure a été suivi après des durées de 
maturation de 28 et 360 jours en cure humide par la technique proposée ainsi que 
par une exploration au microscope électronique MEB. Une analyse minutieuse des 
résultats a pu montrer l’efficacité de l’approche testée en termes de compréhension 
de la microstructure de la matrice (dimensions et accessibilité des pores). Par 
ailleurs, les résultats ont bien démontré l’effet positif attendu du laitier sur la 
densification de la microstructure des mortiers au long terme. 
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Information Processing Laboratory, Agadir, Morocco 

 

Ultrasonic signal processing techniques are used to monitor the hydration of a 
mortar at an early age. We propose an experimental determination, then a 
theoretical determination of the resonance characteristics, from the representation 
of the reflection coefficient in the complex plane; we find the resonance frequencies 
there, but new element, the resonance widths could be obtained by a theoretical 
approach. additional. Theoretical predictions closely follow the experimental 
results and the possibility of material characterization is discussed. 
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Impact de l’ajout des fibres Alfa sur le comportement résiduel du béton 
soumis à des cycles de chauffage -refroidissement à l’eau 

Zied Ben Hammed 1, Sabeur Hassene1 et Ben Ouezdou Mongi1 
1Laboratoire de Génie Civil - Ecole Nationale des Ingénieurs de Tunis- Université El Manar- Tunisie 

 

Les résultats des cycles de chauffage –refroidissement à l’eau sur des éprouvettes 
cylindriques 10*20 cm2 de béton ordinaire, de béton avec des fibres de polypropylène, avec 
des fibres Alfa et avec des fibres Alfa traitées, sont présentés. Les spécimens vont être 
soumis à des élévations de température avec une vitesse moyenne de l’ordre de 8°C/min 
jusqu’à des paliers de température (maintenus 3 h) de 100°C à 800°C avec des pas de 
100°C. Les résultats montrent une dégradation de la résistance à la compression absolue 
et relative des différents types de béton avec une amélioration de ces résistances pour les 
bétons fibrés. 
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Alumina sludge characterizations and applications in construction 
materials: a review 

HajarKourtia, Mohammed Dahhoua,*, Mohammed El Moussaouitia , NacerKhachanib, 
Muhammad Azeem Arshadc, Adnane El Hamidia,*, 

aLaboratory of Nanomaterials, Nanotechnologies and Environment, Center of Materials 
Science, Faculty of Sciences, Mohammed V University in Rabat, Morocco 

bLaboratory of Applied Chemistry of Materials, Center of Materials Science, Faculty of 
Sciences, Mohammed V University in Rabat, Morocco 

cSchool of Physical Sciences, University of the Punjab, Lahore, Pakistan 

 

Current drinking water treatment procedures generate a large amount of sludge-
alumina throughout the treatment process. Disposal and storage of these alumina 
sludges are expensive, and they take up a lot of room. Physicochemical features of 
drinking water sludge, environmental impact, and end destinations are all 
reviewed in the present review. The sludge's chemical composition consists mostly 
of aluminum and silica hydroxides, and minor proportions of iron, calcium, 
potassium, and magnesium hydroxides, which might result in alumina sludge with 
intriguing physicochemical features.On a worldwide scale, several methods for 
reusing sludge in construction materials have been tested, including the 
manufacturing of Portland and belite cement, as a substitute in cement mortars, 
the creation of concrete, and the production of bricks and ceramic materials.The 
present investigation reveals that drinking water sludgecan constitute an 
interesting source of local raw material,rich in alumina with a dryness of 20% that 
does not require grinding and saves energy costs for the cement industries where it 
can be used to prepare interesting clinker, brick, and ceramic varieties. The latter 
products, with their unique physico-mechanical qualities (lightweight, refractory, 
and great mechanical resistance), are excellent building materials 
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Étude de la compatibilité entre les mortiers autoplaçants de réparation 
et le substrat de béton 

Amar Benyahia 

Université de Saad Dahleb, Département de Génie Civil, Blida, Algérie 
 

 L’échec des réparations des structures en béton est principalement dû à une mauvaise 
sélection du matériau de réparation. Cette étude vise à élaborer des mortiers autoplaçants 
de réparation contenant 0%, 10%, 20% et 30% de poudre de perlite en tant que 
remplacement du ciment et à évaluer la compatibilité entre ces mortiers et le substrat du 
béton. La compatibilité a été évaluée par l'essai de flexion quatre-points sur des poutres 
qui ont été réparées par une couche de 1cm d’épaisseur et conservées dans différentes 
conditions de durcissement similaires à celles habituellement rencontrées sur le terrain. 
Les résultats des essais mécaniques ont montré qu’il est possible de produire des mortiers 
de réparation structurales en remplaçant le ciment jusqu’à 30% de perlite. En outre, les 
résultats de compatibilité ont montré que toutes les fractures se sont produites près de la 
mi-portée des poutres et aucun décollement du mortier de réparation n’a été observé dans 
les différents milieux de cure choisis. 
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RILEM TC 267-TRM: Rapid, Relevant and Reliable (R3) Test, A Promising 
Reactivity Method for Supplementary Cementitious Materials 

Diana Londono-Zuluagaa, Ruben Snellingsb&Karen Scrivenera 
a Ecole Polytechnique Federal de Lausanne, Laboratory of Construction Materials, 

Switzerland 

bVITO, Belgium 

 
A primary aim of RILEM TC 267-TRM: “Tests for Reactivity of Supplementary Cementitious 
Materials (SCMs)” was to compare and evaluate the performance of conventional and novel 
SCM reactivity test methods across a wide range of conventional SCMs. To this purpose a 
round robin campaign was organized to test 10 different SCM reactivity test methods using 
11 “conventional” SCMs covering commonly used materials such as blast furnace slags, fly 
ashes, natural pozzolans and calcined clays. The methods were evaluated based on 1) the 
correlation to the 28 days relative compressive strength of standard mortar bars containing 
30% of SCM as cement replacement and 2) the interlaboratory reproducibility of the test 
results. The compressive strength benchmark was carried out in 6 different laboratories each 
using a different local Portland cement of the same performance class (CEM I 42.5N/R). 
None of the standardised tests showed acceptable correlations (R2 > 0.85) across all SCMs, 
the Chapelle and modified Chapelle test showed poor interlaboratory reproducibility, 
demonstrating experimental issues in maintaining the test conditions. Methods that 
performed best and were capable to give good correlations used SCM-lime-alkali-
sulfate/carbonate (R3) model systems to isolate the reaction of the SCM while measuring 
easily accessible properties such as heat release by calorimetry or bound water by 
temperature treatment.  After the first step, the second objective RILEM TC-267 TRM was to 
deeper investigate the R3 test in order to further improve the correlation with strength and 
the reproducibility between laboratories. This improvement was made possible by 
optimizing the protocols of these tests. Different parameters were investigated, from the mix 
design of the R3 test to the influence of the mixing conditions and the drying step procedure 
for the bound water test.  As a third and last step, the aim of RILEM TC-267 TRM was to 
apply that improved protocol in a wide range of commercial Suplementary Cementitious 
Materilas - SCMs. With these results were improved the statistic and correlation between the 
reactivity by heat release or bound water with compressive strength at 28 days. 
Corresponding Author: diana.londonozuluaga@epfl.ch 
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Effect of wood waste powders on the mechanical properties of 
concrete 

O. Bourzik1, N. Akkouri1, K. Baba2 and A. Nounah2 
1Civil Engineering and Environment Laboratory (LGCE), Mohammadia Engineering School, 

Mohammed V University, Rabat, Morocco 
2Civil Engineering and Environment Laboratory (LGCE), School of Technology-Sale, Mohammed 

V University, Rabat, Morocco 

 

The increased concern for the preservation of natural resources has led to the 
development of new technologies for the reuse of industrial by-products in the 
construction sector. The objective of this paper is to evaluate the mechanical properties 
of concrete containing wood waste powders (WWP). A group of five concrete mixtures 
with wood waste powder sand replacement rates of 0%, 1%, 1.5%, 2%, and 2.5% were 
evaluated for workability, density, ultrasonic pulse rate, and compressive strength. The 
test results showed that the workability, density and compressive strength of the 
concrete decreased with increasing proportions of WWP. The resulting concretes can be 
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used for many applications such as wall or floor construction, sub-bases for highway 
pavements and various structures where strength is not an important factor. In 
conclusion, the use of PDB is a viable source of raw materials for the construction 
industry as well as an environmentally friendly solution for the disposal of WWP that 
would contribute to the conservation of natural aggregate reservoirs. 
Corresponding Author: oumaimabourzik27@gmail.com 
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Investigation on the physical properties and compatibility of 
Moroccan composite cement based on fly ash and limestone 

Nisrine El Famia*,  Ali Boukharia and Abdeljebbar Diouria 
a Laboratory of Applied Chemistry of Materials, Center for Materials Science, Faculty of Science, 

Mohammed V University, Rabat, Morocco 

 

For several years, the protection of the environment through an ecological and rational 
management especially for industrial waste has become a major concern. Moroccan 
cement industries are required to produce different types of composite cements by 
adding different by-products. In this paper, we present the results for the production of 
composite cements from a mixture of clinker, gypsum and limestone, with the addition of 
fly ash in the proportions weight of: 5%, 7% and 10%. The results of the chemical, 
physical and mechanical tests are discussed and show that the addition of fly ash in a 
small percentage leads to an improvement in clinker milling by reducing the time 
required to reach particle sizes below 80 µm sieves. The resistances developed in the case 
of cement with fly ash are comparable to cement without addition and comply with 
Moroccan standards. 
Keywords: Fly ash; Limestone; Cement; Mortars; Mechanical behaviour; Grinding 
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Performance Evaluation of Treated Coconut Fibre in Cementitious 
System 

1Olonade K. A. and 2Savastano Junior, H. 
1Department of Civil & Environmental Engineering, University of Lagos, Nigeria 

2Research Nucleus on Materials for Biosystems, University of Sao Paulo, Pirassununga, Brazil 

 

Coconut fibre is commonly used as reinforcing material in different matrices. Previous 
studies have not isolated effect of cementitious media on the performance of coconut fibre. In 
this study high concentrated cement pore solution (CPS) was prepared and coconut fibre was 
soaked in it to mimic worst condition of cementitious medium. Four coconut fibre samples 
were studied; the first was untreated fibre (NT), the second sample was NaOH treated fibre, 
while the third and fourth samples were NT and NaOH fibres soaked in CPS for 28 days.  
Each fibre was characterized by determining their physical properties (density and cross-
sectional areas) and mechanical properties (elongation, tensile strength and yield stress). 
Hydrophilic/ hydrophobic characters were determined by measuring contact angles in 
water, while surface morphology of the fibres samples was studied with the aid of scanning 
electron microscopy. EDS was used to determine the elemental composition of the fibres, 
while Thermogravimetric analysis was performed to assess thermal stability of the fibre 
samples. Crystallinity of the fibres as well as their functional group composition present in 
each fibre sample were determined using XRD and FTIR respectively. All the tests were 
conducted in accordance with the relevant standards. The results showed that fibres treated 
with NaOH and those exposed to CPS had higher densities (1.94 g/cm3) than untreated fibre 
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(1.64 g/cm3), while the tensile strength was greatly increased by about 120%. SEM images of 
the fibres indicated that NaOH and CPS caused removal of lignin and hemicellulose, making 
the lumens to be smaller compared to untreated fibre. Similarly, crystallinity of the fibre was 
increased due to NaOH and CPS treatment compared to the untreated fibres. CPS was found 
to improve thermal stability of the fibres. It was concluded that CPS did not pose any threat 
to performance of fibre.  
Keywords: crystallinity, tensile strength, surface morphology, density, hydrophilic and cementitious 
medium.  

Corresponding Author: kolonade@unilag.edu.ng ; olonade1431ah@gmail.com 
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Thermal conductivity of composite cements containing olive waste 
ash 

Zahra EL Kasmya, Nisrine EL Famib, Kamal Gueraouic , Mohammed Cherraja 
a Mohammed V University, Department of physics, Rabat-Morocco 

b Mohammed V University, Department of chemistry, Rabat-Morocco 

cUniversity of Ottawa, Department of physics Ottawa-Canada 

 

Morocco is a country renowned for its olive cultivation, which has resulted in large-scale 
production of olive oil. The resulting enormous quantities of olive waste constitute an 
environmental challenge in the country. Biomass is a renewable energy source that can 
make a significant contribution to reducing the consumption of fossil fuels. The use of 
agricultural or agro-industrial wastes such as olive by-products is particularly relevant. 
The aim of this investigation is to evaluate the physico-chemical properties of olive waste 
ash (OWA) in order to assess the thermal properties of Moroccan Portland cements 
blended with OWA in order to preserve the environment, reduce cement consumption 
and decrease costs. OWA is prepared by burning large quantities of olive waste in a 
furnace and grinding the resulting product. To study the impact of olive ash on the 
thermal conductivity of composite cements, different proportions weight of OWA; 5%, 
10% and 15%, were used. The experimental study revealed that the addition of OWA 
decreases the unit weight of the cementitious materials. In addition, the thermal 
conductivity of the composite cements was improved. The thermal insulation effect of 
OWA is very interesting and reveals a high and exciting potential for future 
development. 
Corresponding Author:Zahra.elkasmy@gmail.com 
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Mechanical activation of fly ashes for utilization in Moroccan 
Portland cement 

Nisrine El Famia*, Ali Boukharia and Abdeljebbar Diouria 
a Laboratory of Applied Chemistry of Materials, Center for Materials Science, Faculty of Science, 

Mohammed V University, Rabat, Morocco 

 
Recently global warming, greenhouse gas and climate change have become a major and 
prominent topic of discussion in the general media. The cement industries are the most 
important producers of (CO2) after fossil fuels and land use change. The production of 
cement emits about 6-8% of the world's CO2 emissions into the atmosphere. The 
reduction of the amount of cement in the cementitious materials is a major challenge for 
researchers. The objective is to replace it with environmentally materials such as fly ash 
(FA). The main objective of this research is to evaluate the effect of chemical composition 
and the role of mechanical activation on the compressive strength of mortars 
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incorporating FA. Two different sets of mortar admixtures are produced with FA from 
different sources at a level of 10%, 20%, 30%, and 40% (by weight) in replacement of 
cement and at a water-binder ratio (W/B) of 0.5. The results indicate that mechanical 
activation of FA improves particle fineness and increases silica and alumina content in 
the blended cement. The mechanical strength of activated FA blended cements is higher 
than non-activated FA blended cements. 

Keywords: Fly ash; Cement; Mechanical activation; Mortars; Grinding 
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Mechanical properties of Portland cement blended with high volume 
fly ash activated by alkali sulfates 

Nisrine El Famia*, Ali Boukharia And Abdeljebbar Diouria 
a Laboratory of Applied Chemistry of Materials, Center for Materials Science, Faculty of Science, 

Mohammed V University, Rabat, Morocco 
 

The production of traditional cement consumes massive mineral resources and intensive 
energy. Considering these problems, the use of industrial by-products is essential to 
reduce disposal costs, mitigate environmental risks and ensure sustainable development. 
One of the best ways to reduce the environmental impact of the cement and concrete 
industry is to use supplementary cementitious materials, such as fly ash (FA), in binder 
mixtures. The materials containing FA exhibit a wide range of properties compared to 
ordinary Portland cement.  When high FA contents are used as a cement replacement, 
the compressive strength of mortars is reduced. Therefore, such admixtures necessitate 
activation. This study reports the results of an experimental investigation to find out the 
effect of chemical activation of Portland cement blended with 40% by weight of class F 
FA. Two chemical activators were used in this study Na2SO4 and K2SO4. The activation 
with Na2SO4 leads to an increase in the reactivity of the blended cement. Activating with 
Na2SO4 contributes to a significant increase in strength at both the early and later ages. 

Keywords: Fly ash; Cement; Alkali sulfate; Mechanical behaviour 
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Etude prédictive de la diffusion des ions chlorures dans le béton 
N. Benmohameda, L. Benzina Mechmechea And M. Ben Ouezdoua 

a Université de Tunis-El Manar, Ecole Nationale d’Ingénieurs de Tunis, LR-03-ES05 Laboratoire 
de Génie Civil, Tunis. Tunisie. 

 
Les ouvrages et les constructions situées en sites maritimes ou bien en sols contaminés 
par les sels, présentent souvent de multiples problèmes de point de vue structural 
(fissuration, corrosion etc.). L’étude de la durabilité du béton dans ce type 
d’environnement, s’avère fondamentale pour le contrôle, la protection et la planification 
des réparations éventuelles. La diffusion progressive des sels chlorures à travers 
l’enrobage en béton dégrade ses propriétés mécaniques et physiques, conduit à plus long 
terme à la corrosion des armatures d’acier et à la réduction de sa durée de vie. Cette 
étude présente un suivi de l’état du béton continuellement attaqué par les chlorures ainsi 
qu'une prévision de la variation dans le temps de la concentration de ces sels en milieu 
interstitiel.  

Expérimentalement, les éprouvettes prismatiques en micro béton, de dimensions 4x4x16 
cm3 ont été vieillies en adoptant le protocole des cycles d’immersion - séchage suivant : 
15 jours d’immersion totale dans un milieu simulant l’eau de mer: une solution de 
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chlorure de sodium à 30g /litre et 15 jours dans une étuve à la température 45°C. Les 
profils de concentration en chlorures sont périodiquement établies en se basant sur la 
technique de titration par le nitrate d’argent (RILEM TC 178 - TMC). Ce procédé 
comprend trois étapes essentielles : le broyage de l'échantillon de béton extrait de 
l’éprouvette, l'extraction des chlorures et enfin le dosage de la solution recueillie.  

Numériquement, la résolution de la deuxième loi de Fick au moyen du logiciel Matlab, a 
permis de proposer une prévision à moyen terme de la concentration des chlorures 
diffusés dans le béton et de proposer une distribution spatiale des chlorures à l’intérieur 
de l’éprouvette. La comparaison des valeurs numériques obtenues à celles 
expérimentales déduites du procédé de titration a permis de critiquer les hypothèses de 
l’étude et de critiquer le modèle de diffusion choisi.  

Corresponding Author: mongi.benouezdou@enit.utm.tn 
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Biocalcifying bacteria as a durable and sustainable solution for the 
improvement of cementitious materials 
Olja Šovljanskia, Ana Tomića, and Siniša Markova 

a University of Novi Sad, Faculty of Technology Novi Sad, Department of Biotechnology 
and Pharmaceutical Engineering, Novi Sad, Serbia 

 

The concrete industry is one of the largest industries in the whole industry sector in the 
world. Consumption of concrete is estimated to be 30 Gt yearly, while the involvement of 
cement production in CO2 emission is about 7% of the total emission of this gas in the 
atmosphere. Therefore, self-healing technologies in the field of cement-based materials 
represent a solution for decreasing the rate of repairing of existing concrete-based 
infrastructure units as well as decreasing of production a new amount of cement for 
repairing. The self-healing phenomenon represents the simultaneous effect of 
autogenously potential for self-renewal of cement-based materials and bacterially 
induced calcite precipitation. Except for metabolic activities and carbonate ions 
production, viable bacterial cells generate calcium ions but also act as nucleation 
centres. Therefore, the aim of this research is directed to the proof that alkaline and 
sporogenic bacteria isolated from calcite soils have biocalcifying potential to be a 
solution for improving the self-healing effect of cement-based materials. A total of 5 
alkalophilic, sporogenic Bacillus muralis, B. lentus, B. simplex, B. firmus, and B. 
licheniformis were subjected to kinetic study in the optimal nutrient medium (Urea-
CaCl2 broth) which represent the optimal nutrient medium for inducing CaCO3 
precipitation. The measurable outputs were the amount of biogenic CaCO3, pH variety, 
and calcium concentration. The precipitates were, washed with distilled water, and 
dried to constant mass. The pH value was measured by pH meter HI HI99161 while the 
concentrations of free calcium ions were detected by Spectra 220FS atomic absorption 
spectrophotometry. For evaluation of biomineralization capacity, bacterially induced 
calcite precipitation was followed for 14 days for all selected bacteria as one of the main 
responses of the MICP efficiency was taken an amount of the precipitate. Within the first 
6 hours after inoculation, the occurrence of CaCO3 deposits was noticed for altogether 
experiments except in the case of B. muralis, where the precipitate was observed within 
the first 24 hours. The only bacterial strain that stood out in inducing rate, as well as the 
amount of precipitate, was B. licheniformis. This bacterium induced about 0.5 g of pure 
CaCO3 per 100 mL nutrient medium after 5 days. Using an effective Bacillus strain such 
as Bacillus licheniformis, that can induce the desired amount and characteristics of 
CaCO3 precipitate in variable environmental conditions, offers potential for high-
efficiency processes in different fields such as civil engineering, bioremediation, and 
biotechnological applications, geotechnical and ecological engineering, bio-based 
solution for soil, sand, cement-based matrix, etc. 

Corresponding Author: oljasovljanski@uns.ac.rs
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Effect of thermal treatment on mechanical properties of sustainable 
composite: experimental and simulation study 

I. Ouchtea,b, J. Chafiqa , M. Ait El Fqiha and H. Chakirb 
a Laboratory of Artificial Intelligence & Complex Systems Engineering (AICSE), ENSAM, Hassan 

II University of Casablanca, Morocco 
b Subatomic Research and Applications Team, Department of Physics, LPMC-ERSA, Faculty of 

Sciences Ben M’Sik, Hassan II University, Casablanca, Morocco 

 

The aim of this work is to accurately characterize the thermomechanical behavior of 
jute-polyester composites. The thermal characteristics and the mechanical properties are 
determined over a temperature range going from ambient to 100°C. The effect of 
temperature on the specimen tensile breakage was investigated in order to determine the 
ability of this composite to maintain its mechanical résistance. It was observed that 
Young's modulus and tensile strength depict an increase of about 80%when the 
temperature rises from ambient temperature to 60°C and a decrease for a temperature 
range from 60°C to 100°C. The numerical simulations, based on FEM analysis, provided 
results in good agreement with the experimental data in terms of stress-strain curves. 
These simulations were achieved using ABAQUS explicit finite element code. The 
increase and decrease of the mechanical properties were attributed to a modification of 
the adhesion forces at the fiber/matrix interface. 
Keywords: Jute fibers ; Composites ; Tensile Strength modulus ; X-ray Computed Tomography; 
MEB;  Finite element analysis (FEA). 
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Modified mesoporous silica and its influence on selected properties of 
cement pastes 

Maciej Szeląga, Rafał Paneka, Joanna Fronczyka, Martyna Janeka 
a Lublin University of Technology, Faculty of Civil Engineering and Architecture, 

Nadbystrzycka Lublin, Poland 

 

Cement composites are the most widely used building materials in the world. Thus, their 
production and use has a huge impact on the environment. For example, the cement production process is 
responsible for about 8% of the global CO2 emission. For this reason, many scientists are investigating the 

y of replacing and reducing the cement content in cement composites using additives and admixtures 
often obtained through the recycling process. The authors studied the possibility of using mesoporous silica with 

41 structure type as a multifunctional admixture for cement composites. At the Faculty of Building and 
Architecture of Lublin University of Technology (Poland), the MCM-41 was manufactured from the waste 
solution after the production process of synthetic zeolites from fly ash. This significantly influenced the reduction 

41 production costs and the search for new potential directions of its application. In this study, the 
authors investigated the effect of MCM-41 in its pure and modified form on selected characteristics of cement 

41 was functionalized with commonly used admixtures in the concrete technology, i.e., the 
based hydrophobizing agent, triethanolamine (organic setting time accelerator), ferric nitrate 

(inorganic setting time accelerator), and gluconic acid (liquefier). Initially, the effectiveness of the MCM-41 
modification was determined by performing its chemical tests using the X-ray fluorescence (XRF) and the X-ray 
powder diffraction (XRD) methods. The next step was to test cement pastes with the modified MCM-41 and 
determination the effect of each modification on selected properties. A total of 6 series of cement pastes were 
tested (pure cement paste, cement paste with pure MCM-41, 4 series of pastes with modified MCM-41). 
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compressive and tensile strength, apparent density, specific density, tightness and total 
porosity were tested. It was also crucial to determine the effect of modified MCM-41 on the kinetics of cement 
hydration process. For this purpose, the hydration heat and setting time of the cement matrix were measured. 
The results showed that the application of pure MCM-41 and that modified with hydrophobizing agent 
accelerated the cement hydration process and strength build-up to a small extent. Very long setting delay (about 
20 hours) was observed in case of MCM-41 modified with the gluconic acid. Particularly advantageous was the 
use of triethanolamine as a modifier, which resulted in a two-stage accelerated hydration process (total amoun 
of heat released was the highest during the first 60 hours of hydration). In this case, 28-day compressive and 
tensile strengths were 20.6% and 22.2% higher than those of pure cement paste, respectively. The effects of 

41 and its modifications on the tightness and overall porosity of the cement matrix were very similar in 
each case. An average tightness gain of 4.8% was recorded. The study indicated the benefits of MCM-41 
modification. The most favorable results were obtained for cement paste with the MCM-41 modified with 

nolamine. The results provide a basis for further research into the use of mesoporous forms of silica for 
the production of cementitious composites optimized for lower environmental costs.  

Financing: The “Fly ash as the precursors of functionalized materials for applications in 
environmental engineering, civil engineering and agriculture” no. POIR.04.04.00-00-14E6/18-00 
project is carried out within the TEAM-NET programme of the Foundation for Polish Science co-
financed by the European Union under the European Regional Development Fund. 
Corresponding Author: maciej.szelag@pollub.pl 
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Development, characterization and structural properties of 
modified cement phases incorporating nanocomposites derived 

from Lamellar Double Hydroxides 
Fouad Amor1,2, Abdeljebbar Diouri1,  Adil Bouregba1 and  Petr Hajek2 

1Laboratory of Applied Chemistry of Materials, Center for Materials Science, Department of 
Chemistry, Mohammed V University in Rabat, Morocco 

2Department of Building Structures, Faculty of Civil Engineering, Czech Technical University 
in Prague, Czech Republic 

 
Calcium silicate hydrates (C-S-H) are the main phases resulting from the hydration 
of anhydrous Portland cement and on which the evolution of mechanical properties 
depends. This paper examines the mineralogy and structure of C-S-H in the presence 
of calcined Lamellar Double Hydroxides (LDH) based on Zn, Al and Ti. This 
nanocomposite was synthesized with success by the direct coprecipitation method 
and characterized by XRD. Different samples were prepared and characterized: 
clinker pastes with mixed oxides CZnAlTi varied from 0 to 5% by weight with a 
water/cement ratio of 0.4. The semi-quantitative analysis by XRD indcated that the 
basic elements of the synthesized powder interact in the C-S-H phases which come in 
different forms containing Al and Zn. The structures of the different C-S-H formed in 
the different clinker pastes have been presented. 
Corresponding Author: amorfouad@gmail.com 
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Summary of findings on magnetic orientation of fibres in cement 
composites 

Přemysl Khemla, Kristýna Carreraa, Karel Künzelb, Václav Papežb, RadoslavSovjaka 
a Czech Technical University in Prague, Faculty of Civil Engineering, Prague, Czech Republic 

bCzech Technical University in Prague, Faculty of Electrical Engineering, Prague, Czech Republic 
 

This article summarizes the findings in newly developed technology - Magnetic 
Orientation of Fibres (MOF). New incoming technology MOF can easily and effectively 
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reinforce concrete elements in a specific direction with ferromagnetic fibres using a 
magnetic field. Using this technology, it is possible to provide the required orientation of 
steel ferromagnetic fibres in a fresh mixture of High-Performance Fibre Reinforced 
Cementitious Composite (HPFRC) with the help of a magnetic field. This article aims to 
inform about the existing research that deals with this technology. It summarizes the 
experiments performed, the development of magnetic field generation devices and fibre 
alignment measurement equipment.  
Corresponding Author: premysl.kheml@fsv.cvut.cz 
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Treatment of organic radioactive waste by Stabilization / 
solidification into a cement/Alumina based mortar 

A.Touite1, 2, S. Labied1 2, T. El ghailassi2  and T. Guedira1 
1Laboratory of Organic chemistry, catalysis and environment, Faculty of Science, University 

Ibn Tofail,  Morocco, 
2Unit of Management of radioactive waste, National Center of Nuclear Energy, Sciences and 
Nuclear Techniques (CNESTN), Center for Nuclear Studies of Maamoura (CENM). Kenitra, 

Morocco. 
 

Radioactive organic wastes are generated during nuclear fuel cycle operation, 
production and application of radioisotope in medicine, industry, research… To ensure the protection of 
human health and the environment from the hazard of these wastes, a planned integrated radioactive 
waste management practice should be applied. This work is directed by the Unit of management of 
radioactive waste, national center of nuclear energy, sciences and nuclear techniques “CNESTEN” in 
Morocco, to review recent researches that are concerned with testing and application of different treatment 
options as a part of the integrated radioactive waste management practice. The main aim from this work is 
to highlight a new technics for immobilization of radioactive organic oil wastes. Taking into account, the 
formulations and processes developed in previous works [1-2]. The solidification/stabilization of liquid oil 

based mortar with an add of Alumina particles was studied in the present work. The 
process consists of obtaining a stabilized emulsion of oil in a water solution using an emulsification with 
HLB= 16.7, and then adding 12% of Alumina powder, with sizes of 88 µm, for the absorption step. 
Cement/oil composites have been made with various oil fraction (5, 10 and 15 vol. %). The rigidity and the 
good mechanical properties have been observed with compressive strength tests at 7, 14 and 28 

Corresponding Author azeddine.touite@gmail.com 
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Investigations on the physicochemical and mechanical properties of 
cement matrix reinforced with red clay powder 

Azeddine. Touite1, 2, Soumiya. Labied1, 2, Touria. El ghailassi2, Omar. Benali1 and Taoufiq. 
Guedira1 

1Laboratory of Organic chemistry, catalysis and environment, Faculty of Science, 
University Ibn Tofail, Kenitra, Morocco. 

2Unit of Management of radioactive waste, National Center of Nuclear Energy, Sciences 
and Nuclear Techniques (CNESTN), Center for Nuclear Studies of Maamoura (CENM). 

Kenitra, Morocco. 
 

In this work, the effort is directed to assess the effect of the incorporation of red clay in the 
mortar intended to immobilize the radioactive organic liquid waste. Numerous tests have 
been made to test the behaviour of such mixtures of red clay and cement. The red clay 
comes from the region of Berrechid (Morocco). The cement matrices were prepared by 
mixing Portland cement, sand, water and an addition of red clay powder that ranges 
from 2 to 14% by weight of cement. XRF analyzes were performed on red clay powder, 
cement and cement matrices and XRD analysis was carried out on red clay powder. The 
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mechanical performance of these matrices was evaluated by measuring the compressive 
strength throughout their curing period (7, 14, 21 and 28 days). The results of the tests 
showed that the compressive strength reach more than 39 MPa by addition of 6% of this 
clay, which increases the rate of compressive strength up to 53% compared to the mortar 
solely. The addition of red clay to cement matrix shows better performance in terms of 
containment of radionuclide. 
Corresponding Author: azeddine.touite@gmail.com 
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Investigation of the effect of fly ash on the durability of concrete of the water 
treatment tank exposed to aluminum sulfate and ferric chloride by 

electrochemical impedance spectroscopy 

A. Ech-chebab1*, A. Ejbouh1, M. Galai1, R.lachehab1,T. Belhaj 2 , M.Ebn Touhami1, 
1Laboratory of Materials Engineering and Environment: Modeling and Application, Faculty of 

Science, University Ibn Tofail, Kenitra, Morocco. 
2International Institute for Water and Sanitation (IEA), National office of Electricity and drinking 

Water, Morocco 

 
Some water treatment plants use aluminum sulfate and ferric chloride as coagulants for 
water treatment. These coagulants contain sulfate and chloride ions that lead to the 
degradation of reinforced concrete in water treatment plants. In this study, the beneficial 
effects of adding a large amount of fly ash (25%) incorporated into the concrete under the 
attack of a high concentration of aluminum sulfate (3.5%) and ferric chloride (3.5%) were 
investigated. The test was evaluated by open circuit potential (OCP) and electrochemical 
impedance spectroscopy (EIS). In addition, SEM/EDS were performed to identify 
corrosion products. The results of the OCP and EIS measurements showed that the 
addition of fly ash improves the corrosion resistance of reinforced concrete exposed to 
ferric chloride and aluminum sulfate. In addition, ferric chloride is more corrosive than 
aluminum sulfate.  
Keywords: Concrete, aluminum sulfate, ferric chloride, OCP, EIS. 
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A review on the synthesis of emerging as green designer deep eutectic 
solvents and potential application in material science 

Benvikram Berman and Manoj Kumar Banjare 

MATS School of Sciences, MATS University, Pagaria Complex, Pandri, Raipur (C.G.), 492004, India 

 
Deep eutectic solvents (DESs) as well as closely related ionic liquids (ILs) and have 
emerging as green and sustainable solvents, DESs inexpensive, non-toxic, and recyclable 
nature. DESs are received as potential alternatives to the conventional organic solvents 
with other advantages such as renewability, reusability, biodegradability, nontoxicity, 
large-scale availability, having very low vapour pressure, low flammability and easy in 
preparation. These solvents result from the aggregation between the organic salt 
(ammonium or phosphonium) with a hydrogen-bond donor such as acids, or amides, 
alcohols (combination of either urea or glycerol with choline chloride). To date, the 
availability of inexpensive, green and easy to handle solvents is almost non-existent. 
Therefore, DESs currently awaken growing interest in many research fields. This review 
deals with synthesis of DESs and major applications of this new family of solvents DESs. 
 Corresponding Author: benvikrambarman2@gmail.com

Rabat, Morocco, 24-26 November 2021
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Rheological properties of sonogel and comparison with rheological 
properties of High-Performance Concrete 

Kristýna Carreraa, Přemysl Khemla, Radoslav Sovjáka, Michal Máraa, Petr Konráda, 
Jindřich Fornůseka, Karel Künzelb and Václav Papežb 

a Czech Technical University in Prague, Faculty of Civil Engineering, Prague, CzechRepublic 
b Czech Technical University in Prague, Faculty of Electrical Engineering, Prague, Czech 

Republic 

 

This paper deals with measuring and comparing the rheological properties of sonogel 
and High-Performance Concrete (HPC). The measurements with two different 
instruments were performed. The rheometer Mars IIwas used for measuring absolute 
data of sonogel. The comparative measurements of HPC and sonogel wereperformed 
with HAAKE VISCOTESTER iQ. The flow curve test and stress growth test were 
performed.The thixotropy behavior of sonogel was investigated as well. The results 
are presented in the context of themagnetic orientation of fibers in cement composites 
Corresponding Author: kristyna.carrera@fsv.cvut.cz 

 

 

P1-196 

 

 

 

 

 

 

 

 

 

 

 

The creep of self-compacting concrete 
Bensalem Sara1, Amouri Chahinez1, Belachia Mouloud2 and Belkadi Abdelraouf 3 

1University of Constantine1, Department of civil engineering, Constantine, Algeria 
2University of 20 Août 1955, Department of civil engineering, Skikda, Algeria 

3University of Mohammed El-Bachir Ibrahimi, Department of civil engineering, Bordj Bou 
Arreridj, Algeria 

 
Creep of concrete is a complex problem due to the complexity of the materials. The aim of 
this paper is to evaluate the endogenous and drying flexural creep of self-compacting 
concrete beams under a constant four-point bendingstress. Three sets of beams, with the 
same basic formulation (W / C ratio, paste volume), were made by using three different 
fines namely limestone powder (SCCL), marble powder (SCCM) and glass powder 
(SCCG). In addition, the tests of compressive strength, four-points bending strength and 
elastic modulus were performed. The results indicate that the total replacement of 
limestone powder by glass powder reduces the total creep. While the total replacement of 
limestone powder by marble powder increases it. 
Corresponding Author: bensalem.sara2@gmail. com 
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Technico-economic interest of using an Expanded Silico-Limestone 
Alternative Material in buildings 
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With the unprecedented development of the construction market in Morocco, new needs 
are emerging. In addition to being resistant and durable, buildings must ensure a certain 
level of comfort, especiallywith the appearance of the new thermal building regulations in 
2012. The requested thermal efficiency for new buildings leads to use new materials. 
These materials must also allow high execution rates of the construction works.In recent 
years, many researchers have conducted studies on autoclaving cellular concrete. The 
literature review shows that this material provides good thermal and acoustic insulation, 
and is very durable. It develops low shrinkages, and has good resistance to freeze/thaw 
and to fire. The main goal of this study is to verify the techno-economic interest of using 
an Expanded Silico-Limestone Alternative Material (or Autoclaving Cellular Concrete, 
ACC) as a new construction concept. An investigation was also conducted on the pace of 
work execution when ACC is used.A comparative study was carried out to evaluate the 
difference between using the classic construction approach based on reinforced concrete 
and the new concept based on the use of ACC.In coordination with Holding Al Omrane, a 
typical R+3 building was modeled as a BIM model with the two variants. The exploitation 
of these BIM models proves the usefulness and importance of the deployment of this new 
construction concept in Morocco. The results of the thermal simulation carried out show 
that ACC increases the thermal insulation of building walls, increases the thermal inertia 
of the elements, and thus improves thermal comfort.4D planning via BIM also shows that 
the use of ACC allows construction works to be completed twice as fast as when reinforced 
concrete is used. This is due not only to the prefabrication and light weight of the ACC 
blocks, but also to the fact that this new construction method allows faster installation of 
the various electricity and plumbing networks. In addition, the thermomechanical 
properties of ACC blocks make it possible to optimize the design of buildings and thus 
significantly reduce construction costs. Autoclaving cellular concrete is a promising 
material which can be more environmentally friendly, more energy efficient, and even 
less expensive than conventional reinforced concrete. 
Corresponding Author: lahlou@ehtp.ac.ma 
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Physico-chemical characterization of composite clays "Coal waste-
Olive pomace" of different granularities 

M. Harrami1, N. El Fami1, A. Moussadik1, N. Khachani1, M. Taibi2, A. Diouri1 
 

1 Laboratory of Applied Materials Chemistry, Faculty of Sciences, Mohammed V University in 
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2 Laboratoire de Physico-Chimie des Matériaux Inorganiques et Organiques (LPCMIO), Ecole 
Normale Supérieure (E.N.S), Mohammed V University in Rabat,  Morocco 

 

The problem of pollution at the local level has always been a challenge for developing 
countries. The example of discharges from the olive oil industry in rural areas causes 
soil contamination by poly-phenolic fats, causing asphyxiation of the terrestrial 
ecosystem. Moreover, mining waste, such as that of coal waste, represents also the 
risk of runoff of acids and toxic elements of heavy metals or sulphates, which infiltrate 
into the water tables. In this paper, we study the influence of granularity on the 
sintering of a clay composite made from Olive pomace and waste from the coal mine 
of Jerada, in the elaboration of bricks according to a less expensive process and more 
respectful of the environment. Different grain sizes fractions are studied separately 
and analyzed by X-ray fluorescence, X-ray diffraction, ICP-MS and Infrared 
spectroscopy. These analyzes showed that the studied waste, contain essentially a 
mineral part formed by silica and various clays, as well as coal’s residues. These 
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 minerals are generally found in building materials. Therefore, we can recycle and 
enhance the civil engineering sector: cements, bricks and ceramics. 
Corresponding Author: harrami.07@gmail.com 
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Recovery of Tire Rubber Waste after UV Treatment as a Recycled 
Aggregate in Cementitious Composites 

Roberta Celestinoa and Mostafa Galal Aboelkheir*b 
a,b São Judas Tadeu University, Civil Engineering Graduate Program, Brazil 

 
Rubber is an extremely important source of raw material for the world industry, 
being used for various purposes. This diversification of applications is due to the 
vulcanization process that rubber undergoes to acquire an increase in its mechanical 
properties. A large amount of tire rubber is incorrectly discarded due to a lack of 
recycling alternatives, thus increasing the risk to the environment and public health 
around the world. One of the alternatives for valuing rubber is its use in civil 
construction by inserting it in cement matrices. If the crushed rubber is treated by 
physicochemical methods before mixing it with cement, possible improvements in the 
mechanical, thermal and acoustic properties of the cementitious mixtures can be 
achieved. This work has as main objective to prepare a coating mortar through 
volumetric replacements of 5, 10, 15 and 20% of the fine aggregate by crushed tire 
rubber and treated by ultraviolet irradiation. Rubber samples were submitted at 
different times of exposure to UV irradiation for 12 hours. After treating the rubber 
samples, the compressive strength, flexure strength and dynamic elasticity modulus of 
the rubber-modified mortar were characterized. From the findings, it was observed 
that the greater the addition of rubber to the mixture, the lower its dynamic modulus 
and mechanical strengths, as well. The specimens with 20% of substituition registered 
the lowest modulus value, which indicates that the material produced from this 
composite has greater deformability compared to other mixtures. Analyzing the 
mechanical tests, it was observed that with the addition of rubber to the mixture there 
was a decrease in compressive strength. This is due to the fact that rubber is 
hydrophobic, making it difficult for water to migrate into the mixture, and 
consequently, decreasing the resistance of the mixture. In addition to the ductile 
nature of rubber itself, which behaves as a void within the mixture and does not help 
in load transition from one point to another, causing greater cracking. 
Corresponding Author: mostafa.aboelkheir@saojudas.br 
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Influence of the water/cement Ratio (w/c) on the Mechanical 
Properties of Rubberized Cementitious Composites 
José Gonçalves de Lima Júniora and Mostafa Galal Aboelkheir*b 

a,b São Judas Tadeu University, Civil Engineering Graduate Program 

 
The recycling of waste tire rubber is hampered by the lack of proper techniques due to its 
cross-linked and complex chemical nature. Rubber has a slow rate of degradation due to 
its cross-linked structure. This causes environmental pollution and health risks (zika, 
dengue and chikungunya). One way of recycling waste tires is their crushing, generating 
crumbs and rubber powder, which can later be inserted with or without prior treatment 
into polymeric or cementitious matrices as recycled aggregate. Rubber as recycled 
aggregate can add to cement-based mixtures new properties derived from it, such as 
improving ductility, damping ratio and energy dissipation within the mixture. This work 
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aims to study the influence of the water/cement ratio on the mechanical properties of 
cementitious composites with 15% tire rubber powder, through volumetric replacements 
by fine aggregate. Three w/c ratios were applied for the rubber and control mixtures, 
0.52, 0.48 and 0.44. In case of conventional mortar, the compressive strength tends to 
increase with the reduction of the amount of water in the mixture due to the greater 
amount of cement to be added and greater packing of hydrated particles. The control 
mixture with a/c = 0.44 achieved an average strength 8.6% greater than that of a/c = 
0.52. on the other hand, in case of rubberized mortar, by decreasing the w/c ratio in the 
presence of hydrophobic rubber, water does not easily migrate into the mixture, having as 
an obstacle the rubber particles, which, in turn, end up covering the anhydrous cement 
grains, decreasing the resistance. In addition to the ductile nature of rubber itself, which 
behaves as a void within the mixture nor transfering the load from one point to another, 
leading to faster cracking. The mixture "0.52 with rubber" is highlighted for achieving 
greater compressive strength, when compared to its category of rubberized mortar 
studied in this work, and also for presenting a drop in the dynamic modulus of elasticity 
by 48% compared to the respective mixture of control “0.52 without rubber”. Thus, the 
mixture “0.52 with rubber” was considered the most resistant in terms of mechanical 
behavior. 
Corresponding Author:mostafa.aboelkheir@saojudas.br 
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Sustainable Approach of Applying Previous Treatment of Tire Wastes 
as a Raw Material in Cement Composites: Review 

Fellipe Rodrigues Andréa and Mostafa Galal Aboelkheirb 
a,b São Judas Tadeu University, Civil Engineering Graduate Program 

 

Rubber as an elastomer is difficult to recycle due to the curing process that undergoes in 
its various applications, highlighting vulcanization. Tires, particularly, represent a 
significant amount in disposal of rubber, due to the growth of automobile industry over 
the last decades. Several researchers have been studying the its use on civil construction, 
and in concrete. The results obtained in the researches, with scrap tire rubber as received 
replacing the concrete constituents, indicated significant reductions in the compressive 
and flexural strengths, as well as in elasticity module. On the other hand, due to the high 
capacity of rubber to dissipate energy, rubberized concretes may be suitable for 
architectural application, false facades, stone baking, interior construction, in building as 
an earthquake shock wave absorber where resistance to impact or explosion is required 
and as roof top surfaces for insulation and waterproofing. Various studies highlighted the 
potential of rubberized concrete acting as a cushion due to its high impact resistance. The 
use of recycled rubber in Portland cement concrete is not technically successful as in 
asphalts mixtures due to the incompatibility issues caused by chemical composition and 
stiffness. After observing the drawbacks caused by the rubber’s addition, researchers 
evaluated their causes, and the main reason was the poor adhesion between cement paste 
and rubber particle, due to the chemical difference in the polarity of the materials, that 
affects the cement hydration. Meanwhile, some authors are intended to perform some 
treatments on the rubber material to enhance the interfacial adhesion with cement 
hydration products and reduce or eliminate the negative effects while keeping the 
beneficial effects of waste rubber as an aggregate. Despite of a great loss in strength using 
tire particles as aggregate in concretes, it was accepted in various applications requiring 
medium to low compressive strength. On the other hand, rubberized concrete strength 
may be improved by improving the bond properties of rubber aggregates. Some studies 
highlighted this possibility by pretreating the rubber. 
Corresponding Author: mostafa.aboelkheir@saojudas.br 
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Enhancement of Adhesion Properties between Cement Matrices 
and Saturated Substrates with Asphalt Mat by Compatibilizing 

Agentes 
Guilherme Gançasa and Mostafa Galal Aboelkheir*b 

a,b São Judas Tadeu University, Civil Engineering Graduate Program 
 

Maintenance of construction elements is a necessary intervention action; preventive 
and corrective, which directly interferes with durability, lifetime performance. The 
same goes for reservoirs, where the waterproofing system makes it watertight, 
guaranteeing the potability of the stored water, an essential situation for the ideal 
conditions of an enterprise. The old projects have, mainly, waterproofing with 
asphalt blanket in their reservoirs, when entering the maintenance schedule to 
revitalize the waterproofing system, the companies adopt the application of 
cementitious waterproofing agents, such as Polymeric Mortar and Acrylic Polymer 
Membrane with cement, where they have chemical incompatibility that prevents 
good adherence to the substrate saturated with asphalt emulsion and asphalt mat 
traces. This work aims to determine the best method for creating bonding bridges 
between the standardized substrate covered with asphalt mat and the cementitious 
composite added with four different types of compatibilization agentes applied in 
cement:sand:additive:water as 1:1:0.5:0 and 1:1:0.25:0.25. The additives are Epoxy 
primer for wet bases; Styrene-Butadiene emulsion (SBR); Vinyl copolymer and 
Acrylic-based emulsion. After curing, to guarantee the perforation of all applied 
layers in an integral and standardized way, three holes with an exact internal 
diameter were perforated for all the plates, with and without the agents, to perform 
the adhesive tensile test by a dynamometer. The results show that the adhesive 
strength of the asphalt mat on the substrate equals 0.2 MPa, limit of the related 
standard, was met by all plates. All mixtures showed an increase in the adhesion of 
the cementitious material to the asphalt mat, when the additive concentration is 
increased. Only plates with Vinyl-0.50, SBR-0.50, Acrylic-0.25 and Acrylic-0.50 
registered average strengths greater than 0.50 MPa, the minimum requirement of 
the related standard, and higher than the REF plate by 36%, 16%, 22% and 56%, 
respectively. The rest of the plates failed. Therefore, the influence on the performance 
in the adhesion of the composite to the asphalt mat is directly linked to the type of 
compatibilizing agent, as well as its concentration. 
Corresponding Author:mostafa.aboelkheir@saojudas.br 
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Effect of silica fume on cement rheology properties in presence of 
superplasticisers 

Kaci Chalah1,2, M’hamed Mahdad1, Abdelbaki Benmounah2, Rabia kheribeta2, Ali Akouche2
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Algeria 
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boumerdes, Algeria 

 

Abstract. The effect of silica fume (SF) at different mass concentrations (0, 2, 4, 6, 8, 10 %) 
on the ordinary Portland cement (C) paste rheology, in the presence of two types of 
superplasticisers, has been studied. Two types of superplasticisers (PCEs) have been 
conducted which are acrylic copolymer (PA) and modified polycarboxylate (PC), and the 
saturation point of each one was 2% on the amount of cement. The rheological properties 
of which have been defined applying a rotational viscometer with co-axial cylinders were 
yield stress, viscosity and thixotropy. The thixotropy was evaluated by hysteresis loop 
test. The test was performed on paste specimen with 6% of SF at 10, 40 and 70 min. The 
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water/cement report is equal to 0.35. The rheological behavior of cement and C-SF 
solutions was shear-thinning with yield stress. The flow curves were modelled by 
Hurshel-Bulkly law (R2 > 0.99). Hence, it has been noted that the fluidizing effect of the 
organic additives on cement pastes is conditioned by the presence of silica fume addition. 
The yield stress and apparent viscosity of the mixtures were increased significantly. In 
fact, the yield stress and consistence values were higher for samples added with SF than 
for samples with not SF. The results showed, also, in spite of its high yield stress the PC-
admixture fluidising effect on the C-SF paste is more than the PA-admixture one. In other 
hand, the C-6% SF mixture presented a slight thixotropy value in presence of PC-
admixture in comparison with PA-admixture thixotropy.  
Corresponding Author: kaci.chalah@yahoo.fr 
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Dicalcium silicate hydration behavior in the presence of Na2CO3, NaOH, 
KOH and water glass 

A. Bouregba1,  N. Elfami1,  A. Diouri1 and F. Amor  1,2 
1Laboratory of Applied Solid State Chemistry, Faculty of Science, Mohammed V University in Rabat, 

Morocco 
2Departement of Building Structures, Faculty of Civil Engineering, Czech Technical University in 

Prague, Czech Republic 

 

This study analyses the behavior of β-dicalcium silicates (β-Ca2SiO4) hydrated in deionized 
water and with thepresence of 2Mof Na2CO3, NaOH, KOH and water glass. The dicalcium 
silicate was synthesized with laboratory reagents,calcium carbonate and gel silica, and 
hydrated in deionised water and in different alkaline medium, in different periods from7 to 
90 days. The hydrated sample was characterized by X-ray diffraction, infrared spectroscopy 
and scanning electronmicroscopy, whereas the mechanical strength of some samples was 
operated at 28 and 90 days. 

The results show that the contact of the belite cement with liquid phase during hydration is 
strongly influenced by theexistence of alkalis. The early hydration is quickened which can be 
clearly viewed during the dissolution of C2S whichbecomes more fast with a decrease of C2S 
peaks and increase of C-S-H product and also of calcium silicate hydratecontaining sodium 
C-(N)-S-H and potassium C-(K)-S-H. This influence is mainly manifested in the mechanical 
properties ofcement pastes. 
Keywords: Dicalcium Silicate; alkali activator; Hydration; Water glass; Na2CO3; NaOH; KOH 
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Application of Rietveld method in quantitative quantification of the M1 
and M3 of alite polymorphs in OPC clinker 

Dounia Tlamsamania,  Mbark Ait Mouha and Khalid Yamni 
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Ismail University, Faculty of Sciences, Meknes, Morocco 

 

A Full analysis of cement Portland requires the identification of all mineralogical phases 
presents; since the hydraulic properties of cement are related to the mineralogy of phases 
and their percent in the cement. The qualitative and quantitative analyzes of different cement 
components is very important to understand and predict the performance of the resulting 
cement and concrete. Rietveld analysis has been increased in construction domain and it 
considered as an effective tool for quantifying, identifying and studying the microstructure 
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of cement Portland phases. This method makes it possible to qualify and quantify the 
material phases, and it provides even information on the structure and the size of particles, 
which is estimated from the maximum widening of the XRD reflections. This data sheet 
demonstrates that the M1 and M3 polymorphs in clinker can be quantified individually using 
the Rietveld method. The repeatability of the method is such that it allows accurate process 
control of cement production. In recent years the quantification of these two polymorphs has 
become of more interest because of publications claiming differences in the reactivity of 
synthetic M1 and M3 alite.  
Corresponding Author: d.tlamsamani@edu.umi.ac.ma 
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Preparation of lightweight geopolymer-based building material from 
waste coal gangue and fly ash 

Azzedine Moussadika, Ayoub Hamamaa, Saadi Mohameda, Abdeljebbar Diouria 
aLaboratory of Applied Materials Chemistry, Center of Materials Science, University of Mohammed V, 

Faculty of Sciences, Avenue Ibn Battouta, BP:1014,10000 Rabat, Morocco. 

 

In recent years, geopolymer, in the family of inorganic aluminosilicate binder, has received 
great attention as a promising green building material while reusing a significant amount of 
industrial waste byproducts. This study presents preliminary results of an on-going research 
project to produce lightweight geopolymer based mortar using two Moroccan locally waste 
materials – coal gangue and fly ash – as aluminosilicate sources. The percentage of 
substitution in the mortar mixture was as follows: coal gangue (25%), fly ash (12%), lime 
(15%), sand (45%) and gypsum (1%). Sodium hydroxide solution (5 M) was used as an alkali 
activator. The results showed that the sample has expanded by 50%. The strengths of the 
samples were tested after 28 days. Experimental results showed that the sample had high 
mechanical strength. Further, the structural features, composition and microstructure 
morphology before and after the polymerization process, were characterized using several 
techniques. 
Corresponding Author:moussadik.azzedine@gmail.com 
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Reuse of concrete and brick waste as a partial replacement of fine aggreg
ate in mortar for sustainable construction 

Imane Raini a,*,Laila Mesrar b, Raouf Jabrane a. 
a Faculty of Sciences and Technology, Sidi Mohamed Ben Abdellah University, Route d’Imouzzer, Fez, 

Morocco. 
b Department of Genie Civil, Laboratory LOMC UMR CNRS, University Havre, France. 

 

The generation of large quantities of construction and demolition waste (CDW) has become a 
major serious socio-economic and environmental problem, for communities worldwide.The 
utilization of CDW as a partial replacement of fine aggregate in cementitiousmaterials may 
provide a sustainable approach to minimize greenhouse emissions, reduces the consumption 
of natural resources, and alleviates landfill scarcity.Up to now, CDW has not been widely 
used in cementitious materials, especially in low-income countries where the development of 
their valorization way is still very limited.This study aims to determine the feasibility of 
using concrete and brick waste (combined form), as an alternative of natural fine aggregate 
in the production of cement mortar. Natural fine aggregate (NFA) has been replaced by 
recycled fine aggregate (RFA), at 0%, 15 %, 30 %, 45 %, and 90 %, by weight. Several tests 
were carried out in order to evaluate the effect of RFA on mortar’s properties. The obtained 
results show that RFA’s mineralogical, physical and microstructural properties are different 
from those of NFA. Nevertheless, the results indicate that the incorporation of RFA at 15 % do 



75

CMSS 2021: International Congress on Materials & Structural Stability 
Eco-Friendly Sustainable and Energy Efficient Materials & Constructions 

 

Rabat, Morocco, 24-26 November 2021 
 

 

 

 

 

 

 

not have any negative effect on the mechanical performance (compressive and flexural 
strength)of the mortars. Furthermore, the microscopic analysis has revealed that the 
incorporation of RFA doesn’t compromise the microstructural properties of the mixes 
mortars at low substitution rates (30%).Overall, this study shows that the use of RFA is 
feasible. Therefore, incorporating RFA as a replacement for NFA leads to environmental 
benefits. 
Keywords: Construction and demolition waste (CDW), Mechanical strengths, Microstructure 
Recycled fine aggregate (RFA), Natural fine aggregate (NFA), Mortar, Cement. 
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Thermal analysis and mechanical behavior of a composite material 
based on fly ash for construction applications 

S. Eladaoui a, M. Elmouzahima, M. El kanzaouia, A. Guenboura, R. Boussena 

aLaboratory of Materials, Nanotechnology and Environment, Faculty of Sciences, Mohammed V 
University in Rabat,  Morocco 

 
The growth of the constructions industry requires new materials, that are expected to satisfy 
some requirements such as strength, lightweight, and durability to replace conventional 
materials used. Composites materials based on by-products from industry can respond to 
those requirements. The present work aims to develop a new lightweight composite material 
based on coal fly ash wastes. For the synthesis of the composite material, fly ash by-product 
powder was mixed with the thermoplastic matrix at different ratios. The compressive 
strength, thermogravimetric analysis (TGA) were investigated, and the water absorption 
and density were measured according to ASTM C373-14. Compressive proprieties were 
found to increase by increasing fly ash content, however, the thermal analysis result 
indicates that the increase of fly ash contents enhances the thermal stability of the composite 
material by its good dispersion and distribution into the thermoplastic matrix.Also, the 
water absorption and density of composite increase with decreasing fly ash content. The 
obtained results indicate that the manufactured composite can be used in construction 
applications. Moreover, the composite material is obtained from fly ash wastes and can be 
totally recycled at the end of its life by the same method. 
Corresponding Author: eladaouisaleh@gmail.com 
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Characterization of phosphate mine waste rocks for a potential use as 
coarse aggregates 

Yahya El Berdai A, Amine El Mahdi Safhi A, Yassine Taha A, Rachid Hakkou A,B Mostafa 
Benzaazoua A 

a Mohammed VI Polytechnic University, EMEC Program, Benguerir, Morocco 
b Faculty of Science and Technology, Cadi Ayyad University, Marrakech, Morocco 

 
The open-pit mining of phosphate generates a huge amount of waste rocks generally 
stockpiled in heaps at the vicinity of the mine. Those materials are mainly composed of 
flintstone, phosphatic flintstone, and dolomitic limestone. A hand sorting of 25 tonnes sample 
of Benguerir mine stockpile revealed that those three lithologies constitute approximately 
50% of the sample. A macroscopic inspection showed that flintstone, phosphatic flintstone, 
and dolomitic limestone appear to be clean, strong, hard, and possess all the necessary 
indicators of adequate aggregates for concrete production. Their valorization could help 
alleviate the stress on natural aggregate resources. The rocks were crushed and sized to the 
n°7 size grading requirement of coarse aggregates (CA) according to the ASTM C33. Their 
physical, chemical, mineralogical, and mechanical properties were determined. The 
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mineralogical, chemical, and petrographic characterization revealed that dolomitic 
limestones composed of an equal amount of dolomite and calcite with a finely grained 
micrite matrix. The dolomitic limestone is a finely crystalline micritic or mudstone. 
Flintstone and phosphatic flintstone mineralogy are well correlated with the chemical 
composition as the major peak is silica for flintstone, and carbonate and apatite of 
phosphatic flintstone. The carbonate calcite that appears in the chemical analysis of the 
phosphatic flintstone is due to the nature of the mineral fluorapatite that is present in the 
form of bioclasts and pellets. The physical characterizations include specific and bulk 
density, water content and water absorption, and the flakiness index. The mechanical 
characterizations include Los Angeles abrasion test and Micro-Deval abrasion loss. The 
characterizations were done according to the European standards. The specific densities 
were in range of 2.49–2.59 t/m3, the water absorption in range of 1.66–2.93%. The flakiness 
index surpasses 24% for the three aggregates. Finally, Los Angeles abrasion loss was in 
range of 20.5–29.5%. The characterization of CA confirms their potential to be used for 
concrete production.  
Corresponding Author:yahya.elberdai@um6p.ma 
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Effect of water with micro-nano bubbles of O2 and O3 on the properties of 
cement composites 

Małgorzata Grzegorczyk-Frańczak 

a Lublin University of Technology, Faculty of Civil Engineering and Architecture, Nadbystrzycka 40, 
20-618 Lublin, Poland 

 
Water containing micro-nano gas bubbles is a type of nanomaterial. Compared to 
conventional bubbles, micro- and nano-bubbles are characterised by high stability in liquid, 
they do not crack or float. Due to their unique physicochemical properties, i.e. long water 
retention time, high pressure inside the bubble, large specific surface area and high mass 
transfer, gas-liquid dispersion systems are of increasing interest in various scientific 
disciplines such as environmental engineering, biomedicine, agriculture, medicine, 
cosmetology. Nowadays, micro-nano gas bubbles are used in water purification and 
treatment technologies, removal of contaminants from various surfaces, disinfection. 
Research shows, that water containing micro-nano ozone bubbles can be effectively used as a 
germicide, steriliser or cleaner. On the other hand, water containing micro-nano bubbles of 
oxygen accelerates plant growth, reduces artificial fertilisers, disinfects and moisturises the 
skin.  In recent years, attempts have been made to find an application of water technology 
containing micro-nano bubbles of various gases in modifying the properties of cement 
composites.  In this study, the effect of water containing micro-nano bubbles of oxygen and 
ozone on the physical-mechanical properties of cement concretes was investigated. The 
dispersion of nano-micro bubbles was performed using ceramic rotating membranes and a 
rotary pump. Water with micro-nano bubbles of oxygen or ozone was used as a substitute 
for ordinary tap water. In order to determine the effect of bubbling water on the physical 
properties of concrete, absorbability and total porosity tests were performed for both 
concretes with ozone and oxygen and for a reference concrete with ordinary tap water. In 
order to determine the mechanical parameters of the concretes, the compressive strength 
was tested after 14 and 28 days of curing. The study showed that the concretes modified with 
water containing micro-nano bubbles of oxygen and ozone achieved significantly higher 
compressive strengths after both 14 and 28 days of curing. It was also observed a lower 
water absorption by weight of the concrete containing micro-nano bubbles by 35% for ozone 
and 63% for oxygen, respectively, compared to the control samples, and an overall decrease 
in total porosity for both modified concretes.  The results obtained are of great importance in 
the technology of nano-additives for concrete. Due to its simplicity of application and 
availability, water with micro-nano bubbles of oxygen and ozone can be a desirable 
substitute for tap water in concrete production and modifier of the properties of cement 
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within the Grant No Szkoła Doktorska-Grant-Małgorzata Grzegorczyk-Frańczak. 
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Evaluating Self-Compacting Concrete Characteristics of Equivalent 
Mortars designed with Volcanic Ecuadorian Cements 

D.A. Oliveros-Rosarioa, F. Naranjo-Herrerab, N.M. Paéz-Florb, F.J. Rubio-Hernándezc 
a Universidade Da Coruña, Escuela Politécnica Superior, La Coruña, Spain 

bUniversidad de Las Fuerzas Armadas, DECEM, Sangolquí, Ecuador 
cUniversidad de Málaga, Departamento de Física Aplicada II, Málaga, Spain 

 
Construction and building activities are currently one of economy’s mainstays in Ecuador. 
Morespecifically, due to seismic activity, the use of self-compacting concrete (SCC) is 
growinglydemanded. Considering the existence of natural and abundant volcanic sources in 
the Andeanregion, research challenges must be focused in to improve the design of SCCs 
using volcaniccements, reducing construction execution times and costs. Insights on the 
formulation of an Ecuadorian SCC using volcanic Ecuadorian cement, severalcommercial 
additives, and a fine aggregate, was carried out recording steady flow curve data with 
aDiscovery DHR2 rheometer (TA Instruments, U.S.A.). Rheological data were obtained at 25 
°Cusing a vane geometry. A pre-shear of 120 1/s for 60 s preceded all rheological tests. 
Viscocrete(Sika) supplied lower yield stress values and positive sign for the second order 
coefficient of themodified Bingham model. Therefore, three different concentrations of this 
additive were finallyselected. The volcanic Ecuadorian cement (Armaduro) was mixed with 
water at a ratio 0.35 w/c and 1, 2, and3 % respect to cement wt. of additive. The sand 
amount was maintained constant for the threeCEMs. Results showed that 2.0 % respect to 
cement wt. was the best additive concentration toobtain a SCC because a conventional 
rheological test (Abram’s cone) supplied a long diameter forthe slump (S > 980 mm), which 
was quickly achieved (T50 = 2.8 s). 
Corresponding Author: deivi.oliveros@udc.es 
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Influence of Particle Size Distribution of a Fine Aggregate in Self-
Compacting characteristics of a Concrete designed with a Volcanic 

Ecuadorian Cement 
L.F. Naranjo-Herreraa, N.M. Paéz-Flora, D.A. Oliveros-Rosariob, F.J. Rubio-Hernándezc 

aUniversidad de Las Fuerzas Armadas, DECEM, Sangolquí, Ecuador 
bUniversidade Da Coruña, Escuela Politécnica Superior, La Coruña, Spain 

cUniversidad de Málaga, Departamento de Física Aplicada II, Málaga, Spain 

 

Self-Compacting Concretes (SCCs) are used in construction and building activities due to a 
varietyof advantageous fresh-state features like workability or low-cost pumping, and hard-
state behaviorslike high-resistance. These properties can be achieved or neared using 
volcanic cements specificallydesigned in Ecuador when the particle size distribution of fine 
aggregates is appropriately selected. Yield stress and plastic viscosity were measured to 
determine self-compacting characteristics inconcrete equivalent mortars formulated 
according with Schwartzentruber and Catherine method(Schwartzentruber and Catherine, 
2000). These two rheological parameters were evaluated with aDiscovey DHR2 rheometer 
(TA Instruments, U.S.A.) obtaining steady flow curves of CEMs. Modified Bingham model 
was used to fit the experimental data. Formulations considered volcanic Ecuadorian cement, 
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0.35 w/c ratio, and 2 % wt of additive. A vanegeometry with small gap (0.8 mm) was used. A 
pre-shear of 120 1/s for 60 s preceded all rheologicaltests. Experiments were performed at 25 
°C. Sand with smaller and smaller particle size was the inert part of CEMs. It was observed a 
transitionfrom shear thinning (maximum sand particle size ~ 2.36 mm) to shear thickening 
behavior (maximumsand particle size ~ 0.30 mm) maintaining constant the specific surface 
area. On the other hand, yieldstress and plastic viscosity decreased with the sand particle 
size. 
Corresponding Author: fenahe@hotmail.com 
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Effet de type de sable sur les caractéristiques rhéologiques et physico-
mécanique des bétons autoplaçants 

Boukhelkhal Aboubakeur , Bouziani Tayeb 
Université de Laghouat, Département de Génie Civil, Laghouat, Algérie. 

 
Le béton autoplaçant est connu pour son homogénéité et sa fluidité, ce qui lui permet de ne 
tenir en place que sous l'influence de son propre poids. La présence des éléments fins en 
quantité importante dans la composition du BAP est plus que nécessaire car ils améliorent la 
fluidité et limitent le risque de ségrégation. La source des particules fines est souvant les 
additions minérales, toutefois il est possible d’utiliser les sables riches en fines à savoir le 
Kaolin, le sable de dunes … etc. Le kaolin à l’état brut est un matériau contenant une quantité 
de fines (< 80 µm) égale à 27%. Ce travail vise à mettre en évidence la possibilité d'utiliser le 
kaolin comme sable en vue d’améliorer les propriétés du béton autoplaçant et de réduire la 
consommation du sable de l’Oued. Pour cela, six mélanges de béton autoplaçant ont été 
désignés et testés. Le mélange de référence contient 100% du sable alluvionnaire, tandis dans 
les autres mélanges le sable alluvionnaire est substitué par de sable de kaolin avec différents 
pourcentages (20, 40, 60, 80 et 100%). Les essais réalisés à l’état frais sont : étalement, 
temps d’écoulement, indice de ségrégation et différence d’hauteurs au J-Ring. A l’état durci, 
trois caractéristiques ont été mesurés : résistances à la compression et à la flexion et 
l’absorption d’eau par immersion. Les résultats obtenus montrent que l’introduction du sable 
de kaolin avec un pourcentage supérieur à 20% nécessité une augmentation du dosage de 
superplastifiant pour avoir la fluidité désirée. L’incorporation du sable de kaolin jusqu’à un 
pourcentage de 80% peut être envisagée sans risque de perdre l’homogénéité du BAP. À l’état 
durci, le remplacement partiel du sable kaolin mène à une diminution des résistances à la 
compression et à la flexion. L’utilisation de sable de kaolin jusqu’à 60% a donné des 
résistances acceptables (supérieures à 25 MPa). Des pourcentages de sable de kaolin de 20% 
à 60% donne des taux d’absorption acceptables (inférieures à 10%). 
Mots clés : sable alluvionnaire, substitution, kaolin, fluidité, résistance, absorption d’eau. 
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Flexural strength recovery of microbiological cement mortars with 
diatomite and brick powder 

Martyna Janeka, Joanna Fronczyka, Maciej Szeląga, Adam Pyzika, Wojciech Franusa 

a Lublin University of Technology, Faculty of Civil Engineering and Architecture, Lublin, Poland 

 

The cracks formation throughout all service life is a major defect of cementitious materials. 
Therefore, it is necessary to search for solutions eliminating this effect. One of the new 
pathways for treating existing cracks and preventing new ones from forming is the use of 
self-healing mortars and concretes. Self-healing effect can be achieved by the addition of 
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bacteria that precipitate calcium carbonate, which fills the cracks. However, bacteria used in 
fresh cement paste face many adverse factors. Various capsules and carrier materials can be 
used to enable the survival of microorganisms.  In this research, the effectiveness of applying 
bacteria Bacillus subtilis immobilized on diatomite and brick powder to induce the self-
healing process in a cement mortar was investigated. First of all, the effect of carrier 
materials, used as a partial cement replacement (0-20%), on the mechanical properties was 
examined. Additionally, for chosen dosage setting time was determined. Thereafter, for 28-
days strength tests, three types of cement mortars were prepared: mortars with carrier 
materials (1) without bacteria,  (2) with immobilized bacteria and (3) with immobilized 
bacteria and selected nutrients (calcium chloride, urea) dissolved in mixing water. In order 
to determine the effect of bacteria and nutrients on the self-healing effect, samples were pre-
cracked at the age of 28-days and immersed in two different environments: water and 
nutrients solution. Upon 28 days curing regain ratio in flexural strength was examined. The 
carrier materials dosage up to 10% of cement mass was found to be optimal, as it reduced the 
compressive strength by 3.7% for diatomite and 11.7% for brick powder. The use of carrier 
materials resulted in setting time reduction of around 20%. Addition of microorganisms 
immobilized on diatomite caused slight increase in compressive and flexural strength. No 
significant changes in flexural strength was observed for samples with bacteria immobilized 
on brick powder, however compressive strength was reduced even by 24 %. The highest 
regain ratio of 25.6% was obtained for samples with addition of bacteria immobilized on 
diatomite and nutrients immersed in nutrients solution. Samples with brick powder showed 
a lower regain ration, reaching a maximum of 18.3% strength regain.  The research 
confirmed the potential use of bacterial strain B. subtilis immobilized on porous materials in 
self-healing mortars. More favorable results were achieved for the mortars with addition of 
bacteria immobilized on diatomite. Obtained results are of great importance and may 
constitute the basis for further research into microbiological self-healing cement composites. 
Financing: The „Fly ash as the precursors of functionalized materials for applications in 
environmental engineering, civil engineering and agriculture” no. POIR.04.04.00-00-14E6/18-00 
project is carried out within the TEAM-NET programme of the Foundation for Polish Science co-
financed by the European Union under the European Regional Development Fund. 
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Laboratory testing methods for the evaluation of cementitious mixtures' 
printability 

I.Tsilikis, D. Kioupis, A. Skaropoulou, K. Aspiotis and S. Tsivilis 
National Technical University of Athens, School of Chemical Engineering, Athens, Greece 

 

3D concrete printing technology is a form of additive manufacturing that has gained a lot of 
interest during the latest years. Its application in the building sector has many advantages 
including time and cost effectiveness, errors reduction and architectural and construction 
customizability. However, its major drawback is the lack of official regulations or guidelines, 
or even some well-defined criteria for the evaluation of materials printability. This research 
work examines the development of an initial framework for laboratory testing and 
evaluation of printing mixtures by common testing methods. More particularly, different 
printing materials were prepared that consisted of cement, silica fume and three different 
chemical admixtures: accelerator, retarder and superplasticizer. The rheological properties 
of the fresh mixtures, such as workability and flowability, were evaluated through flow table 
testing and a lab-scale additive manufacturing process was held to check their extrudability 
and buildability properties. To determine mixes initial setting time a penetration device was 
used (Vicat, ΕΝ 196-3). Finally, compressive strength measurement (EN 196-1) was 
conducted on the harden state of the cementitious materials to estimate their mechanical 
properties. Generally, the addition of any type of chemical admixture improved paste’s 
printing properties and performance. Moreover, results showed that the ideal flowability 
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range of the cementitious mixtures is from 0.20 to 0.25, regardless the admixture type. 
Upper than this range, the printing material is less buildable, meaning that the structure’s 
capability to keep its shape is limited, and lower than this range the material is not 
extrudable, meaning that it is not workable enough to achieve a constant extrusion. The 
addition of 10% silica fume and 1.5% retarder led to printing material with a constant 
flowability close to 0.25 for 30 minutes ensuring a stable extrusion, with doubled initial 
setting time compared to reference cement paste, showing, at the same time, the least 
deformation due to self-weight and weight from the upper layers. Nevertheless, this specific 
cement mixture exhibited slightly worsened mechanical strength by 13%. This research can 
act as a starting point for further scientific work to design a standard framework for the 
evaluation of cementitious materials’ printability based on common methods of cement 
testing.  
Cresponding Author: ioannistsilikis@outlook.com 
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Effet d’agrégats à base des déchets plastiques sur les propriétés 
thermiques des matériaux composites Mortier-Polymère 

N. Latroch1, a,b, A.S. Benosman2,b,c, Y. Senhadji3,d, M. Mouli4,b 

a University of Relizane, Department of Civil Engineering, Algeria, 
 b ENPO Maurice Audin, Departement of Civil Engineering, LABMAT Laboratory, , BP. 1523, El 

Mnaouer, Oran 31000, Algeria. 
c Higher School of Applied Sciences, ESSAT, BP 165 RP, Bel Horizon, Tlemcen 13000, Algeria, 

dUniversity of Mascara , Departement of Civil Engineering, Bp 736 Route de Mamounia, Mascara 
29000, Algeria. 

 

La gestion des déchets plastiques s’avère donc plus qu’inévitable en vue de pallier ce 
problème de pollution qui ne cesse de croitre d'années en années. Toutefois, cela nécessite la 
mise en place des filières de traitement ou de valorisation des déchets. Parmi les difficultés de 
transformation qui nécessite une main d’oeuvre qualifiée, mais cela n’entrave en principe 
nullement d’engager une politique de gestion et de valorisation des déchets pour limiter les 
dégâts écologiques. Parmi les différents types d'approches de la gestion des déchets, on cite la 
réutilisation des déchets et des matières plastiques recyclées dans l'industrie de la 
construction, qui est considérée comme une méthode idéale pour l'élimination des déchets 
plastiques. En raison de sa polyvalence, le PVC a trouvé ses applications dans une large 
gamme d'usages industriels, techniques et domestiques. Les deux tiers environ du PVC 
produit sont utilisés dans la construction : cadres de fenêtres et autres profilés, tuyaux et 
raccords, revêtements de sols, câbles et gaines électriques, revêtements plastiques, 
membranes, applications d'étanchéité et tissus enduits, etc. 

Ce travail de recherche visera, a étudier les propriétés thermiques des mortiers composites 
légers LMEPVC en substituant les agrégats naturels, par des agrégats légers des plaques de 
PVC expansé (EPVC) avec différentes proportions volumiques 0, 15, 25, 50 et 75%. La 
conductivité thermique (λ), la capacité calorifique (Cp), la diffusivité thermique (a) ont été 
mesurées sur les différents mortiers composites élaborés.  L’utilisation d'agrégats d’EPVC 
présente une amélioration de l'isolation thermique et surtout pour le composite LMEPVC75. 
La présente étude montre des résultats tout à fait encourageants et ouvre une nouvelle voie 
pour le recyclage d'agrégats d’EPVC dans les mortiers et les composites de béton. 
Corresponding Author: latrochnoureddine@yahoo.fr 
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Les résultats des cycles de chauffage –refroidissement à l’eau sur des éprouvettes 
cylindriques 10*20 cm2 de béton ordinaire, de béton avec des fibres de polypropylène, avec 
des fibres Alfa et avec des fibres Alfa traitées, sont présentés. Les spécimens vont être soumis 
à des élévations de température avec une vitesse moyenne de l’ordre de 8°C/min jusqu’à des 
paliers de température (maintenus 3 h) de 100°C à 800°C avec des pas de 100°C. Les 
résultats montrent une dégradation de la résistance à la compression absolue et relative des 
différents types de béton avec une amélioration de ces résistances pour les bétons fibrés. 
Corresponding Author: mongi.benouezdou@enit.utm.tn 
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Enhancement the properties of lime mortar based eggshell waste and 
wood ash using sustainable biopolymer (gum Arabic) 

Mohammed Ben Alia*, Hamza El Fadili, , Mohammed El Mahia, El MostaphaLotfia,NajouaLabjar
Noureddine Touacha 

aLaboratory of Spectroscopy, Molecular Modeling, Materials, Nanomaterials, Water and 
Environment, Materials for Environment Team, ENSAM, Mohammed V University in Rabat, 

Morocco 

 

Recently, the encouragement of the circular economy and the protection of public 
health has gained a considerable interest, that's why the scientific community seeks 
to reuse waste to innovate ecological materials. The main purpose of the current 
paper is the preparation of lime-mortar using 70% lime from calcined eggshells 
powder and 30% wood ash by addingGum Arabic (GA) as a water-reducing 
admixtureat different percentage 0.2%,0.4%,0.6%,0.8% and 1% by weight. 

Obtained results showed an improvement of mechanical performance (compressive 
and flexural strength) and dry density of prepared mortars with adding of up to 
0.6% of the GA.This work demonstrated the viability of using GA as a green water 
diminishing adjuvant in order to improve the propreties of lime mortar. 

Keywords: lime mortar, wood ash, civil construction, mechanical performance, 
gum arabic  
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Co-utilization of crushed waste glass and bottom ash as an eco-friendly 

replacements in mortarsusing Taguchi method 
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Noureddine Touacha 
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Nowadays, the reuse of waste in building applicationshas received considerable interest to 
produce environmentally friendly materials and provide a suitable route to reduce the huge 
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quantity of waste disposed in landfills. The current paper aimed theinvestigationof the 
combined effect of incorporating various proportions (5%, 10%, 20% by mass) of crushed 
waste glass (CWG)as a partial substitute of sand and coal bottom ash (CBA)as a 
cementitious material, onthe performance of mortars mixtures (cement: fine aggregate ratio 
of 1:3). In this view,workability, mechanical resistance (compressive and flexural strength), 
water absorption and density of all the prepared specimens (40*40*160 mm3) were 
measured. Then, a Taguchi method was designed to assess the effect of the addition of waste 
amount on the proprieties of produced mortars. The obtained results revealed clearly a 
decrease in specific mass in mortars containing waste; also the incorporation of up to 10% of 
CBA and CGW complied with the required criteria as prescribed in the Moroccan standards. 
The findings reflected the viability of incorporating the studied wastes into cementitious 
matrices for construction applications. However, a further investigation of the possible 
leaching of pollutants from produced mortars is required. 

Keywords:crushed waste glass, coal bottom ash, Taguchi method, civil construction 
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 Advanced ceramics 
- Bindings 
- Bricks 
- Clay minerals 
- Connectors 
- Dimensional stability 
- Durability of wood 
- Fiber Reinforced Polymer (FRP) 
- Floor joists 
- Geotextile 
- Glass-ceramics 
- Glued laminated timber framing 
- Hybrid Composites 
- Load and Resistance Factor 
- Marble 
- Removing wood 
- Silicates 
- Soundproofing 
- Traditional ceramics 
- Wood frame 
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Physico-chemical, mineralogical, and technological 
characterization of stabilized clay bricks for restoration of 
Kasbah Ait Benhadou-Ouarzazate (south-east of Morocco) 
M. Lechheb1,  A. Harrou2,6, G. El boukili3,4,  M. Azrour1,  A. Lahmar5,  M. El 

Ouahabi6 and E.K Gharibi2 
1 Department of Chemistry, Faculty of Sciences and Techniques, Moulay Ismail University, 

Errachidia, Morocco 
2 Laboratory of Applied Chemistry and Environment, Faculty of Sciences, Mohammed First 

University, Oujda, Morocco 
3, Department of Physics, Faculty of Sciences, Mohammed V University, Rabat, Morocco 

4 Laboratory of Sustainable Energy Materials, Al Akhawayn University, Ifrane, Morocco 
5 Laboratoire de Physique de la matière Condensée, Université de Picardie Jules Verne, 

Amiens, France 
6 UR Argile, Geochemistry and Sedimentary Environment (AGEs), Department of Geology,  

University of Liège,  Belgium 

 

Due to ageing, the unfired brick masonry may detach and fall off, or deteriorate to 
such an extent that it becomes necessary to restore them. Such is the case, for 
instance, of the Ksar of Ait Benhadou in Ouarzazate, Morocco. Our study aims to 
provide compatible and sustainable earthen bricks to restore this monument. 
Samples were collected from facades that were under conservation/restoration at 
the time when sampling was performed. Clayey soil samples were collected vicinity 
to the Ksar and analyzed by X-ray diffraction and X-ray fluorescence. A 
representative sample was stabilized with three aggregates (lime, cement and 
straw). The effect of ageing of the stabilized briquettes on shrinkage, water 
absorption, mechanical and thermal properties, compressive strength and thermal 
conductivity was studied on stabilized specimens. The samples consist mainly of 
clay minerals, calcite and quartz. They are rich in iron, aluminium and potassium. 
These samples are sandy with low plasticity (PI = 7%), which is slightly lower than 
the plasticity value required by the Moroccan standard for earth constructions. 
The results showed that the stabilized clayey soils have suitable properties such as 
density, porosity, water absorption and high thermal insulation. The best 
compressive strength performance is obtained for clay-stabilized samples with a 
high sand fraction. The thermal conductivity of clay-stabilized specimens increases 
as the specimens become denser and more compact, lime and straw have the 
opposite effect. 
Keywords: Unfired clay bricks, cement, lime, straw, compressive strength, conservation, 
Restoration 
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Phase Change Materials (PCMs) for Thermal Energy Storage 
Implementations 

G. Hekimoğlu1 and A. Sarı1, 2 
1Karadeniz Technical University, Department of Metallurgical and Material Engineering, 

Trabzon, Turkey 
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With the rapid developments in the industry and technology, the energy is 
increasing day by day. 80% of the CO2 emission in the atmosphere is caused by the 
use of fossil based fuel and this situation has a serious impact on climate change. 
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Therefore, energy researchers/engineers mainly work on the development and 
improvement of the techniques in order to use renewable energy sources more 
effectively. In this context, intensive studies have been carried out in order to use 
the energy from the sun in the most efficient way, by active or passive means when 
it is needed. Because solar energy is a discontinuous energy source within day and 
seasons, its storage in thermal form is one of the commonly used techniques. Since 
approximately 40-45% of the energy consumption in the world is corresponding to 
the consumed amount for heating, cooling and air conditioning in buildings, the 
use of PCMs in buildings directly or by integrating them with building materials 
makes them more important in terms of energy saving. For this purpose, the 
number of studies on the use of effective phase change materials (PCMs) that have 
the ability to store/release solar energy in the form of latent heat is increasing day 
by day. In this short review, general information about PCMs that can passively 
store thermal energy is presented. The diversity of PCMs, the selection criteria in 
practical applications, the difficulties of use, the solvation ways and also their 
potential utility areas were summarized. 
Corresponding author: ghekimoglu@ktu.edu.tr 
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Shape Stabilized Attapulgite/Myristic-Palmitic Acid Composite 
PCM for Thermal Energy Storage Implementations in Buildings 

G. Hekimoğlu1 and A. Sarı1, 2 
1Karadeniz Technical University, Department of Metallurgical and Material Engineering, 

Trabzon, Turkey 
2Center of Research Excellence in Renewable Energy (CORERE), Research Institute, King 

Fahd University of Petroleum & Minerals (KFUPM),  Saudi Arabia 

 
Fatty acids have been preferred mostly as solid-liquid phase change materials 
(PCMs) for different thermal energy storage (TES) applications. However, the 
leakage difficulty of these PCMs significantly limits their utilizations in TES 
systems. This study is focused on eliminating this disadvantage of myristic acid 
(MA)-palmitic acid(PA) eutectic mixture with proper phase transition 
temperatures for thermal management of buildings. The developed eutectic 
mixture was then incorporated with attapulgite clay (ATC) to achieve 
shapestabilized composite which does not allow liquid PCM leakage. FT-IR and 
SEM findings indicated the existence of good physicochemical compatibility 
between the ATC and MA-PA. DSC analysis revealed that the composite had phase 
change temperature of 44-45°C and latent heat of fusion of about 74 J/g, 
respectively.  TGA and thermal cycling test results showed that the fabricated 
composite has good thermal durability and stability. It can be inferred from the 
results that the produced ATC/MA-PA composite had noteworthy potential as new 
admixture material with TES ability which can be used for energy saving and 
indoor thermal comfort improvement in buildings. 
Corresponding author: ghekimoglu@ktu.edu.tr 
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2 University Cadi Ayyad, Faculty of Science and Technology, Marrakesh, Morocco 
3 Université du Québec en Abitibi-Témiscamingue, Rouyn-Noranda, Québec, Canada 

 

The high demand on cementitious materials evolves increasingly alongside with 
their harmful impact in terms of emitted carbon dioxide. The use of alternative 
materials that require less energy as raw materials for cement manufacture would 
be of a supreme added value. Mine exploitation generates a considerable quantity 
of by-products that can be used as a construction material. The phosphate mines in 
Morocco are no exception; different types of by-products are generated including 
flintstone, dolomitic limestone, silicified marls, and tender marls. This paper 
investigates the properties of a mixture design of three tender marls to be used as a 
binary binder with cement. Ten mixtures with diverse combinations of calcined 
marl (CM) at 850 °C were blended with cement utilizing a ratio of 1:1. The 11 
mortars were prepared. The fresh and hardened properties of those blends were 
tested including workability, setting time, hydration kinetics, and compressive 
strength at different curing ages. This study was undertaken as a feasibility 
preliminary study before a broader investigation on the suitability of recycling 
phosphate waste rocks and tailing as construction material. The findings confirm 
the reactivity of those marls and their contribution to the strength of the developed 
blends. Despite the higher incorporation of CM (50%), one of the blended binders 
reached a strength index activity of 85%. The results imply that whatever the 
proportioning mixture of the marls, in a mix of 1:1 with cement, the compressive 
capability could achieve 17‒26 MPa, 23‒36 MPa, and 34‒50 MPa at 7, 28, and 91 
days respectively. CM can be used as supplementary cementitious material, as a 
binder for masonry mortar, depending on the incorporation rate. 
Corresponding author: AmineElMahdi.SAFHI@um6p.ma 
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Optical, magnetic and structural analysis of new 2AO-CoO-B2O3 
(A = Ba, Sr) glasses. 

F-E. N’faoui1, M. Taibi1, J. Aride1, A. Boukhari2, H. Saadaoui3 and M. Rouziéres3 
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2 Laboratoire de Chimie Appliquee des Matriaux, Centre des Sciences des Materiaux, 

Faculty of Sciences, Mohammed V University in Rabat 
3Centre de Recherche Paul Pascal CRPP-CNRS UPR 8641 Research team for “Molecular 

Materials & Magnetism” ,Pessac, France. 

 
The glasses with formula 2AO-CoO-B2O3 (A = Ba, Sr) were prepared successfully 
by the conventional melting method. The amorphous state of these glasses was 
confirmed by X-ray diffraction. The thermal investigation conducted by 
differential scanning calorimetry (DSC) confirms their vitreous nature. Infrared 
spectroscopy approves the existence of both BO3 and BO4 groups. The 
transmittance shows the different optical transitions of the Co2+ in 2AO-CoO-B2O3 
(A = Ba, Sr) glasses. The calculated gap energy shows that these glasses have wide-
band-gaps and can be classified as semiconductor materials. The magnetic 
measurements were studied as a function of the field and temperature. The 
predominant interactions in these glasses are antiferromagnetic. 
Corresponding author: fatimanfaoui6@gmail.com 
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Synthesis, crystal structure, spectroscopic characterization and 
catalytic oxidation studies of a new hybrid magnesium 

phosphate 
Mohamed Akouibaa1, Amine Fraoui1,Najlaa Hamdi1, Hicham Oudghiri Hassani1, 

Rachid Ouarsal1, Souâd Rakib1, Mohammed Lachkar1, and Brahim El Bali2 
1Engineering Laboratory of Organometallic, Molecular Materials, and Environment, 

Faculty of Sciences, University Sidi Mohamed Ben Abdellah, Fez, Morocco 

2 Independent scientist, Oujda, Morocco 

 
Employing ethylendiaminemolecule as template, the new hybrid magnesium 
phosphite (C2N2H10)[Mg(H2O)6](HPO3)2  has been prepared by the slow 
evaporation method. Single crystal X ray diffraction analysis shows that it 
crystallizes in the orthorhombic system, space group Pbca, with the following cell 
parameters: a=11.1518(9), b=9.8014(8), c=13.3782(8) Å, V=1462.28(19) Å3, and 
Z=4. The hybrid material exhibits a bi-dimensional crystal structure formed by an 
anionic layer with the formula [Mg (H2O)6(HPO3)2]2- along the a-axis. The 
ethylenediammonium cations, located as counter ion,resided between the anionic 
structure ‘s cavities and interacted with the inorganic moiety through hydrogen 
bonds. The Infrared spectrum presents the characteristic bands of the 
hydrogenophosphite anion, ethylenediammonium cation, and water molecule, 
while the thermogravimetric analysis (TGA) consists mainly of the loss of the 
organic moiety and water molecules. The catalytic efficiency of the hybrid proton 
transfer material (C2N2H10)[Mg(H2O)6](HPO3)2was found to be very efficient as a 
catalyst. 
Keywords: Transition metal; Hybrid phosphite; X-Ray crystal structure; FTIR; Thermal 
analysis. 
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Stabilization of Reddish Clay using Traditional Quicklime from 
Sefrou (Morocco) for Potential Use in Building: Thermophysical 

and Mechanical Assessment 

Fatima Zohra El Wardi1, Aziza Atbir2, Sara Ladouy1 and Abdelhamid 
Khabbazi1 

1EMDD_CERNE2D, EST Salé,Mohammed V University In Rabat,  Morocco 
2 Department of Civil Engineering, and Construction Ecole Mohammadia d’Ingenieurs, 

Mohammed V University Rabat, RABAT, Morocco 
 

This study aims at testing experimentally the stabilization of unexploited clay from 
the Bensmim region (Middle Atlas, Morocco) using traditional quick lime from 
Sefrou located nearly to Bensmim for potential use in building applications. The 
main purpose of the present work is to evaluate the thermophysical and 
mechanical behavior of lime-stabilized clay blocks. Many different samples of clay 
specimens reinforced with lime at six different contents (0%, 10%, 20%, 30%, 40%, 
50%, and 70%) were prepared and tested. The thermal characterization was made 
by the Asymmetrical Hot Plate method in study state and transient régime to 
identify, respectively, the thermal conductivity and the thermal effusivity. The 
Flash method was used to evaluate thermal diffusivity. The mechanical 
performance was measured in terms of compressive and flexural strengths. 
Besides, a Chemical identification of Bensmim clay was investigated via the X-Ray 
Fluorescence method. Particle size distribution of used clay was determined 
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following a wet sieving analysis method. The results of clay identification showed 
that Bensmim clay meets the minimum requirements for manufacturing 
compressed earth and adobe bricks. The thermophysical tests results showed that 
the lime addition positively influences the lightness and the thermophysical 
properties of lime-stabilized clay specimens. For the findings of the mechanical 
tests, it is observed that the flexural and compressive strengths of lime-stabilized 
clay blocks continue to increase until a lime content of 30%. After this content, the 
mechanical performances decrease with lime addition, and no amelioration is 
detected. Therefore, a lime content of 30% represents the optimal lime content for 
stabilization of Bensmim clay. At this content, the stabilized clay blocks show 
optimal mechanical performance and improved thermal properties compared to 
the reference samples. Stabilized clay blocks at 30% lime content present a 14% 
improvement in bulk density, 13% in thermal conductivity, 12% in thermal 
effusivity, 20% in thermal diffusivity, 41% in compressive strength, and 10% in 
flexural strength, compared to unstabilized specimens. 
Corresponding author: fatima.zohra.elwardi@gmail.com 
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Characterisation of archaeological ceramics from Saadien 
Tombs (16th century) of Marrakech Morocco 
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Catherine Cools3, Leila Rebbouh3 And Nathalie Fagel2 
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2UR Argile, Géochimie et Environnement sédimentaires (AGEs), Département de Géologie, 
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3Ecole Supérieure des Arts, Saint Luc de Liege (ESA), Boulevard de la Constitution, Liège, 
Belgique. 

 
The analysis of archaeological materials can provide information to protect the 
cultural heritage of civilizations, allowing inferences about their technology, and 
their interaction with their surrounding physical and social environments. In this 
context, the present paper proposes an analytical methodology to characterize 
samples of ancient ceramic objects (dating to 16th century) from the Saadien 
Tombs of Marrakech, one of the main Saadien buildings in Morocco. A multi-
analytical approach based on optical and scanning electron microscopy, 
cathodoluminescence, X-ray fluorescence and X-ray diffraction was used to 
determine the textural, mineralogical and chemical characteristics of these 
materials. The obtained results allow probing into the past and attempt to re-
create prehistory by obtaining information about the provenance and 
manufacturing proprieties of these archaeological objects. The Saadien artisans 
have used calcareous clay as raw material to manufacture their decorative 
ceramics called zellige. These materials are composed of lead glaze applied directly 
on a silicate shard without ceramic engobe or intermediate layer. The coloring 
agents are conventional, iron (Fe3+) for the yellow glaze, manganese (Mn3+) for 
the black glaze, copper (Cu2+) and phosphorus (P) for the green and blue glazes. 
The estimated firing temperature of these materials ranges between 800 and 900 
°C.  
Keywords: Archaeological ceramics, manufacturing, Saadien tombs 
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The influence of thickness and final heat treatment on 
mechanical properties and dimensional stability of binderless 

fiberboards from steam exploded Arundo donax L. 
Federica Vitrone1, Diego Ramos2, Francesc Ferrando2 and Joan Salvadó1 

1 Department of Chemical Engineering, Rovira i Virgili University, Tarragona, Spain 
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The lack of petroleum-based adhesives in binderless fiberboards (BF) generally 
lead to low dimensional stability and poor mechanical properties. The steam 
explosion (STEX) pre-treatment can help to improve both physical and mechanical 
properties, but in many cases dimensional stability is still a challenge and depend 
on the characteristics of the raw material and the STEX conditions. This study 
investigates the effect of thickness and final heat treatment (FHT) on physico-
mechanical properties of binderless fiberboards made by Arundo donax L. The 
manufacturing process involved the STEX pre-treatment at a temperature (Tr) of 
190°C and retention time (tr) of 9.5 min, the hot-pressing (HP) at 7.5 MPa with a 
three-steps procedure, and the FHT carried out at 180°C for two different times 
(tc), 0.5 h and 1 h. Three samples for each condition were made and three different 
thickness levels were investigated, i.e. 3 mm, 6 mm, and 9 mm. The results 
obtained were compared with three reference samples made for each thickness for 
which no FHT was carried out. The results of modulus of elasticity (MOE), modulus 
of rupture (MOR), internal bond (IB), thickness swelling (TS), and water 
absorption (WA) showed that FHT have a great influence on dimensional stability 
but do not lead to any improvement in mechanical performance. On the contrary, 
the thickness did not have any influence for TS and WA, but a small change in 
MOE, MOR, and IB was detected. These findings may help to improve the BF 
manufacturing process and to optimize the results for Arundo donax L. 
Corresponding author: federica.vitrone@urv.cat 
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colloidal Formamidinium Lead Bromide perovskite nanoplatelets 

enable to Achieve Recommendation 2020 Displays 
Nabila Jarmouni1, 2, Marco Tomaiuolo2 , Alessio Gabbani3,4 , Damiano Genovese5 , 

Francesco Pineider2 , Rajaa Bassam1 , Said Benmokhtar1 , Said Belaaouad1 

 
1 Laboratory of Physical Chemistry of Materials, Faculty of science Ben M’sik, University 

Hassan II of Casablanca, Morocco 
2 Department of Chemistry and Industrial Chemistry, Universityof Pisa, Italy 

3 Italian National Council for Research - Institute for the Chemistry of OrganoMetallic 
Compounds, Florence, Italy 

4University of Florence, Department of Chemistry“U. Schiff”, Florence, Italy 5University of 
Bologna, Department of Chemistry "G. Ciamician", Bologna, Italy 

 

 According to the updated recommendation for displays standard (Rec. 
2020), ultrapure green emitters with a narrow emission (below 25 nm) in the 
525−535 nm spectral range are desired. However, finding an emitter material that 
can meet such requirements, is still challenging. To this purpose, organic-inorganic 
halide perovskites nanocrystals have gained great attention due to their high-
colour purity and the lower cost, that overcome inherent problems of conventional 
organic and inorganic quantum dot emitters. Herein, to achieve these two criteria 
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of Rec .2020 simultaneously, we have synthesized Formamidinium lead bromide 
perovskite nanoplatelets (NPLs) by ligand-assisted reprecipitation (LARP) at room 
temperature, under atmospheric conditions. The obtained FAPbBr3 NPLs capped 
with oleic acid/ oleylamine show a uniform average size of about 20 nm. FAPbBr3 
NPLs dispersions in hexane exhibited a bright luminescence with a high 
photoluminescence quantum yield (PLQY =74%). The colour coordinates on CIE 
1931 are (0.2,0.75), an ideal green emission at 533 nm with an ultranarrow full 
width at half-maximum (FWHM= 22 nm), and long radiative lifetimes of 81 ns. 
The synthesized FAPbBr3 NPLs present best-promoting characteristics for 
achieving solution processable ultrapure green emitters. 
Corresponding author: nabila.jarmouni-etu@etu.univh2c.ma 
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This study focuses on the characterization and evaluation of the potential 
use of clay-rich raw materials in the region of Nador (northeast, Morocco) 
to manufacture ceramic products. In this regard, physical (particle size 
distribution, organic matter), chemical (X-ray fluorescence, XRF), 
mineralogical (X-ray diffraction, XRD) and geotechnical (Atterberg limits) 
analyses were carried out on the materials studied. The results show that 
the main minerals in the samples were feldspars and cristobalite, while 
carbonates are ubiquitously present. Smectite was present as the dominant 
clay phase and minor phases of smectite kaolinite, illite and kaolinite, 
including chlorite also appeared in some samples. The results showed that 
the studied clay materials require the addition of another type of clay or less 
plastic materials to improve their properties and to be suitable for the 
production of structural ceramics. 
Corresponding author: hanane.aithmeid@gmail.com 
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The rammed earth or pisè is one of construction techniques that presents many 
advantages of availability, inexpensiveness of production costs and potential 
resources with a very low carbon footprint, and more importantly its low energy 
consumption. The goal of this work is to investigate the influence of hemp particles 
on the performance improvement of rammed earth, especially thermal properties, 
related to the thermodynamic behaviour of the building in terms of efficiency and 
sustainability. The simulations of this preliminary experimentation aim at the 
physical characterization of the soil and hemp mixture. The result of the study 
would lead to the determination of the appropriate sample with the adequate 
formulation (percentage of Hemp) basing on the results of the used 
characterization.  
Keywords: Soil, Rammed earth, Hemp, Characterisation, Mechanical performance, 
Vegetable particles, Sustainability 
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Substitution of natural clay by Moroccan solid mining wastes to 

manufacture fired bricks 
Azzeddine Benahsina1, Yassine EL Haloui2, Mohamed Elomari1 and Mohammed 

Abdouh Bennouna3 
1Cadi Ayyad University, UCA, FSSM, LabAEPT, Marrakech, Morocco 

2Chouaib Doukkali University, UCD, NSAS, LabSIPE, El Jadida, Morocco 
3Cadi Ayyad University, UCA, FSSM, LabACB, Marrakech, Morocco 

 

The objective of this work is to assess the feasibility of using mining waste 
belonging to MANAGEM Group Morocco as an alternative raw material to 
manufacturing fired bricks. The feasibility was assessed through i) the physical, 
chemical, mineralogical and environmental characteristics of mining waste ii) 

the determination of effect of substitution of natural clay (NC) by solid mining 
waste (SMW) ii) and firing temperature on physical, mechanical, and thermal 
properties of clay fired bricks. Five mixtures are studied. 

The percentages of substitution of NC by SMW vary from 0 to100%. The bricks 
specimens were fired at 900;1000 and 1050°C.The results show that the properties 
of bricks containing up to 80 wt.% of MW and fired at 1000 and 1050°C meets the 
requirements set by the applicable civil engineering standards. This recovery 
considered as an efficient and sustainable solutions to better manage these wastes, 
and subsequently produce marketable products from mining waste, which in 
accordance with the circular economy concept. 

Corresponding author: benahsina.az@gmail.com 
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In this study, phases Hardystonite (Ca2ZnSi2O7) and Petedunnite (CaZnSi2O6) 
were synthesized by solid state reaction. Samples were prepared by the addition of 
different proportions of 0%, 1%,2%,3% 5% of the nitrates of Zn to the reactants 
CaCO3 and SiO2 of ratio Ca/Si = 2, the synthesis was carried out by heating the 
finely ground mixtures at temperatures ranging from 500 to 1000°C. XRD, FTIR 
and SEM were performed on the samples to characterize the mineralogical and 
microstructure proprieties. According to XRD results, the characterization of the 
developed phases indicates the formation of ternary mixtures of Ca2SiO4 with 
Hardystonite Ca2ZnSi2O7 phase of the tetragonal crystal system and Petedunnite 
phase (CaZnSi2O6) of the monoclinic crystal system. SEM micrographs and EDS 
analysis show that the addition of zinc from nitrate gives a morphology of fine 
porous particles in the form of hexagonal platelets which can provide interesting 
properties such as the consolidation of materials. Keywords: Dicalcium silicate, 
Hardystonite, Zinc Nitrate. Petedunnite 
Corresponding author: hind.agourrame@gmail.com 
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Investigation on the reuse of the sugar co-products (Bagasse, 
Molasses and Ash) as industrial wastes in the production of 

Compressed Earth Blocks (CEB) 
Farah Chantit, Fatima-Ezzahra El Abbassi And Azzouz Kchikach 

University of Cady Ayyad, Marrakech, Morrocco 
 

Increasing attention should be paid to industrial wastes with a view to conserving 
energy and protecting the environment. The accumulation of industrial wastes is 
one of the most serious problems facing developing countries, which effect 
negatively the environment and public health. This paper provides a review of 
literature on the valorisation of sugar industry wastes to merge them into 
construction industry and turn them into useful and cheap building materials. 
Literature demonstrates that in the recent years there has been an increased 
research interest in thermochemical conversion of sugar industry wastes to 
produce cleaner energy, rather than its landfilling or combustion. However, there 
is a very few studies interested in the utilization of co-products of the sugar 
industry in the production of Compressed Earth Blocks (CEB). Through this work, 
we identified various valorisations ways of sugar industry wastes to develop an 
efficient flow chain production of sustainable construction clay bricks. The 
proposed combination of earth and sugar co-products will reduce the initial cost of 
clay bricks and enhance their mechanical, thermal and environmental 
characteristics. The objective of this study is to present physical, chemical, 
mechanical and thermal properties of each residue of sugar extraction processes 
with comparisons of literature finding. Furthermore, this study analyses the effect 
of adding sugar co-products to Compressed Earth Blocks. From results of 
researches, we observed that though cellulosic and hemicellulosic fractions, 
bagasse makes its potential (good mechanical and thermal characteristics) as raw 
material that is used as reinforcement to CEB. Thereby, it was found that 12% of 
molasses as addition to CEB is the optimal; it gives resistance to the compression of 
CEB. However, the addition of bagasse ash does not affect the mechanical strength 
of the Compressed Earth Blocks, hence, this waste residue can be incorporated into 
such addition due to its pozzolanic behaviour.  
Corresponding author: farah.chantit@ced.uca.ma 
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Synthesis, structural characterization of the compound Ba1.15 
Na1.7Nb4WO15 and its adsorption of methylene blue 

H. Es-soufi a,b *, L. Bih a, c, Alan R. F. Limad, H. Ouabbou a 
aEquipe de Physico-Chimie de la Matière Condensée, PCMC, Faculté des Sciences de Meknès, 

Université Moulay Ismail, Morocco 
b Ecole Supérieure de Génie Civil et des Nouvelles Technologies, Meknès, Morocco 

cDépartement matériaux et procédés, ENSAM Meknès, Université Moulay Ismail, Morocco 
d Center of Nature Sciences, Federal University of São Carlos, Buri, Brazil 

 

Compound Ba1.15Na1.7Nb4WO15 was successfully synthesized as a single crystalline phase by 
the solid-solid route. Characterization was performed by XRD and Raman. The diffraction 
line profile and the refinement of the structural parameters of this compound were 
obtained from the XRD patterns by the Rietveld method. This compound was crystallized in 
tetragonal tungsten bronze (TTB) structure of the space group P4bm, with lattice 
parameters; a=b= 12.3687Å and c= 3.9328 Å. Raman results allowed to identify the 
different vibration modes present in this compound. The adsorption of methylene blue (MB) 
has been investigated by UV–Vis spectrometer. The adsorption of methylene blue on 
Ba1.15Na1.7Nb4WO15 showed that this material can used for the removal of organic 
pollutants, and therefore can be used for water treatment. 
Corresponding Author: hichamessoufi@gmail.com 

P2-56 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Clay as a Building Material: A Study of the Physico-Mechanical 
Properties of the Clay from Ifrane Region 

Ghita El Boukili a,b, Hind Souratb , Mahdi Lechhebc, Fatima Kifani-Sahbana, Asmae 
Khaldounb 

aTeam of Modeling and Simulation of Mechanical and Energetic, Physical Department, Faculty of 
Science, Mohammed V University, Rabat, Morocco . 

b Laboratory of Sustainable Energy Materials, Al Akhawayn University, Ifrane, Morocco. 
c Laboratory of Physiqual Chemistry of Materials, Department of Chemistry, Faculty of Science and 

Techniques, Er-rachidia, University MolayIsmaïl, Meknes, Morocco 
 

Clay is an environment friendly low cost insulating material that represents various 
advantages, mainly theabundance in nature, the high sustainability, the easy 
extractionand recyclability. Ifrane is a Moroccan Middle Atlas city with a mean winter 
temperature of 4.1° and a middle-to-low incomepopulation, who require energy efficient 
building construction. This paper presents a study conducted on the mechanical properties 
of natural clay in Ifrane in order to test its suitability for construction. For this purpose, 
several experiments were done. The X-ray diffraction found that clay is composed of 
amixture of different types of minerals with a predominantpresence of illite. Particle size 
analysis showed that 92% of the sample consists of fine grains (between 0.08 mm and 
0.315mm), 7.84% consists of medium size grains and 0.16% consists of large size grains. 
The Atterberg limits experiment found that the plasticity limit, the liquid limit, and the 
plastic limits arerespectively equal to 15%, 37.6%, and 22.6%. Finally, the proctor test 
showed that the clay’s optimal dry density and optimal water density are respectively 
equal to 1.97 T/m3 and 12.4%. This value falls in the range of 1.8 and 1.9 which means that 
the soil is constructible. 
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Coordination polymers constructed from copper ions and organic N-
containing heterocyclic ligand: Crystal structures, spectroscopic study 

and magnetic properties 
Abdelhakim Laachira, FouadBentissa, Mohamed Saadib, Lahcen El Ammariband 

Salaheddine Guesmia 
a Department of Chemistry, Faculty of Science, Chouaib Doukkali University, El Jadida, Morocco 

b Department of Chemistry, Faculty of Science, Mohammed V University in Rabat, Morocco 

 

Currently, the chemistry of copper complexes is gaining popularity due to its interesting 
structural, magnetic properties and biological activity. In this context, a large variety of 
synthetic mode have been used to build a novel coordination compounds with different 
terminal and bridging ligands, specifically with the heterocyclic compounds containing 
electron donor atoms such as nitrogen, sulfur or oxygen (triazole, thiadiazole and 
oxadiazole).On the other hand, the synthesis of these copper complexes in the presence of 
pseudohalides is a subject of great interest. Indeed, several research works have been 
conducted because of their diversity of applications and structures. In this objective, our 
interest focuses on the synthesis of new coordination polymers and the study of their 
applications in various fields, particularly in magnetism and biology. Herein, we report the 
synthesis, characterization and magnetic properties of a three novel copper polymers 
based on2,5-bis(pyridin-2-yl)-1,3,4-thiadiazole ligand (noted L). The reaction of copper(II) 
chloride with L leads tothe formation of a mono-dimensional coordination polymer, noted 
[CuLCl2]n1. In the other hand, at roomtemperature and in the presence of pseudohalide as 
coligand,the reaction in presence of the potassium thiocyanate(KSCN)in situleads topartial 
reduction Cu(II) to Cu(I) generating a mixed-valenceCu(I/II) coordination polymers whose 
chemical formula is[CuI3CuIIL2(SCN)5]n2. Withthe sodium azide (NaN3) as coligand, the 
reaction leads to the formation of a new asymmetric µ2-1,1-azido double bridged copper (II) 
complex [Cu2L2(N3)4] 3. The structures, spectroscopic study and the magnetic 
susceptibilitymeasurementof coordination polymers (1-3)well are presented. 
Corresponding Author: laachir.55@hotmail.fr 
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Optoelectronic Properties of KNO3 doped by carbon: DFT and TDDFT 
Studies 

S. Idrissi1, H. Labrim2, L. Bahmad1 and A. Benyoussef3 
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2 USM/DERS/Centre National de l’Energie, des Sciences et des Techniques Nucléaires (CNESTEN), 

Rabat, Morocco. 
3 Hassan II Academy of Science and Technology, Km 4, Avenue Mohammed VI – Rabat, Morocco. 

 

In this work, we present a study based on the two methods DFT and TDDFT to illustrate 
the pure and carbon doped effect on the pure KNO3 optoelectronic properties. In fact, the 
used DFT method is carried out under the Quantum Espresso package. Moreover, our 
investigations are performed on the basis of the GGA-PBE without and with the spin orbit 
coupling (SOC) correction. The ab-initio calculations of the studied compound have been 
performed while relying to the density functional theory (DFT), using the Quantum 
Espresso code. The obtained results and calculations are simulated under norm-conserving 
pseudo-potentials for calculations without spin–orbital coupling (SOC) calculations and 
fully-relativistic ultra-soft pseudo-potentials for SOC calculations. The width of the 
Gaussian smearing was set to 0.1 eV. It has been found that the main result of the doping 
effect is to decrease the energy band gap of the KNO3. While, the gap nature is still direct in 
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the  point in both pure and doped cases.  
Keywords: Carbon doping; GGA-PBE method; photovoltaic application; Band gap; DFT and 
TDDFT methods; SOC approximation. 
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Contribution to physical and chemical characterization of “Ain 
Houalla-Rabat-Morocco” forest soils 

Oussellam Soumayaa and Ouchetto Malikaa 
a  laboratoire de Chimie Appliquée des Matériaux,  Center of Material Sciences, Department of 

Chemistry , Mohammed V University in Rabat 

 

This study aims to investigate the physicochemical properties of ‘Ain Houalla’ forest soil, 
located in Rabat region, by using various complementary physicochemical techniques. The 
samples were taken from two different horizons; the First one was taken from Horizon 1 
(H1) from a depth of 15 to 20 cm, the second horizon (H2) taken from a depth of 1 meter of 
the surface. The mechanical composition of these samples was predominantly sandy-clay 
deposits. X-ray diffraction technique was used for mineralogical analysis, the results of 
which indicated that quartz prevails in H1 and calcite prevails in H2. Chemical analysis of 
Ca2+ Mg2+ ions showed that calcimetric and acid-base assays are ideally suited to the 
determination of carbonates, while the complexometric determination leads only to an 
overestimation of the CO32- content in the soil. Infrared spectroscopy of the samples reveals 
the presence of the bands characteristic of the functional groupings. Several other soil 
physical properties were studied; such as, the changes in status of water in soil, bulk 
density, porosity and permeability. The determination of porosity was carried out by the 
capillarimeter method. The results analysis demonstrates the link between texture, 
structure, porosity, bulk density and hydraulic behaviour of ‘Ain Houalla’ forest soil. 
Corresponding Author:soumaya.oussellam@um5r.ac.ma 
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Structural, morphological, thermal, and oxygen-vacancy-related 
dielectric relaxation behaviorsin EuFeO3 perovskite 

L. Boudad1, M. Taibi1, A. Belayachi2 and M. Abd-Lefdil2 
1Laboratory of Physico-Chemistry of Inorganic and Organic Materials, Ecole Normale Supérieure, 

Mohammed V University in Rabat, Morocco. 
2 MANAPSE, Faculty of Sciences, Mohammed V University in Rabat, Rabat, Morocco. 

 

Europium-ferrite perovskite EuFeO3 was synthesized basing on standard solid state 
reaction technique. X-ray diffraction analysis revealed the formation of single phase 
identified to be crystallizing in a Pbnm orthorhombic structure. X-ray peak broadening 
was conducted to evaluate the crystallite size and lattice strain. Scanning electron 
microscopy images showed an agglomerated distribution of grain with an average size 
ranging between 0.47 to 1.11 µm. The presence of iron ions in octahedral environment is 
highlighted Fourier transform infrared (FT-IR) spectroscopy. Dielectric study was 
performed as a function of both frequencies (1 kHz to 1 MHz) and temperatures (298 K to 
300 K). The frequency dependence of dielectric properties revealed a quasi-dc process 
behavior in the material, typical of carrier dominated systems. Two dielectric anomalies 
were observed, corresponding to the conduction relaxation dominated by the migration of 
oxygen vacancies. All observed phenomena were pointed by differential scanning 
calorimetry (DSC) analysis. Optical absorption studies imply the existence of a direct band 
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gap in the sample.  
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Elaboration, characterization, and giant dielectric permittivity in solid 
state synthesized Fe half-doped LaCrO3 perovskite 

L. Boudad1,  M. Taibi1,  A. Belayachi2 and M. Abd-Lefdil2 
1Laboratory of Physico-Chemistry of Inorganic and Organic Materials, Ecole Normale Supérieure, 

Mohammed V University in Rabat, Morocco. 
2 MANAPSE, Faculty of Sciences, Mohammed V University in Rabat, Rabat, Morocco. 

 

LaFe0.5Cr0.5O3 (LFCO) perovskite was synthesized by conventional solid-state reaction 
process in air atmosphere. X-ray powder diffraction data revealed that the sample 
crystallizes in a Pnma orthorhombic symmetry, with a nearly same shaped grain size of 
0.21 – 0.57 µm as shown from scanning electron microscope (SEM) images. The elemental 
composition of the sample was verified by energy-dispersive X-ray spectroscopy (EDS) 
results. Infrared spectra highlighted a set of absorption peaks corresponding to the 
stretching and bending vibrations of bands binding respectively iron and chromium with 
oxygen. Impedance spectroscopy and dielectric measurements were performed in a wide 
frequency range (100 Hz - 1 MHz) at various temperatures. The higher values of ɛ’ at low 
frequencies are explained on the basis of the Maxwell-Wagner (MW) relaxation model 
arising from the inhomogeneity conduction in the grains and grain boundaries of the 
material. These results have been confirmed by complex impedance analysis highlighting 
two electrical responses attributed to the grain and grain-boundary effects, respectively. 
Negative temperature coefficient of resistance (NTCR) effect was also proved on the 
material.  
Corresponding Author: lacenmp@gmail.com 
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Bio-based polyurethane derived from oxypropylated lignin as a coating 
for controlled release fertilizers 

Abdelouahed El gharrak a,b, Younes Essamlali a, Mohamed Zahouily a,b 
a Moroccan Foundation for Advanced Science, Innovation and Research (MASciR), Rabat, Morocco. 

b Laboratory of Materials, Catalysis & Valorization of Natural Ressources Sciences & Techniques 
Faculty Mohammedia, University Hassan II, Morocco. 

 

Polymers coated fertilizers consisted the subject of many recent studies to slowness the 
solubility of the nutrients in the soil moisture, for example, Polyurethanes (PU), which are 
polymers obtained via the catalyzed reaction between di-isocyanates and polyols, were 
considered as the most interesting polymers for fertilizers granules coating due to their 
facile synthesis and to the important properties they can offer. Furthermore, the use of a 
bio-based polyol prepared from an abundant and renewable biomass makes PU synthesis 
more attractive. Our work focuses on the synthesis of bio-based polyurethane from polyol 
derived from lignin of sugar cane bagasse. Polyol preparation was done using a chemical 
modification of lignin by an oxypropylation reaction. The elaborated polyol was 
characterized and used as a reagent for the Polyurethane preparation. The obtained 
polymer was casted into Petri dish to yield the corresponding film and then differently 
characterized by Fourier transformer infrared (FT-IR), thermogravimetric analysis (TGA), 
scanning electron microscope (SEM) and differential scanning calorimetry (DSC). To 
investigate their physicochemical properties and determine whether the chosen polymers 
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are appropriate as a coating material. Then, an evaluation of the release in water of 
nutrients of the NPK fertilizers coated by the prepared formulation was conducted 
according to a standard incubation method. The obtained results showed that the bio-based 
polyurethane coating delayed the nutrient release in water and contributed to improve the 
fertilizer use efficiency. 
Corresponding Author:abdel.elgharrak@gmail.com 
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Bioinspired Brick-and-Mortar Geopolymer Composites with Ultra-high 
Toughness 

Anass Harmal, Oussama Khouchani, Tahar El-Korchi, Mingjiang Tao, Harold W. Walker 
Department of Civil and Environmental Engineering, Worcester Polytechnic Institute,Worcester,  

United States.  

 

Geopolymer cement represents a promising alternative to Portland cement as it offers 
comparable mechanical properties and superior durability while producing a lower carbon 
footprint. Despite its environmental advantage, the brittleness of geopolymer limits its 
applications as a structural material. In this study, bioinspired toughening mechanisms 
found in brick-and-mortar structured mineralized biological materials are explored. In this 
work, geopolymer is the brick phase and different 3D printed polymers serve as the mortar 
phase. The mortar phase is varied, (covering a rubber-like material, a semi-rigid like 
material and a rigid material) to simulate different biological composites. The mechanical 
properties of geopolymer-based brick-and-mortar composites are investigated through 
three-point bending and singled-edge notched beam three-point bending, while the failure 
modes are revealed through digital image correlation and microscopy. Experimental 
results reveal that strong and tough geopolymer-based composites can be achieved 
through a bioinspired brick-and-mortar structure. The geopolymer based composites 
showed up to a 700 times improvement in toughness, while retaining similar strength and 
most of the elastic modulus as the bulk material despite the far less stiff polymeric mortar 
phases. High plastic deformation of the composites is attributed to the bricks’ local 
displacement, mediated by the mortar phase, as revealed by digital image correlation. 
Stable crack growth and ductile failure were key to the high toughness of the geopolymer-
based brick-and-mortar composites. The underlying mechanisms contributing to improve 
toughness of the composites likely include the interlocking of bricks, initial flaw size 
reduction and crack shielding, all of which delayed the crack initiation. Once cracking 
starts, crack deflection, crack bridging and multi-cracking take place in a large process 
zone, producing tortuous crack paths and engaging a large volume of the material in the 
fracture process. This work demonstrates the merit of the bioinspired brick-and-mortar 
design paradigm in achieving both strength and toughness in geopolymer composites. 
Successful implementation of this composite model may lead to significant improvements 
in geopolymer composites in a variety of applications.  

Corresponding Author: hwwalker@wpi.edu 
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This article presents the research paper appendix entitled "Thermophysical study of a 
multi-layer brick of grids made of sheep's wool yarn and clay". Using renewable green 
energy is a key element of energy efficiency and sustainable construction in buildings to 
preserve other energy sources and reduce our carbon footprint and evaluating of sheep's 
wool as abundant raw material. This research is interested in thermomechanical 
characterization of multi-layer composite biomaterial made of sheep wool yarns and clay, 
a new composite that provides significant thermal insulation and mechanical strength, 
elaborated in form of solid bricks for construction, this experimental work concerns 
bibliographic research of sheep wool chemical bonds and quantification of its chemical 
constituents. We realized technical and physicochemical characterization of initial 
components which are sheep wool, clays: white and red and we realized then 
characterization X Ray-diffraction to laboratory NCSTR, then spectroscopic 
characterization to laboratory NHSR, we realized mechanical characterization of our 
samples by flexion and compression, finally optimization of thermomechanical properties 
optimal point. The effect of wool yarns was significant on thermomechanical behavior of 
developed material with flexural strength: from 1.80 Mpa to 3.18 Mpa for white clay and 
from 1.55 Mpa to 1.75 Mpa for red clay, respectively for the 0g wool sample compared to 
the 15g wool sample. And increase of these wool yarns didn’t influence too much on these 
samples in compression and remains reliable with strength values ranging from 5.67 Mpa 
to 4.47 Mpa for white clay and from 4.36 Mpa to 3.89 Mpa for red clay respectively for the 
0g wool sample compared to the 15g wool sample. These values confirm that the effect of 
wool yarns has improved mechanical bending behavior to be in vicinity of compression. 
These mechanical performances are accompanied by an improvement in thermal 
conductivity ranging from λ= 0.6 kJ/h.m.K to 0.42 kJ/h.m.K for white clay and λ= 0.62 
kJ/h.m.K to 0.54 kJ/h.m.K for red clay respectively for the 0g wool sample compared to the 
15g wool sample. This study is compared with other works on eco-materials for thermal 
insulation with aim of developing a new technique which is based on reinforcement of solid 
bricks by grids of sheep's wool by targeting composite materials for energy efficiency in 
sustainable construction. 

Corresponding Author: atbiraziza@gmail.com 
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Optimization of mechanical strength of hybrid geopolymer products based on 
kaolin, metakaolin, and fly-ash using mixture design methodology 
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University in Rabat, Morocco. 

 

This study focuses on the mechanical property optimization of geo-polymeric cementitious 
materials based on a ternary blend of kaolin (K), metakaolin (MK), and fly ash (FA) by 
using the method of statistical mixture-design modeling. By adopting the augmented-
simplex-lattice mixture design, then twelve blend proportions of K, MK, and FA were 
readied and mixed with an alkaline solution composed of NaOH and Na2SiO3 with 
solid/liquid mass ratio and Na2SiO3/NaOH mass ratio, and NaOH concentration fixed at 
2.5, 2.5 and 12 M, respectively to generate GP samples. After having hardened for 28 days 
at ambient conditions, the geopolymer samples were assessed for mechanical strength 
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(MPa) as a response variable. The feedstocks involved in the geo-polymerization 
mechanism were analyzed by X-ray fluorescence spectroscopy (XRF) for elemental 
composition, X-ray diffraction (XRD) for mineralogical composition, Fourier transform 
infrared spectroscopy (FTIR) for structural properties, and scanning electron microscopy 
coupled with energy dispersive spectroscopy (SEM/EDX) for morphological and chemical 
characteristics. The collected results indicate that the compressive strength of the prepared 
geopolymer samples ranged from 7.59 to 20.91 MPa, and the blended formulation of 
16.67% kaolin, 16.67% metakaolin, and 66.67% fly ash (GP12) gave the highest compressive 
strength of 20.91 MPa. Moreover, the analytical results of XRD, SEM/EDX, and FTIR 
showed that the structure of the GP12 sample is principally composed of the dense 
amorphous sodium alumino-silicate phase, which resulted in the highest strength value. 
After conducting the experiments and analyzing the data, it was found, using the 
desirability function approach, that the optimum ternary mix was 0% K, 2% MK, and 98% 
FA, which maximized the compressive strength to achieve the desired mechanical 
properties of the geopolymer cement.This research may be useful in the design of 
experiments, the exploitation of natural resources, and optimizing the use of analogous 
waste substances into beneficial and practical products. 

Keywords: Geopolymer; ternary blend; compressive strength; optimization; mixture design. 
Corresponding author:  badr_aouan@um5.ac.ma 
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The effects of plant fibers on the swelling of clay soils 
Ahlam El Majid a, Khadija Baba b 

aCivil Engineering and Environment Laboratory, High School of Technology, Sale, Morocco 
bMohammadia School of Engineering, Civil Engineering and Environment, Mohammed V 

University, Rabat, Morocco 

 

The climatic change and the hydro-geological context are the major factors influencing the 
variation of the water content of the soils, this change leads to vertical and horizontal 
displacements in several soil types that can damage the constructions of civil engineering. 
Clay soil is the most sensitive type to humidity as it undergoes contraction, defined as a 
reduction in volume due to a decrease in water content, or swelling, defined as an increase 
in volume due to water absorption. This expansion property is due to the laminated plates 
of clays, characterised by a weak bond between the clay molecules, leading to an 
infiltration of water molecules into the interstice. In order to avoid this excessive 
deformation, it is first necessary to reduce the amount of water absorbed by the clay soil. 
The main objective of this paper is to examine the effect of using plant fibres (Alfa, Jute and 
Sisal) as a solution to the swelling character of clays. The selection of these fibres was 
decided, firstly to exploit natural resources, indeed the intensive use of petroleum-derived 
plastics is giving rise to innumerable environmental problems, secondly to reduce the cost 
of soil treatments and finally the high water absorption capacity that these fibres have. An 
experimental study was undertaken to examine the effect of this three fibers on the clay 
swelling as well as to visualise the results of the various percentages of these fibers. Grain 
size analyses, densities, Atterberg limits, free swelling tests as well as load-unload tests 
with the Odometer were conducted on the clay and on a mixture of clay with different fiber 
contents (0%, 3%,9 % and 18%).  The results show that the fibres are capable of absorbing a 
quantity of water and therefore of inhibiting infiltration into clays and minimising the 
swelling of the tested soil. 

Key words: clay swelling, plant fibres, odometer tests, Alfa, Jute, Sisal 
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performances of ceramics made from Moroccan magnesite and 
dolomite 
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This study focuses on the valorization of Moroccan magnesia-rich raw materials in the 
ceramic field. An investigation on the potential use of lizardite-rich magnesian clay on the 
technological and morphological properties of ceramics based on Moroccan natural 
magnesite and dolomite for industrial application was detailed. The selected raw materials 
for this study were collected from the Rif region of Morocco and were subjected to 
characterization in chemical, mineralogical, thermal, and morphological points of view. 
The ceramics elaborated by the uniaxial pressing method of different mixtures (M1-M4), 
and sintered up to 1400 °C have been tested mainly in physical and mechanical properties 
and analyzed in terms of the composition of the synthesized phases by X-ray diffraction 
technique and morphological characteristics using scanning electron microscopy coupled 
with X-ray energy dispersive spectroscopy (SEM-EDS). The results showed that the studied 
raw magnesite and dolomite are very rich in MgCO3 and CaCO3 minerals. Otherwise, the 
lizardite sample demonstrates high amounts of SiO2, MgO, and Fe2O3. The addition of 
lizardite sample to magnesite and dolomite ceramic mixtures has shown an increase in 
forsterite (Mg2SiO4) and monticellite (MgCaSiO4) amounts and has contributed to an 
enhancement in technological, morphological, and dimensional ceramic specimens 
properties, as well as the mechanical strengths that were increased from 25.82 to 40.17 
MPa, and from 19.34 to 29.09 MPa for the flexural strength and the tensile strength 
respectively. These results have confirmed that the manufacture of ceramics from 
Moroccan lizardite was technically feasible, economically justifiable, and socially desirable 
in view of the contribution to the economic growth of the raw material sector. 
Furthermore, the richness of the studied region in various raw materials and with 
interesting reserves in several deposits in the region make it a cost-effective source for 
industrial exploitation and continuous development in various fields and in particular the 
ceramic industry. 
Corresponding Author: achraf.harrati2@gmail.com 
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Synthèse, étude des propriétés spectroscopiques et activité anti 
oxydante du ligand base de schiff  [(n1z,n2z)-n1,n2-bis(4-

nitrobenzylidene)benzene-1,2-diamine] et de leur  complexes  
métalliques de Cu(II), Ni(II), Zn(II) et Co(II) 

Ibtissam Elaaraj,  Asmae Nakkabi, Noureddine El Moualij,  Mohammed Fahim 
Laboratoire de Chimie des Matériaux et Biotechnologie des Produits Naturels "ChiMa-Bio", Faculté 

des Sciences, Université Moulay Ismail,  Meknès, Maroc 

 

Les bases de schiff et leurs  complexes métalliques présentent des applications diverses dans 
plusieurs domaines tels que la catalyse dans divers systèmes biologiques, la médecine 
comme antibiotiques et agents anti-inflammatoires et également dans l’industrie comme 
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composés possédant des propriétés, anti-corrosives. Dans ce travail, nous décrirons la 
synthèse des ligands bases de schiff  bidentate de type NN le  [(N1Z,N2Z)-N1,N2-bis(4-
nitrobenzylidene)benzene-1,2-diamine]ainsi  leurs complexes métalliques  de cuivre(II) , 
cobalt (II) , zinc (II) et nickel(II). Les composés  obtenus ont été caractérisés par différentes 
techniques spectroscopiques telles que l’ IR, UV-Visible, SM et RMN. Une étude de l’activité 
anti-oxydante a été également réalisée. 
Mots-clés: base de Schiff, complexe métallique, ligand NN. 
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Selective leaching of low-grade phosphate sludges using a mixture of 
organic acids 

Arroug Lamyaa, Elaatmani Mohameda, Zegzouti Abdelouahada. 
a Laboratory of Materials Science and Process Optimization, Semlalia Faculty of Science, Cadi 

Ayyad University, Marrakech, Morocco 

With an increasing demand for phosphate and a reduction in their reserves, enrichment of 
phosphate tailings is a good alternative. Phosphate sludges tailings are not exploitable by 
simple washing because they have a low content of P2O5 and an abundant amount of 
carbonates and silica. Moreover, they are becoming a critical issue for the mining industry 
because of environmental concerns. They need to be processed by separation techniques to 
remove the carbonates and recover phosphates. These sludges can be enriched by organic 
acid leaching process, where the carbonates are dissolves by the dilute acid solution, and 
the phosphates remain in the leached residues. Thus, the beneficiation of the low-grade 
phosphate is achieved. Organic acid leaching is a very selective process, ecological, and can 
produce high purity products. The main purpose of this present study is to upgrade a low-
grade phosphate sludge, which contained about 15.84% P2O5, by organic acid leaching 
using combination of acetic and lactic acid as a leaching agent for carbonates. To 
investigate the relationship between the response functions (P2O5 grade and recovery) and 
variables (Acids ratio, leaching time, temperature, acid concentration, solid/liquid ratio 
and particle size distribution), a Box–Behnken experimental design (BBD) was applied. The 
results of BBD, ANOVA analysis and the desirability function showed that optimization 
conditions helped to achieve a P2O5 grade of 33 % and a recovery of 92.9 %. The kinetic 
studies using optimal conditions revealed that activation energy for the leaching was about 
40.07 kJ/mol which is an indication of reaction control processes and the rate of reaction 
was achieved as . Results showed that by a mixture of organic acid leaching, it is possible to 
produce phosphate concentrate from low grade phosphate sludges. 
Corresponding Author: lamya.arroug@gmail.com 
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Effect of halide addition on thermal and elastic properties of binary 
Li2O-P2O5 glasses 

Leila Ouachouoa, Lahcen Biha 
a Laboratoire des Sciences et Métiers de l’Ingénieur (LSMI), Département Matériaux et Procédés, 

ENSAM Meknès, Université Moulay Ismail, Meknès, Morocco 

 

Glasses issued from the binary Li2O–P2O5 are prepared by the melt quench technique and 
the effect of alkali-halide, especially lithium chloride, on their thermal and elastic 
properties is investigated. Other physical and mechanical properties of these glassy 
materials are determined such as density, molar volume, oxygen packing density, micro-
hardness and rigidity. It is observed that the introduction of the halide component in the 
phosphate glass network leads to a decrease in its density and molar volume. From the 
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differential thermal analysis, the glass transition temperature (Tg) of each glass was 
evaluated. It is found that the halide compound affects strongly the viscosity and the 
dynamic of the glassy-network fragments. The effect of the halide component on the elastic 
constants of the glasses is also studied by estimating the longitudinal (L), shear (S), Young's 
(E), bulk (K), and Poisson’s ratio modulus values. It is observed that all these elastic 
parameters decrease with increasing the halide content in the chemical composition of the 
glasses.  

Keywords: Phosphate, glasses, Elastic constants, Glass transition temperature. 
Corresponding Author: ouachouoleila@gmail.com 
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Effect of the manganese-cobalt substitution on the microhardness and 
thermal properties of zinc phosphate glasses 

Meryem Jerroudia, Lahcen Bihb 
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Morocco. 
b Laboratoire des Sciences et Métiers de l’ingénieur (LSMI), Département Matériaux et procédés, 

ENSAM, Moulay Ismail University Meknès Morocco. 

 

Metaphosphate glasses belonging to the 10ZnO-(40-x)CoO-xMnO2-50P2O5 system, with 
0≤x≤40 mol %, have been synthesized by the melt-quenching technique. The obtained 
glasses are colored. Some physical parameters such as density, molar volume, and packing 
oxygen density are determined. It is observed that all these parameters are composition-
dependent. The density and molar volume decrease and increase as MnO2 content 
increases, respectively. Thermal properties were studied with a differential thermal 
analysis. The glass transition temperature (Tg), crystallization temperature (Tc), and the 
thermal stability (T) of each glass are evaluated. It is found that glass transition 
temperature (Tg) and the ionocovalent crosslink density (ICd) decrease with increasing the 
Mn/Co ratio. It is worth noting that the highest value the thermal stability (T=192°C) is 
obtained for the glass containing high-MnO2 content (x=30 mol %). The effect of MnO2 on 
the rigidity of the glasses is also studied by the determination of the micro-hardness (Hv) 
values. It is observed that this parameter increases with increasing of MnO2 content. This 
trend is explained according to the bond strength.  
Keywords: Phosphate; Glasses; DSC; Ionocovalent Crosslink density; Micro-hardness 
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The effect of synthesis parameters on density and thermal conductivity 
of MMT based clay aerogel. Application of experimental design model 

A. Skaropoulou, D. Kioupis, S. Tsivilis and G. Kakali 
National Technical University of Athens, School of Chemical Engineering, Athens, Greece 

 

Aerogels are a class of materials largely composed of air with very low bulk densities. Due 
to their extremely porous nature, aerogels are very promising materials for thermal and 
acoustic insulation applications. While their majority described in the literature is silica-
based, there are a limited number of references to clay-based aerogels. A chemically benign 
and abundantly available raw material can create a high added value product with low 
density and high porosity. Clay aerogels formation involve mixing of clay with water, 
freezing of the suspension and freeze-drying of the frozen gel. This work concerns the use of 
montmorillonite as a raw material for the synthesis of aeroclays with low density. Clay 
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aerogels were synthesized by mixing montmorillonite clay and water and their density was 
measured. Various agents (polyvinyl alcohol, casein and cellulose fibers) were used for the 
reinforcement of the brittle structure of clay aerogel. A multifactorial experimental design 
model is applied in order to study the combined effect of synthesis parameters on the 
density of aeroclays. Clay and reinforcing agent content in solution, along with the freezing 
temperature were the examined parameters. The thermal conductivity of the optimized 
sample was determined by means of the Heat Flow method, on a Netzsch HFM 436 lamda 
Heat Flow Meter. Resistance to fire was measured by DIN 4102. As it is concluded, 
aeroclays, derived from a solution of montmorillonite clay and water alone were brittle so 
the addition of reinforcement agent is crucial. Depending on the synthesis conditions, a 
density range from 0.05 to 0.4 g/cm3 and thermal conductivity in the range of 0.04W/mK 
was achieved. The factors with the highest impact on the density of the final product were 
the content of MMT and reinforcement agent in the precursor solution. The optimized 
synthesis in terms of density and thermal conductivity proved to be inflammable.  
Corresponding Author: agskarop@gmail.com 
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Effect of the occupation of Ba and Ti sites on the thermal and structural, 
properties of Fe and Co co-doped lead free BaTiO3 

Mohammed Tihtiha, Jamal Eldin F. M. Ibrahim a, Emese Kurovics a And László A. Gömze a, b 
a University of Miskolc, Institute of Ceramics and Polymer Engineering, Miskolc, Hungary 

b National Research Tomsk State University, Tomsk, 634050 Russia 

 

In electronic industry, ceramic compounds are important as they have a high dielectric 
constant and offer wide applications such as capacitors, sensors, actuators, power 
transmission devices, memory devices and high energy storage devices. BaTiO3 has a 
general formula of ABO3 where Ba occupies the A site and Ti occupies for B site. 
Appropriate ion doping or co-doping is an effective method to improve the structural, 
electrical and dielectric properties. Additionally, the structure and the ferroelectric 
properties of BaTiO3 ceramics can be modified by doping a cation ion at A -site or B -site. 
Recently, the doped BaTiO3 has been attracted many researchers as it had been reported to 
have good structural, optical and electrical properties can be found out at lower 
temperature. The addition of dopants like transition metal ions or other impurities makes 
the BaTiO3 as a promising multifunctional material for various applications. The 
ferromagnetic property in a ferroelectric material can be usually obtained by the 
incorporation of transition metal impurities such as Fe, Ni, Co, etc. into the ferroelectric 
host material. Furthermore, the BaTiO3 can be changed into semiconductor material by 
some kind of doping which alters the structure, grain and grain boundaries in order to use 
it for optoelectronic applications.  In the present work, the Fe and Co co-doped BaTiO3 
ceramic samples have been prepared by sol-gel method. In order to demonstrate the 
thermal and structural characters, the DTA/TGA, and X-ray diffraction (XRD) analysis 
have been carried out. The vibrational groups present in the prepared samples have been 
confirmed by monitoring Fourier transform infrared (FTIR) spectra. Raman spectroscopy 
was also used to investigate, at room temperature, the existing phase of the synthesized 
BaTiO3 powder. Furthermore, the difference between Fe and Co substitution at A and B site 
was investigated in details, through structure analysis.  
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Microstructure and mineralogy of bentonite-lime and bentonite-
periclase 
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University of Liège, B-4000, Belgium. 

 

Raw lime is frequently used to stabilize clayey road embankments. Raw lime contains 
calcium oxide, calcite and periclase. The presence of periclase in the mixture bentonite-lime 
decreased mechanical strength of the mixture. The impact of periclase on bentonite 
stability has been very poorly studied. This study aims to investigate the mineralogical, 
chemical, thermal, and microstructural stability of bentonite-CaO and bentonite-MgO 
mixtures. X-ray diffraction (XRD) analysis of the raw bentonite shows the presence of 
montmorillonite, Na and K-feldspar and plagioclase. Scanning electron microscope (SEM) 
images of montmorillonite shows an irregular morphology formed by several flaky 
platelets stacked together of 85.7-14.3 µm diameters characteristic of smectites. The XRD 
and SEM results show that the addition of 8% CaO allows the formation of hydrated 
calcium hemicarboaluminate. However, in a well-ventilated medium the formation of 
calcite is promoted. SEM images of bentonite mixed with 8% of CaO also show the 
formation of calcium silicate hydrate (C-S-H) on the surface of the montmorillonite grains. 
Differential thermal analysis (DTA)/thermogravimetric analysis of bentonite mixed with 
32% of calcium oxide shows an endothermic peak between 100 and 200°C due to the 
dehydration of the C-S-H gel formed during the pozzolanic reaction. After 30 days of 
hydration, endothermic peak at 496°C associated with an loss of mass of 1.54% is showed 
which is attributed to the hydroxylation of portlandite (Ca(OH)2 →CaO + (H2O)g) .  After 
30 days of hydration, the DRX spectrum of the bentonite-MgO mixture shows the 
occurrence of brucite, magnesium aluminate oxide and dolomite. The addition of periclase 
on bentonite allows the formation of magnesium silicate hydrate (M-S-H) gel. The DTA/ 
TGA curve of bentonite mixed with 32% of magnesium oxide shows an endothermic peak at 
411°C associated with a mass loss of 10.22% corresponding to the dehydroxylation of 
brucite The hydration kinetics of Mg(OH)2 is weak which is unfavorable for the formation 
of the M-S-H gel. SEM observations of bentonite mixed with 8% of MgO show that the 
montmorillonite grains are eroded at the surface due to the formation of brucite and M-S-
H gel on the surface of the grains. The occurrence of brucite in the interstitial spaces of the 
montmorillonite grains can cause an expansion of the clayey paste, thus reducing it 
mechanical strength.  
Corresponding Author: Harrou201@gmail.com 
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MCuP2O7 mixed diphosphates (M = Ca, Zn, Ba) were synthesized by the solid-state 
reaction. Their infrared spectra were recorded and interpreted using the factor group 
analysis of the P2O7 ion. The values of the POP angle were estimated using the Lazarev's 
relationship for all these compounds, which showed that the angles POPs are bent in all 
these materials, which coincides with the structural studies relating to these three 
compounds. An electrochemical study by the two stationary (potentiostatic polarization 
curves) and transient (measurement of electrochemical impedance) methods on the 
corrosion inhibition of steel in an acidic environment (HCl 1M) for these three compounds 
is presented. The determination of the inhibitory effectiveness of these compounds, showed 
that inhibitory efficacy increases with increasing inhibitor concentration, but it decreases 
with temperature increasing, and it is found that the compound BaCuP2O7 is the most 
efficient among the compounds studied with maximum efficiency reached 92%, the 
inhibitory efficiency of CaCuP2O7 reached 85% and also 85% for ZnCuP2O7. 
Electrochemical parameters indicate that the two compounds CaCuP2O7 and BaCuP2O7 
are mixed-type inhibitors, and the compound ZnCuP2O7 mainly acted as cathodic 
inhibitor. Thermodynamic parameters also are calculated.  

Key words:  Diphosphate, infrared spectrum, factor group, electrochemical, corrosion, inhibitor. 
Corresponding Author: hammadi.elharmouchi@uit.ac.ma 
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Substitution of the sand in the matrix intended for the containment of 
radioactive waste by two Moroccan clays 
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2Unit of Management of radioactive waste, National Center of Nuclear Energy, Sciences and Nuclear 
Techniques (CNESTN), Kenitra, Morocco 

 

The main goal of this work is to highlight the possibility of using the gradual substitution of 
sand by different natural clay rocks, as an addition in the confinement mortar of ion exchange 
resins, to improve the mechanical resistance to compression of the mortar. This study consists in 
characterizing the materials used for making the mortars. In this sense, we have carried out a 
series of tests, comprising mortars with a constant W / C (Water / Cement) ratio, varying the 
rate of addition of clay rocks and that of sand. This work also consists in analyzing the 
mechanical properties in the fresh and hardened state of the mortars. The results of these tests 
are compared with those of a control mortar. XRD and FRX analyzes were performed on the 
yellowish and grayish clays. 
Corresponding author: labiedsoumiya@gmail.com, labied.soumiya@uit.ac.ma 
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The manganese double diphosphate A2MnP2O7 (where A = Li, Na, K) have been investigated by 
vibrational spectroscopy and electrochemical study. The infrared and Raman spectra of these 
salts are interpreted using the factor group analysis. Non coincidence of the majority of the 
Raman and infrared spectra bands confirms a centrosymmetric structure of these materials. 
The vibrational spectra point to a bent POP bridge angle in these salts, and their values are 
estimated using the Lasarev relationship. An electrochemical study by the two stationary and 
transient methods on the inhibition of the corrosion of steel in an acidic medium (HCl 1M) for 
these materials was carried out thus allowing the calculation of the various electrochemical and 
thermodynamic parameters. The determination of the inhibitory effectiveness of these 
compounds, showed that inhibitory efficacy increases with increasing inhibitor concentration, 
but it decreases with temperature increasing, and it is found that the compound K2MnP2O7 is 
the most efficient among the compounds studied with maximum efficiency reached 91,4%, the 
inhibitory efficiency of Li2MnP2O7 reached 87,8%. Electrochemical parameters indicate that 
the two compounds K2MnP2O7 and Li2MnP2O7 are mixed-type inhibitors. Thermodynamic 
parameters are also determined.  
Key words: Diphosphate, factor group, Infrared spectrum, Raman spectrum, electrochemical, 
corrosion, inhibitor. 
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Low-cost and eco-friendly Moroccan natural clay to remove many bivalent 
heavy metal ions: Cu2+, Co2+, Pb2+, and Ni2+ 
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Because industry consumes large amounts of water, a large number of heavy metals are 
discharged into the environment. Water pollution caused by heavy metals is a major challenge, 
particularly in developing countries that do not yet have all of the options for incorporating 
sustainable development concepts. The quality of water is constantly deteriorating due to the 
various heavy metals emitted into the environment by industrial activities, which have been 
proven to be extremely toxic. By a biological chain, heavy metals can penetrate and accumulate 
in the human body, resulting in serious diseases such as cancer, gastric dysfunction, anemia, etc. 
Then, elimination of heavy metals has become necessary in order to avoid or to reduce the 
mentioned diseases. The removal of heavy metals from industrial wastewater in an inexpensive 
way is a great challenge for researchers and scientists. For this purpose, natural clays are 
widely used thanks to their cost-effectiveness, availability, abundance, high adsorption capacity, 
and high specific surface area. So, the clay used in the present work was taken from Had-Kourt- 
Rabat, Salé, Kenitra region. This clay was first characterized by X-ray diffraction XRD and then 
applied for an adsorption study to remove some bivalent heavy metal ions M2+ such as: Cu2+, 
Co2+, Ni2+ and Pb2+. The effects of physico-chemical parameters on adsorption capacity and 
removal efficiency were investigated: solution pH, initial concentration of M2+, clay dosage and 
contact time. The optimized conditions for best adsorption and removal efficiency at room 
temperature are: pH=8, initial concentration of 140ppb, contact absorbent dosage of 3g and 
contact time of 60 min. Adsorption data of all used heavy metal ions fitted well with the linear 
forms of both the Freundlich and Langmuir isotherm models, which explain the adsorption 
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kinetics. According to this, Had-kourt clay can be considered as a promising candidate for 
environmental applications. 
Keywords: Removal efficiency, Adsorption capacity, Natural clay, Heavy metal ions M2+, Adsorption 

isotherms. 
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Physico-chemical characterization of natural rocks and their valorization 
on the removal of arsenic from aqueous solution 

Rajaa Bassama*, Marouane El Alouanib, El Hassan El Khattabia, Nabila Jarmounia, Jabrane 
Maissaraa, Mohammed El Mahi Chbihia, and Said Belaaouada 

aLaboratory of physical chemistry of materials LCPM, Faculty of Sciences Ben M’Sik, Hassan II 
University of Casablanca,  Morocco. 

b Laboratoire de Physico-chimie des Matériaux Inorganiques et Organiques (LPCMIO). Ecole Normale 
Supérieure (ENS), Mohammed V University in Rabat, Morocco. 

 

The application of natural and abundant adsorbents such as rocks and clays for water 
treatment is a legitimate way to preserve water capital. This is why the present research has 
focused on the physico-chemical characterization of a series of natural rocks samples in the 
Middle Atlasregion of Morocco. The purpose of this work was to understand and compare the 
influence of the structure and surface properties of some natural rocks and their valorization in 
the removal of arsenic from aqueous solution. The adsorbents were characterized before and 
after the adsorption of arsenic using several techniques, including inductively coupled plasma 
mass spectrometry (ICP-MS), X-ray diffraction (XRD), the Fourier transform infrared (FTIR), 
scanning electron microscopy with energy-dispersive X-ray spectroscopy (SEM/EDX), and the 
cation exchange capacity (CEC). The adsorption phenomenon allowed conclusions to be drawn 
on the physico-chemical properties of some natural rocks and on the nature of the interactions 
between an inorganic pollutant and the surface of these materials, according to several 
experimental parameters such as adsorbent mass, contact time, pH, and initial arsenic 
concentration. The adsorption kinetic was investigated using the pseudo-first-order, pseudo-
second-order and intra-particle diffusion kinetic models. The pseudo-second-order kinetic model 
is best adapted to describe the adsorption kinetics of arsenic at the surface of all rocks. 
chemisorption appears to be the most likely mechanism. The isotherms data were analyzed 
using the Langmuir and Freundlich isotherm models. The constituted adsorption isotherms 
shown that the adsorption of arsenic by the rocks is in perfect correlation with the Langmuir 
and Freundlich mode. In general, based on the results obtained, arsenic behaves differently 
relative to the rocks studied. 
Corresponding author:bassam.rajaa@gmail.com 
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L’utilisation des coproduits de la filière Oléicole dans les briques de terre 
État de l’art 

Hind Chraibi, Fatima-Ezzahra El Abbassi, Siham Sakami And Azzouz Kchikach 
University Cadi Ayyad University, Department of civil engineering, FST, Marrakech, Morocco 

 

In 2020, an estimated 3.2 million metric tons of olive oil was produced worldwide. Producing 
also asimilar amount of a solid and liquid coproducts consisting mainly of pomace and olive 
mill wastewater. Theseby product are generally untreated and discharged immediately into the 
environment which consists a majorecological issue for olive oil-producing countries due to 
their high toxic organic loads and low pH. Morocco isone of the countries facing this issue. 
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Actually, we are highly ranked in the world in terms of production andexploitation of products 
from the olive sector which constitutes 5% of our national agricultural Gross DomesticProduct 
(GDP). Furthermore, the building sector in Morocco represents 33% of the energy 
consumednationally. Thereby, the construction industry must adapt to new trends and 
environmentally sustainableconstruction systems, thus requiring lines of research aimed at 
keeping energy consumption in new buildingsas low as possible.In this context, this work 
presents a review of the state of the art concerning the uses ofcoproducts from the olive industry 
in construction materials, more specifically fired and unfired clay bricks. 

First, we went by the chemical composition of the coproducts taking into consideration the used 
process ofextraction. In fact, olive oil can be extracted through discontinuous or continuous 
processes. In both processesyield three fractions: a solid residue and two liquid phases (oil and 
olive mill wastewater). We surveyed severalacademic research that showed that these 
coproducts are mainly composed of phenolic compounds,carbohydrates, organic acids and 
mineral nutrients variably distributed depending on the process employed andthe agronomic 
practices. Then, we discussed and expounded the physical, mechanical and thermal properties 
ofbricks reinforced by olive oil coproduct. In particular, we outlined that with olive oil coproduct 
we can producelight, porous earth bricks with good thermal performance. 
Key words:By-products / Olive-pomace / Margins / Earth bricks / Porosity / Apparent density / 
Mechanical resistance / Thermal conductivity. 
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Thermal, Structural and Dielectric properties of Ta2O5-Bi2O3-P2O5 
phosphate glasses 

M. Laourayeda, Y. Alaouia, M. El Moudanea, M. Boudaliaa, S. Echihia, M. Abidb, A. Guenboura, 
A. Bellaouchoua. 

aLaboratory of Materials, Nanotechnology, and Environment, Mohammed V University, Faculty of 
Sciences, Rabat, Morocco 

bCRMEF, Laboratory of Scientific Research and Educational Innovation, Rabat, Morocco 

 

Glass with Ta2O5, Bi2O3, and P2O5 was prepared via normal melt quenching technique, 
characterized by DRX, DSC analysis, Infrared spectroscopy, and followed by a study of the 
dielectric properties. Glass transition temperature Tg is found to grow with bismuth oxide 
concentration and goes from Tg=524 °C for x=10 to Tg=582°C to x=20. The density 
increase with the increase of Bi2O3 content, and molar volume Vm diminish when Bi2O3 
content rise, also have been investigated to understand the role of Bi2O3 in the studied glassy 
materials. The IR study shows the presence of BiO6 and PO3 structural groups and reveals the 
depolymerization of the phosphate chains by the formation of Bi-O-P due to the incorporation of 
Bi-O. The effect of partial replacement of P2O5 by Bi2O3 in the dielectric properties shows that 
the variation of those dielectric parameters such as ′ are strongly increase with the increase 
in the concentration of Bi2O3. Dielectric loss tan  variation with temperature for the glasses 
containing different percent of Bi2O3 exhibited dipolar relaxation effects.  
Keywords: Phosphate glasses, DSC, Density, Infrared Spectroscopy, Dielectric Properties.  
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Explore the thermal behaviour of construction materials: Terracotta, 
concrete hollow block and hollow brick, under the arid and semi-arid 

climate, case of Biskra-Algeria 
Soumia Rahmani1, Dalel Kaoula1 

1 University of Blida1, Institute of architecture and urbanism, Blida, Algeria 

 

The indoor thermal comfort in buildings, according to the literature review, took animportant 
place among many other researches, due to its influence on the occupant, consequentlyon its 
performance and productivity in all day activities. During the Covid-19 pandemic, andunder the 
obligation of staying home and achieve the ordinary missions on distance, the attentionreturns 
to give more importance to provide the appropriate conditions of comfort. This paperaims to 
explore the thermal behaviour of the house envelope constructed with different 
material:terracotta, hollow concrete block and hollow brick. An experimental work has been 
done throughan in-situ investigation with climate measuring instrument (testo 480); The 
variables measured toexplore the thermal behaviour of each wall system were: the outdoor 
temperature °C, and theSurface wall temperature from internal and external wall face °C; the 
interpretation was inpurpose to compare then classify according to thermal behaviour the 
following constructivematerials that of terracotta masonry, hollow concrete block and hollow 
brick, in residentialbuilding type, under the arid and semi-arid climate condition, case of the 
city of Biskra- Algeria. As a general outcome, it proved that the terracotta wall has a good 
thermal behaviour comparedto the hollow concrete block wall and the hollow brick, and 
provides a good protection from theoutdoor climate conditions, but still the problem of thickness 
on the way of the reuse of thisvernacular masonry system. Therefore, this work permitted us to 
classify the chosen localmaterials according to its thermal behaviour performance, which does 
highly influence theenergy performance of the considered houses, that was indebted to active 
appliances to improvethe ambient temperature to get in the appropriate range of thermal 
comfort; and going toaccomplish the opened studies in developing a local material that keeps 
the synergy between comfortable and economic construction as an inspiration from vernacular 
know-how houses. 
Corresponding Author: soumia.rahmani.architect@gmail.com 
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Structural, magnetic and optical properties study of tellurium–based: Sr3–
xPbxFe2TeO9 (0 ≤ x ≤ 2.25) double perovskites 

Abdelhadi El Hachmi a, Bouchaib Manoun a,b, Mohammed Sajieddine c, Peter Lazor d 

a University Hassan 1er, Laboratoire Rayonnement-Matière et Instrumentation, Settat, Morocco 
b University Mohammed VI Polytechnic, Materials Science and Nano–Engineering, Ben Guerir, Morocco 

c University Sultan Moulay Sliman, Material Physics Laboratory, Beni–Mellal, Morocco 
d Uppsala University, Department of Earth Sciences, Uppsala, Sweden. 

 

Materials family of A3B’2B’’O9 (A = alkaline–earth metal ions with valence +2, B’ and B’’= 
transition metal ions with valences +3 and +6 respectively) were subjected to extensive studies, 
and have attracted significant interest owing to their physical properties and technological 
applications. The discovery of colossal magnetoresistance (CMR) in the ordered A2B’B’’O6 double 
perovskite oxides has given rise to many recent research. Polycrystalline samples of the series of 
triple perovskites Sr3−xPbxFe2TeO9 (0 ≤ x ≤ 2.25) were synthesized using solid state reaction. 
These materials have been studied by a combination of XRPD, Mössbauer spectrometry, Raman 
and UV–Vis spectroscopies. The crystal structures were resolved by the Rietveld refinement 
method, and revealed that this Sr3−xPbxFe2TeO9 (0 ≤ x ≤ 2.25) system shows one space group 
change from tetragonal I4/m (0 ≤ x ≤ 1) to another tetragonal form I4/mmm (1.25 ≤ x ≤ 1.88) 



116

CMSS 2021: International Congress on Materials & Structural Stability 
Eco-Friendly Sustainable and Energy Efficient Materials & Constructions 

 

Rabat, Morocco, 24-26 November 2021 
 

 

 

 

 

 

and a second transition to hexagonal R-3m(2.08 ≤ x ≤ 2.25). The valence state of iron in the Fe 
site was determined to be Fe(III) by Mössbauer spectrometry, which also revealed two sites in a 
concordance with the XRPD measurements. 57Fe Mössbauer spectra measurements show 
paramagnetic and magnetic ordering behaviors. The observed Raman spectra as a function of 
composition show obvious changes on the positions (wavenumbers), the FWHM and the 
intensities of the modes confirming the phase transformations observed by the XRPD results. 
These structural transitions led to a distinct change in the optical band gap energy, varying 
from 2.14 to 1.85 eV. 
Corresponding Author: elhachmi.abdelhadi@gmail.com 
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Structural and optical proprieties of Nanocomposites (Polyvinyl alcohol–
Polyethylene Oxide– Mg2Al0.5 Fe0.5 (CO3) 

Abdelmonim Assekouri a, Fatima Zahra Bouragbaa, Redouane Lahkalea and Elmouloudi 
Sabbara 

a Faculty of Science –University Chouaib Doukkali, Chemistry Departement, Laboratory Physico – 
Chemistry of Materials, El Jadida–Morocco; 

 

In the last decades, studies and investigations on polymer–clay nanocomposites (PCNs) have 
drawn substantial attention owing to improvements in their mechanical, thermal, gas 
permeability, electrical, optical and pharmaceutical properties. Polymer blends and 
nanocomposites gained considerable importance for researchers and scientists. Poly vinyl 
alcohol (PVA) and polyethylene oxide (PEO) are water soluble and biodegradable polymers and 
can form a variety of H-bonded complexes with additives/dopants, which makes them 
industrially important polymers and their blends can be of significant practical utility. PVA is a 
polymer with a carbon chain backbone with hydroxyl groups attached to methane carbons 
while PEO is a simple chain polymer with etheric linkage. In addition, they have entered into a 
wide range of electronic and industrial applications. So, in the present work, nanocomposite 
polyvinyl alcohol- polyethylene oxide- Mg2-Al0.5 -Fe0.5 (CO3), lamellar double hydroxide 
(abbreviated notation MAFC) have been prepared with different concentrations of clay mineral 
MAFC nanoparticles. The clay nanoparticles were added to (PVA-PEO) blend by weight 
percentages (2, 4 and 6 wt %). Indeed, in a first step the anionic clay is synthesized by the direct 
coprecipitation method at constant pH, and then the films were synthesized by a technique of 
casting in aqueous solution using distilled water as solvent. The optical microscope images 
indicate that the LDH nanoparticles additive distribution was homogeneous in the (PVA-
PEO).X-ray diffraction displays the semi crystalline nature of PVA-PEO, characterized by two 
broad peaks at 2 ≈19 and 23◦, which decreased by increasing the concentration of MAFC.  FT-
IR indicates that no change was observed on chemical structures between the (PVA-PEO) blend 
and the nanocomposites PVA-PEO-MAFC. The Optical measurements showed that the 
absorbance of (PVA-PEO-MAFC) nanocomposites was increased with increase of the 
concentrations of MAFC nanocomposites. With increasing of the concentrations of clay mineral 
nanoparticles, the direct energy gap (E g) of (PVA-PEO) blend will be decreased 
Corresponding Author: monim.skori95@gmail.com 
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(III) and visible light activity enhancing effect 
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Heterogeneous photocatalysis is an emerging green technology for treating persistent 
pollutants based on the redox capacity of electron-hole pairs photogenerated on a 
semiconductor material following absorption of electromagnetic radiation. Since the first 
discovery of TiO2 as a photocatalyst in the region of UV light, a variety of researches have been 
carried out to discover a visible light active catalyst. Silver phosphate (Ag3PO4) was first 
reported in 2010 as a promising semiconductor for water splitting and organic contaminants 
decomposition in an aqueous environment under visible light irradiation. However, the high 
cost of silver precursors and the instability of the Ag3PO4 catalyst in solution are the major 
drawbacks of the large-scale use of this material, which has paved the way for so much work to 
overcome these obstacles. According to previously published papers, heterojunctions, grafting 
and doping of metal cations are the main methods proposed for boosting the activity of Ag3PO4 
and its stability. In the current work, we have adopted the doping approach by synthesizing a 
new Indium (III) doped-Ag3PO4, with different dosages (5%, 10%, 15% and 20%). To our 
knowledge, it has not been reported before. The photocatalytic activity of the synthesized 
materials was evaluated in the degradation of methyl orange (MO) and auramine O (AO) as 
model textile dyes under different pH conditions. The samples were characterized by FTIR, X-
ray diffraction (XRD) and scanning electron microscopy (SEM) to inspect the presence of In(III) 
in the Ag3PO4 lattice and changes in morphologies resulting from the increase in doping 
percentage. 
Corresponding Author: habiba.khiar@gmail.com 
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Synthesis, characterization and photocatalytic performance of 
Co0.5Zn0.5Al2O4 spinel mixed oxides 

Alaâeddine Elhalila, Aicha Machrouhib, Wafaa Boumyab, Rachid Elmoubarkib, M’hamed Sadiqb, 
Mohamed Abdennourib, Noureddine Barkab 

a Laboratory of Process and Environmental Engineering, Higher School of Technology, Hassan II 
University of Casablanca, Morocco. 

b Research Team in Environmental Sciences and Applied Materials (SEMA), Sultan Moulay Slimane 
University of Beni Mellal, , FP Khouribga, Morocco. 

 
In this work, Co0.5Zn0.5Al2O4 spinel mixed metal oxides photocatalysts at different temperatures 
(300, 400, 500, 600, 800 and 1000 °C) were prepared from Zn-Co-Al-CO3 layered double 
hydroxides precursors. The synthesized catalysts were characterized by various 
physicochemical techniques including X-ray diffraction (XRD), Fourier transform infrared 
spectroscopy (FTIR), Thermal analysis (TGA/DTA) and Scanning electron microscope (SEM). 
The photocatalytic activity of the catalysts was evaluated for the degradation of methyl orange 
as a model of textile pollutant in aqueous solutions under UV irradiation. Detailed 
photocatalytic experiments based on the effects of irradiation time, catalyst dose, initial pH, 
methyl orange concentration and reuse were performed and presented in this study. The 
enhancement of photocatalytic activity was strongly dependent on the calcination temperature. 
The catalyst calcined at 400°C showed the highest photocatalytic activity with a degradation 
efficiency of 98.2% after 50 min of irradiation. It showed a significantly higher rate of 
degradation compared to pure ZnO and standard Degussa P25 titanium dioxide. The 
photocatalyst showed high stability after five regeneration cycles. 
Keywords: Co0.5Zn0.5Al2O4 spinel; Mixed metal oxides; Photocatalytic property; Methyl orange 
degradation, UV irradiation. 
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Preparation and characterization of novel organo-mixed-layer clay 
minerals 

Nordin Ben Seddika, Ihssane Raissounia, Khalid Draouia, Anas Chrakaa, Faiza Chaouketa and 
Dounia Bouchtaa. 

a University Abdelmalek Essaadi, Department of Chemistry, Tetouan, Morocco 
 

In the present work, bionanocomposite materials based on mineral clays as adsorbents and 
corrosion inhibitors are prepared. The objective of this study is to develop and characterize an 
organo-mixed clay. The raw clay used is located in the north of Morocco, it is composed of an 
interstratified mineral clay (illite-smectite) as the main component, in addition to some other 
minerals such as chlorite and kaolinite. The illite-smectite clay fractions were then homoionized 
with sodium Na+ by cation exchange reaction. The resulting composite, labeled (Na-I-S), was 
first intercalated with a surfactant (CTA+), this step having the role of increasing the 
hydrophobicity in the interlayer space of the smectite part of this mineral clay. The organoclay 
is then modified by carvacrole molecules (extracted from a local plant). The modification is 
confirmed by X-ray diffraction (XRD) method, which indicates the shift of the characteristic Na-
I-S phase from about 2θ=18.97° (4.66Å) to small angles at about 2θ=14.76° (5.99 Ǻ) in the 
nanocomposite (Carv-CTA-I-S), and thus the increase in the corresponding basal spacing. It is 
likely that the carvacrol molecules can be attached to the edges of its oxygens located on the 
octahedral layer of the mieral clay by grafting. The modeling part of this study is performed by 
BIOVIA/Materials Studio software, to better explain this preparation procedure. 
Keywords: Mixed layer, Illite-smectite, Carvacrol, XRD, CTA+, Modeling. 
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Physicochemical Characterization of Moroccan Natural Clays and the 
Study of their Adsorption Capacity for the Methyl Orange and Methylene 

Blue Removal from Aqueous Solution 
Meryem Assimeddine, Zohra Farid, Mohamed Abdennouri, Noureddine Barka And M’hamed 

Sadiq 

Sultan Moulay Slimane University of Beni Mellal, Research Group in Environmental Sciences and Applied 
Materials (SEMA), FP Khouribga, Morocco 

 

The objective of this work was the physicochemical characterization of a Moroccan natural clay 
from the Jorf Arfoud region (Lampert Coodinates: x = 595610, y = 101578) and its valorization 
in the elimination of organic pollutants (methyl orange MO and methylene blue MB) from 
aqueous solutions, with the adsorption technique on raw and calcined clay at 500°C. The clay 
was characterized by chemical analysis such as X-ray fluorescence (XRF), X-ray diffraction 
(XRD), Fourier Transform Infrared Spectroscopy (FTIR) and Scanning electron microscopy 
(SEM). Crude and purified clays, consisting essentially of silica and alumina, are a 
characteristic property of phyllosilicates and also contain amounts of quartz, kaolinite and 
calcite as associated minerals. The experiments were performed after optimization of the 
parameters influencing the system, such as pH, adsorbent mass, initial dye concentration and 
temperature. The clays used absorb better the MB than MO, for an initial concentration of 10 
mg/L and 20 mg/L respectively. Langmuir and Freundlich models of adsorption isotherms 
were applied to fit experimental equilibrium data. Results have showed that the adsorption of 
MB and MO followed very well the second order kinetic model on raw clay. The adsorption 
process was found to be exothermic in the case of MB. However, the adsorption of MO was 
endothermic. 
Corresponding Author: meryemassimeddine@gmail.com 
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Optimization of phosphate ore flotation parameters at neutral pH using 
box- Behnken design 

Zohra Farid, Meryem Assimeddine, Mohamed Abdennouri, Noureddine Barka, Rachid EL 
Moubarki, M’hamed Sadiq 

Sultan Moulay Slimane University of Beni Mellal, Research Group in Environmental Sciences and Applied 
Materials (SEMA), FP Khouribga, Morocco 

 

This work was aimed to study the applicability of Soybean oil soap (SOC) as a natural collector 
for the flotation of phosphate ore at neutral pH. Box-Beheken Design in Response Surface 
Methodology was used to optimize the performance of the flotation process in terms of % P2O5. 
Three independent variables the mass of the collector (g), the solid content (%) and the pulping 
time (min) were investigated. Quadratic model was developed and evaluated using ANOVA 
analysis. The results showed the model obtained for % P2O5 was found to be statistically 
significant and the predicted values were in good agreement with the actual values (R2 value 
was 0.989). Floatability up to a certain value and thereafter resulted in diminishing the relative 
floatability. Meanwhile, the results indicated that increment of solid concentration increased the 
relative floatability in range investigated. % P2O5 was more influenced by solid content and 
pulping time compared with mass of the collector. Maximum % P2O5 by more than 23.16 % was 
reached at the optimum conditions 0.59 g for mass of the collector, 19.7 % for solid content and 9 
min for pulping time.  
Corresponding Author: FARIDZOHRA@hotmail.com 
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Synthesis, Crystal Structure, IR spectroscopy and DFT computation of the 
new variety of 2-carboxyanilinium dihydrogen phosphate (C7H8NO2+. 

H2PO4-) 
Smail El Makhloufya*, El Mehdi Majdia, Ali Ouasric, Mohamed Saadib,  

Lahcen El Ammarib and Said Belaaouada 
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b Laboratoire (ReSIP); Centre Régional des Métiers de l’Éducation et de la Formation, Rabat, Morocco. 

b Laboratoire de Chimie Appliquée des Matériaux, Centre des Sciences des Matériaux, Faculty of Sciences, 
Mohammed V University in Rabat,  Morocco. 

 

In recent years, many combinations between organic and inorganic components have been 
made to create materials in several areas, e.g. sorbents, catalysts and biotechnological 
materials. The hybrid compounds were characterized by interesting molecular interactions and 
hydrogen bonding, as found in the amino acid-phosphate hybrid materials, which have been 
recently investigated. The crystals of 2-carboxyanilinium dihydrogen phosphate (C7H8NO2+. 
H2PO4-) were prepared by slow evaporation technique at room temperature. Single crystal X-
Ray diffraction analysis shows that the new synthetized compound crystallizes in the monoclinic 
system with P21/n (Z = 4) space group, and the following unit cell parameters a =10.6538(8) Å, 
b = 4.8249(4) Å, c = 19.0605(15) Å, β= 99.317 (3)°, V = 966.85(13) Å3. The structure refinement is 
made by the least-squares method with full matrix at R = 0.032 and wR= 0.092 for 2948 
independent reflections. In the title structure, [H2PO4]- anions and [C7H8NO2]+ cations are linked 
together by medium to strong hydrogen bonds, forming a three-dimensional complex network, 
which ensures the structure cohesion. The new structure variety is compared to the allotropic 
triclinic form determined elswhere. The infrared spectrum of this compound is reported and 
discussed based on theoretical group and computational analyses. For this, the optimal 
molecular geometry, harmonic vibrational frequencies, and infrared intensities were calculated 
using the density function theory (DFT) method using the B3LYP functional with the 6-311G 
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(d,p) basis set. The theoretical Infrared and the HOMO-LUMO properties have been 
determinated and discussed for this compound. The computational structural parameters 
results are generally found in agreement with the experimental investigations. 
Corresponding Author:smail.elmakhloufy@gmail.com 
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Formation of solid solutions and advanced ceramic in the ternary CeO2-
La2O3-Ln2O3 systems 
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b National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”, Kiev, Ukraine 

 

The systems containing CeO2 and Ln2O3 are perspective for the development of energy saving 
technological solutions and solid oxide fuel cells (SOFC). Ceramics based on ZrO2 is used as a 
high temperature electrolyte for SOFC. The solid solutions based on CeО2 are the most 
perspective electrolytes, operating at moderate temperatures, because their ionic conductivity 
and high sensitivity to changes of oxygen partial pressure is much higher than ones of ZrO2 
stabilized with Y2O3 (YSZ). Present work is about phase equilibria in the ternary CeO2-La2O3-
Ln2O3 systems at 1500 °C in air in the whole concentration range. X-ray diffraction, 
petrography and electron microprobe X-ray diffraction were used to determine phase contents. 
The microstructures of the sintered and melted ceramic samples were examined by using the 
scanning electron microscopy (SEM). Isothermal cross sections of state diagrams of ternary 
systems CeO2–La2O3–Ln2O3 (Ln2O3 = Sm2O3-Yb2O3) at 1500 °С are constructed. It is established 
that with the decrease of the ionic radius Ln3+ the structure of isothermal sections becomes more 
complicated, which is associated with the polymorphism of the initial components.It was found 
that solid solutions based on cubic (F) modification with CeO2 fluorite type, monoclinic (B), cubic 
(C), hexagonal (A) modifications of Ln2O3 and ordered phase with a perovskite-type structure 
LaLnO3 are formed in the ternary CeO2–La2O3–Ln2O3 systems. The largest area of isothermal 
cross sections of these systems is occupied by cubic solid solutions with a structure of the fluorite 
type. As the ionic radius of the lanthanide decreases, this region shifts toward the angle of the 
lanthanide oxide, which is due to the temperature stability of the cubic C-modification of the 
lanthanide oxides. During the transition to the yttrium subgroup in the systems (Ln2O3 = Er2O3, 
Tm2O3, Yb2O3, Lu2O3) of this series, the formation of an ordered phase with a perovskite-type 
structure LaLnO3 is observed. Significant dissolution of Ce4+ in the crystal lattice of an ordered 
structure of the perovskite-type ( LaLnO3) is not observed. The results of the study of phase 
equilibria in ternary CeO2–La2O3–Ln2O3systems are presented as reference material and can be 
used, in particular, for design and development of new materials. 
Corresponding Author:Kornienkooksana@ukr.net 
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Electrodeposition of nanostructured Cu2O thin films on different 
conductive substrates 

A. Ait Hssi*a, N. Labchira, A. Soussia, A. Elfanaouia, A. Ihlala, and K. Bouabida 
a Materials and Renewable Energy Laboratory, Ibn Zohr University, Agadir, Morocco 

 

Nanostructured cuprous oxide (Cu2O) thin films have been deposited onto different conductive 
substrates (FTO, ITO, and Mo) by low-cost electrodeposition method (ED). The effect of 
conductive substrate on structural, morphological, optical and electrical properties of 
electrodeposited Cu2O films was studied by X-ray diffraction (XRD), scanning electron 
microscopy (SEM), UV–Vis absorption, and Mott Schottky analysis. XRD revealed that on all 



121

CMSS 2021: International Congress on Materials & Structural Stability 
Eco-Friendly Sustainable and Energy Efficient Materials & Constructions 

 

Rabat, Morocco, 24-26 November 2021 
 

 

 

 

 

 

 

 

three substrates, a single-phase is formed crystallizing in a cubic structure with (111) plane 
orientation, demonstrating a good crystal quality. SEM micrographs showed that the deposits 
were homogeneous, dense, and uniform with a morphology grain with three and four facets 
pyramid shaped. Smaller grain size and the largest surface area on the molybdenum substrate 
were observed. The optical band gap of Cu2O elaborated on ITO and FTO are respectively 2.26 
and 2.20 eV. All Cu2O films showed p-type semiconductor characteristics with carrier densities 
that varied between 2×1018 – 3.76×1020 cm−3. 
Keywords : Cu2O film; electrodeposition; Conductive substrates; cyclic voltammetry; Mott Schottky 
analysis. 

Corresponding Author: abdo.aithssi@gmail.com 
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Piezoelectric Applications for Cellulose Films 
Sara Rbihi a, F. Ijjaali a,  L. Laallam a, A. Jouaiti a 

a Sultan Moulay Slimane University, Laboratory of Sustainable Development, Beni Mellal, Morocco. 

 

Biodegradable cellulose fibers can be transformed into renewable and bio-alternatives films. 
The piezoelectric sensitivity and the responses of these films showed a significant value (2-8 pC / 
N). These results showed their suitability in sensing and energy harvesting applications. The 
results show that cellulose films can be used to prepare new materials with varying piezoelectric 
properties. In addition, the use of the quasi-static method to measure the piezoelectric 
coefficients could be used to control and optimize the structure and the piezoelectric properties 
of the films. 
Corresponding Author: rbihi.sara@gmail.com 
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Combined DFT and MD simulation approach for the study of SO2 and CO2 
adsorption on carbon graphite (111) surface in aqueous medium 

Malika Khnifira1, Anass Mahsoune1, M’hamed Sadiq1, Noureddine Barka1, Mohamed 
Abdennouri1. 

1 Sultan Moulay Slimane University of Beni Mellal, Research Group in Environmental Sciences 
and Applied Materials (SEMA), FP Khouribga, Morocco. 

 

In this study, density functional theory (DFT) calculations combined with molecular dynamics 
(MD) simulation have been used to understand the adsorption mechanism of sulfur dioxide 
(SO2) and carbon dioxide (CO2) on the graphite surface in aqueous medium, in view ofanalytical 
and environmental application. The global reactivity descriptors, such as the frontier molecular 
orbital energies (EHOMO and ELUMO), gap energy (∆Egap), absolute hardness (η) and softens (σ), 
fraction of electrons transferred (∆Nmax) and electronegativity (χ) were evaluated. Thedynamic 
descriptors calculated by the MD simulation such as the adsorption energy (Eads), total energy 
(Etot), deformation energy (Edef), and rigid adsorption energy (RAE) anddEads/dNi were also 
calculated and discussed. The obtained results indicated strong electron acceptor ability and 
high adsorption energy, which can suggest goodadsorption ability. The interaction energies 
(∆Einteraction) were negative for both gases indicating strong attractiveforce between the 
molecules and the graphite surface. The highest values of the binding energy (∆Ebinding) indicate 
that the adsorption of each molecule is strong and stable, which is inagreement with the 
interactionenergies. The values of EHOMO and Eads were negative, indicating that the complete 
chemical processes occurs pontaneously. Furthermore, MD simulation was applied to 
investigate the most stable configuration of the molecules on the carbon graphite (111) surface. 
The larger Eads and the smaller bond distances indicate that graphiteexhibited higher sensitivity 
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to interact with SO2 and CO2 molecules in an aqueous medium. 
Keywords: Greenhouse gases, Carbon graphite, Density functional theory, Molecular dynamics 
simulation 
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Inkjet printing of silver conductive ink on textiles for wearable electronic 
applications 

Abdelkrim Boumeganane 1, 2* Ayoub Nad 2, Omar Cherkaoui 2, Mohamed Tahiri1 
1Interface materials environment laboratory Faculty of Sciences Ain Chock, Hassan II University. 

Casablanca, Morocco. 
2Laboratory of Research on Textile Materials (REMTEX), Higher School of Textile and Clothing 

Industries (ESITH), Casablanca, Morocco 

 

In this study, silver nanoparticles were synthesized with a starch-based reduction biosystem at 
room temperature. With this approach, high concentration silver nanoparticles were produced 
on a large scale with a low starch/AgNO3 mass ratio, which was very advantageous for the low 
cost and high conductivity. Conductive inks were prepared from the synthesized silver 
nanoparticles by dispersion of the nanoparticles in a non-conductive commercial ink. Various 
patterns have been developed by printing silver nanoparticles with different percentages from 
5% to 25% on a cotton substrate using a syringe. The printed patterns show a resistivity drop 
depending on the sintering temperature and nanoparticle concentration in the range of 8M and 
8× 10-5 MΩ by heat treatment varying between 60°C and 320°C for 10min. In addition, a LED 
test was successfully performed on the fabrics. These flexible patterns produced by inkjet 
printing would present a considerable success for textile-based electronic devices with low cost.  
Corresponding Author:boumegnanechimie.96@gmail.com  
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Preparation of novel nanocomposite based on clay mineral and iron oxide 
with excellent adsorption performance for removal of toxic dye 

Hamza Ighnih*a, RedouaneHaounatia, Hassan Ouachtakb,Naima Hafidc, Amane Jadad, 
AbdelazizAitAddia. 

a) Physical Chemistry and Environment Team (ECPE), Faculty of Sciences, Ibn Zohr University, Agadir, 
Morocco. 

b) Laboratoire de Chimie Appliquée & Environnement, Equipe Bio-organique Appliquée, Faculté des 
sciences, Université Ibn Zohr, Agadir, Morocco. 

c) Centre Régional des Métiers de l'Education et de la Formation Souss Massa, Morocco. 
d) Institut de Sciences Des Matériaux De Mulhouse (IS2M-CNRS), Université de Haute Alsace (UHA), F-

68100 Mulhouse, France 

 

The industrial effluents resulting from the textile activities of the tannery or the printing 
industry often present important dyes pollutant load which is difficult to biodegrade.Their 
removal from aqueous solutions by conventional techniques proves in certain cases ineffective. 
In this work, we studied the adsorption process in batch system for removal a cationic dye using 
a new nanocomposite based on clay mineral and iron oxide. The iron oxide are synthesized by 
co-precipitation and nanocomposite adsorbent are synthesized utilizing a simple technique 
involving a sonication-induced exfoliation process, followed by chemical scrolling reactions The 
synthesized adsorbent was characterized by various analytical techniques such as X ray 
diffraction (XRD), Fourier Transform Infrared Spectroscopy (FTIR), X-ray Energy Dispersive 
Spectroscopy (EDS), Scanning Electron Microscopy (SEM), high-resolution transmission 
electron microscopy (HRTEM) and BET. The batch adsorption test was applied to study the 
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ability of the adsorbent to remove malachite green (MG) dyes from aqueous solution. The 
obtained results revealed that the adsorption process was highly dependent on physicochemical 
parameters such as the mass of adsorbent, flow rate, concentration and pH of the solution. The 
adsorption process of MG dyes by nanocomposite based clay mineral adsorbent was described 
by the kinetic model pseudo-second order and Langmuir isothermal model. Thus, these results 
show that the clay nanocomposite can be used as a superb adsorbent of hazardous dyes in 
wastewater. 
Keywords: Adsorption, nanocomposite, iron oxide, clay mineral, Malachite greenMG, malachite green, 
kinetics. 

Corresponding author: Hamza.ighnih@gmail.com 
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First principle and experimental studies of electronic and optical properties 
of Anatase TiO2 

A. Soussia,*, A. Ait Hssia, A. Asbayoua, A. El Fanaouia, R. Markazib, A. Ihlala, K. Bouabida 
a Materials and Renewable Energy Laboratory, Ibn Zohr University, Agadir, Morocco 

b High School of Technology- Guelmim, Ibn Zohr University, Agadir, Morocco. 

 

Titanium dioxide is currently the focus of intensive research because of its interesting chemical, 
electrical and optical properties. In this work, we report the results of the optimization of the 
structure, electronic band structure, the density of states (DOS), the partial density of states 
(PDOS) of the anatase phase of titanium dioxide (TiO2) using first-principles calculations.  

A comparison of a generalized gradient approximation (GGA) and Tran and Blaha’s modified 
Becke-Johnson (TB-mBJ) exchange potential within the density functional theory using 
WIEN2K code are realized. Half-relativistic calculations are performed. We have carried out 
convergence tests of total energy t for TiO2 as a function of max parameters and as a 
function of K-points number over reduced Brillouin zone. The calculations were performed in a 
self-consistent way, using the three approximations. Therefore, the (TB-mBJ) calculations show 
better agreement with experimental data than LDA calculations and GGA calculations. 

In the present work, the electronic, optical titanium dioxide thin films prepared by the sol-gel 
method and ab-initio pseudo-potential approach based on density functional theory (DFT) are 
compared. The direct bandgap of the deposited films was found to range between 3.17 and 3.44 
eV. 
Corresponding Author:ahmedsoussi@edu.uiz.ac.ma 
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Method using simple RLC circuit for electrical characterization of 
PV  panels 

Abdellah Asbayoua*, Ahmed Soussi a, Ismail Isknan a, Amine Aamoume a, Abdeslam El Fanaoui 
a, Ahmed Ihlal a, Lahoussine Bouhouch a 

aLaboratory of Materials and Renewable Energies, University Ibn Zohr, Agadir, Morocco 

 

The information of Ipv-Vpv and Ppv-Vpv output of a photovoltaic generator is crucial to 
understand the performance and electrical behavior under variation ofexternal parameters 
such as temperature, irradiance, and dust type.This article suggests asimple RLC circuit, to get 
the Ipv-Vpv and PPV-VPV output of a solar generator. Thismethod of measurement technique 
based on a simple inductor and capacitor circuit RLC. 

The data acquisition is done through a current sensor and a low-cost voltage sensor 
inconnection with an Arduino board. Then, the measured data are stored in real time in anExcel 
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spreadsheet, throught the "PLX-DAQ" macro from Parallax. Finally, we performeda 
comparison between the experimental data and the simulations, obtained from Matlab 
/Simulink model of the PV panel. 
Corresponding Author: abdellah.asbayou@edu.uiz.ac.ma 
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Sustainable process for structural composites with low thermal 
conductivity 

Van Essa L. Kamga. Samen1,2*, J. G. N. Deutou1, R. C. Kaze3, P. Meukam2, E. Kamseu1,4, C. 
Leonelli4 

1Local Materials Promotion Authority (MIPROMALO), Yaoundé, Cameroon 
2Laboratoire Eau, Energie, environnement, Ecole Nationale Polytechnique de Yaoundé,  Cameroon 
3Laboratory of Applied Inorganic Chemistry, Faculty of Science, University of Yaoundé Cameroon 

4Department of Engineering Enzo Ferrari, University of Modena and Reggio Emilia, Modena, Italy 

 

The development of eco- friendly environmental and sustainable building materials having 
low thermal conductivity and optimal physic-chemical abilities ensuring passive thermal 
comfort is imperative in the global quest for the minimization of greenhouse-gases (GHG) 
emission and energy needs in homes. In fact, in order to maintain thermal comfort in buildings 
made of common construction materials, electrical energy is required for the operation of 
heating and cooling devices. In the current logics of sustainable management of the 
environment, it is a question of optimizing the production process by decreasing the 
consumption of fuel and the rate of cement in the constructions. To attend this objective, the 
present work underlines the feasibility of using waste cotton fibres for the design of the 
lightweight laterite-cement composites with low thermal conductivity for structural 
applications and using a less energy consuming process. The final products were obtained by 
replacing laterite cement composite with cotton wastes fibres (0.3-0.6 wt. %) and then uniaxial 
pressing around 14 MPa. The thermo-engineering and structural properties were performed 
using several techniques: XRD, SEM, FTIR, mechanical properties as well as thermal 
conductivity. This process accounts for the optimum (0.78 W.m-1. K-1) structural material made 
with 6 wt.% cement, 0.6 wt.% cotton fibres and better packing density of laterites particles 
(50/50). Regardless of the particle size distribution of aggregates (laterite), the increase of 
cotton fibres content resulted in lowering mechanical performances. This is due to the creation 
of pores and the weakness adhesion between the cellulosic fibres and laterites particles within 
the matrix. In addition, the presence of cellulose within a matrix enhanced the crystallinity of 
cementitious phases (CASFH and CASH) by reducing simultaneously the density of the end 
products. Considering that, the accumulation of waste is also a serious problem of 
environmental pollution, the recycling of waste cotton fibers for its use in buildings allows the 
development of an environmentally friendly construction system. That is due to its low energy 
demand, its optimized management of electricity consumption and its low CO2 emission. The 
formulated samples with the reduction around 29 % of embodied energy compared to the 
conventional materials, appears as a promising eco-friendly composite with good thermal 
comfort, small-embodied energy and low environmental impact through sustainable process 
Corresponding Author:liliane.sk16@gmail.com 
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A review on green designer ionic liquids and their interaction with 
cyclodextrins and surfactants 
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dDepartment of Applied Chemistry (CBFS-ASAS), Amity University, Gurugram, India. 
eDepartment of Chemistry, Indian Institute of Technology Delhi, New Delhi, India. 

 

In recent years, large quantities of co-solvents have been used for numerous chemical and 
biochemical processes. However, because of new environmental regulations the challenge of 
using non-harmful solvents has prompted a great development of innovative product to 
protect the environment. Ionic liquids (ILs) possess unusual physicochemical properties and 
bright application potential in various fields. In this review the aggregation behavior of ILs-
surfactant plays important role in various fields, including biology, material science, chemical 
engineering and petroleum recovery. Formation of the host-guest complex is a moderation of 
supra molecular chemistry which has been attracting much interest recently, generally the 
host-guest type interactions. Inclusion complex (ICs) formation between ILs and cyclodextrin 
is stabilized by non-covalent bonds and immense importance of chemical and biological 
challenges. The specific binding of a guest which is complementary to the host molecule to 
form a host-guest complex by the non-covalent interactions is known as molecular recognition 
and it can be applied in the assembly of molecular sensors and catalysis. 
Corresponding Author:manojbanjare7@gmail.com; drmanojkb@matsuniversity.ac.in 
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Effect of Cellulose Nanocrystals on Chemical Bonding and Gel Phases of 
Metakaolin-based Geopolymer Nanocomposites 

Oussama Khouchania, Anass Harmala, Tahar El-Korchia, Mingjiang Taoa, Harold W. Walkera. 
aDepartment of Civil and Environmental Engineering, Worcester Polytechnic Institute.  Worcester, United 

States  

 

Geopolymer cement is an attractive alternative to ordinary Portland cement (OPC) due to its 
lower carbon footprint and higher performance characteristics, including high compressive 
strength, toughness, fire resistance, low thermal conductivity, and low shrinkage. Advances in 
portland cement chemistry and the development of cement admixtures allow for behavior 
modifications in the fresh or hardened cement composites phases. However, the development of 
geopolymers is still a relatively new field, and the design of new additives for modifying certain 
properties is still lagging. The purpose of this research is to study the influence of adding 
cellulose nanocrystals (CNC), an economic and ecofriendly nanoparticle, on the reaction kinetics 
of metakaolin-based geopolymer. To this end, experiments were carried out to characterize the 
influence of CNC on the dissolution of the raw material, the formation of geopolymer gel, and 
the chemical bonding of its phases. The metakaolin-based geopolymer nanocomposite samples 
were prepared by varying the CNC concentration from 0% to 1.5%. Determining the amount of 
geopolymer gel formed for different CNC concentrations was investigated by the HCl dissolution 
of the gel. In addition, the unconfined compressive strength of the geopolymer material was 
determined. Further, the geopolymerization reaction within the nanocomposites at different 
CNC concentrations was characterized by Fourier Transform infrared spectroscopy (FTIR) to 
assess the different phases during the formation of the geopolymer gel. The results show an 
increase in geopolymer gelation with the addition of the CNC. The fraction of geopolymer gel 
and the unconfined compressive strength were higher in samples with high CNC concentrations. 
The FTIR spectra illustrate two main phases in the geopolymerization process when CNC is 
added: Al-rich gel formed initially, as the intensity of the Si-O-T (T: Si or Al) asymmetric bond 
was higher in samples with CNC, then the Si-rich gel formed after 7 days of curing. The increase 
in the extent of gel formation, unconfined compressive strength, and the main bond shifting 
suggest the CNC acts as a nucleation seed that enhances the dissolution of metakaolin and the 
geopolymer gel formation. These results suggest CNC has the potential to control the 
geopolymerization reaction and improve the performance of geopolymer composites, which 
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 may lead to greater application of geopolymer materials in various construction applications.  
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Effect of boron addition on structure, properties and bioactivity of 
phosphate-based glasses 

Asmaa Akhroufa, Youssef Laajalia And Saida Krimia 

a Laboratory of Physical Chemistry of Inorganic Materials (LPCMI), Faculty of Sciences Ain chock, 
University Hassan II of Casablanca, Morocco. 

 

Borophosphate-based glasses have been recently proposed as potential materials for 
regeneration bone. These glasses have a wide advantage, such as the ability to dissolve 
completely in aqueous media and a hydrolytic degradation rate that can range from hours to 
months depending on the glass composition. The present study reports the physico-chemical and 
biological properties of the glasses belonging to the Na2O-CaO-TiO2-B2O3-P2O5 system. Five 
glass compositions with B2O3 ranging from 0 to 20 mol%, have been elaborated by the classical 
melt-quenching method and investigated using density measurements, XRD, DTA and FTIR 
spectroscopy. Amorphous state for all prepared samples has been checked by XRD analysis. 
Density and glass transition temperature decrease with increasing content of B2O3, whereas the 
molar volume of the glasses increases. These behaviours show a weakens of the vitreous 
network by the introduction of the boron oxide in the phosphate matrix. FTIR vibration 
spectroscopy indicate that the glassy network contains PO3, PO4, BO3 and BO4 units with P-O-L 
(L = P, Ti and B), Ti-O and B-O-B linkages. Preliminary results of in vitro bioactivity of the glass 
composition with 15 mol% B2O3 have been reported. 
Corresponding Author: asmaa.akhrouf@gmail.com 
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Phosphate material study by using impedance spectroscopy 
Khadija chouni a,Wafaa Elhatimi a,Abdelmonim Assekouri a, Redouane Lahkalea and Elmouloudi 

Sabbara 
a Laboratory Physico-Chemistry of Materials, Faculty of Science, University Chouaib Doukkali,  

El Jadida–Morocco 

 

Phosphates are a large group of materials that are present in nature as minerals and can be 
synthesized. Phosphate salts refers to many different combinations of the chemical phosphate 
with salts and minerals. These salts are also synthesized and used mainly in agricultural 
applications Phosphate-based materials occupy an important place in organic and inorganic 
materials, and are involved in numerous domains of chemistry like glasses, ceramics, zeolite-
like materials, gels and organic–inorganic hybrids. These compounds are widely used in optical 
devices such as acousto-optic or electro-optic modulators and high power laser frequency 
conversion material. Many scientific researches have been carried out so far to study the 
properties of certain phosphate materials as ferroelectric, piezoelectric, dielectric, electro-
optical systems. Moreover, the low temperature ferro-paraelectric phase transition has been 
investigated by many researchers, and the crystal symmetry has been reported according to the 
nature of the transition which is tetragonal in the paraelectric phase and orthorhombic in the 
ferroelectric one. However, the electrical and dielectric properties for phosphate materials have 
been studied by few researchers. These properties can be investigated through impedance 
spectroscopy technique.  Impedance spectroscopy is a noninvasive technique analysis widely 
used in different sectors of research in industrial application such as materials for electrical 
engineering, electrochemistry, microelectronics, pharmaceuticals, etc. The method involves 
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applying a sinusoidal disturbance of potential or current to the sample and then measuring the 
response allows us to have the magnitude of the impedance, and the phase difference of the two 
signals as a function of the signal frequency applied. In this work, a study of the electrical and 
dielectric properties of phosphate material was carried out by using impedance spectroscopy 
(IS). To do this, the phosphate material was synthesized and characterized. Then, the impedance 
measurement was carried out under low voltage within a frequency range from 1Hz to 1MHz. 
Indeed, the electrical response modeling of the phosphate material was performed. In addition, 
the evolution of the electric and that of the dielectric formalisms as a function of the frequency 
were also investigated.  
Corresponding Author:chounikhadija0@gmail.com 
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Microstructure, Properties and Growth Mechanism of Si3N4 Ceramics with 
Different Contents of Fe2O3 

Haiqiang Ma and Chonggao Bao 
Xi’an Jiaotong University, State Key Laboratory for Mechanical Behavior of Materials, Xi’an, China 

 

Si3N4 ceramics with desirable properties, e.g., good chemical stability, high strength and 
hardness, excellent dielectric property, and high thermal shock resistance, have been extensively 
employed for several critical engineering applications, including engine components, 
spacecraft, cutting tools, and high-temperature electronics. However, silicon nitride ceramics 
are tricky to realize densification because of their strong covalent bonding and the intrinsic 
characteristic of low diffusion rate. To promote the sinterability of silicon nitride ceramic, 
therefore, several strategies have been put forward. The typical one is the addition of sintering 
agents. The function of sintering agents is to provide a liquid medium, enhancing the diffusion 
rate of atoms during the sintering process. Currently, Fe2O3 as sintering additive has been used 
in the preparation of SiC ceramics and mullite ceramics. However, few reports have been 
performed to fabricate silicon nitride ceramics. In this work, Si3N4 ceramics were successfully 
produced by the gas pressure sintering method. The effects of Fe2O3 contents on the phase 
composition, microstructure evolution, properties, and growth mechanism of silicon nitride 
ceramic were investigated. The results illustrated that the relative density and bending strength 
firstly increased and then decreased, while the apparent porosity exhibited an opposite trend, 
with the increase in Fe2O3. For the sample with 1 wt.% Fe2O3, the relative density and bending 
strength reached the maximum value of 90.3% and 662.3 MPa, respectively. The apparent 
porosity was reduced to a minimum of 1.34%. Additionally, the addition of Fe2O3 could promote 
the growth of β-Si3N4 grain. The growth mechanism of β-Si3N4 grains was attributed to the fact 
that the addition of Fe2O3 reduced the viscosity of the liquid phase, accelerating Si and N atoms 
diffusion. The Fe2O3 reacted with Si3N4 to form the solid solution, impacting the kinetic growth 
index and surface activation energy of β-Si3N4 grains in the length direction.  
Corresponding Author:Hai900628@126.com 
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Fabrication and properties of SiO2f/SiO2 composite ceramics based on 
additive manufacturing technology 

Wencai Dong a and Chonggao Baoa 
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Quartz fiber reinforced fused silica (SiO2f/SiO2) is widely employed in aerospace fields such as 
missile radome or window products owing to its low coefficient of thermal expansion, excellent 
dielectric properties, superior thermal shock stability and chemical resistance. However, for 
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functional and structural complex components in some special working conditions, the 
traditional molding process has difficulty meeting the manufacturing demand because of low 
molding efficiency, low molding precision and poor uniformity of different batches of products, 
especially for parts with complex shapes. Stereolithography (SL) technology with the 
superiorities of high precision, High molding efficiency and low surface roughness have been 
commonly applied to ceramic rapid prototyping. Compared with the traditional molding 
method, SL technology has great advantages in forming precision and shape freedom, 
expanding the application horizon of SiO2f/SiO2 composites. Quartz fiber reinforced fused silica 
(SiO2f/SiO2) composite paste was prepared using quartz fiber (SiO2f), fused silica (SiO2) and 
mixed photosensitive resin as main raw material, stearic acid (SA) as well as silane coupling 
agent KH560 as dispersants. Based on SLA technology, SiO2f / SiO2 composite ceramic with high 
dimensional accuracy and excellent mechanical properties were prepared. The influence of the 
dispersants on the viscosity of the paste and the influence of sintering temperature on the 
microstructure and properties were discussed. The results show that SA and KH560 reduced the 
contact angle between the ceramic powder and resin along with the viscosity of the SiO2f /SiO2 
composite paste. The dimensional deviation ratios (DDR) of the SiO2f /SiO2 composite ceramic 
green bodies manufactured by SLA technology were less than 8.0%. The flexural strength can 
reach up to 21.9 MPa (RT) and 25.5 MPa (600oC) when the sintering temperature is 900oC. In 
addition, the SEM analysis showed the fiber fracture and fiber pull-out mechanism were the 
main strengthening mechanisms of SiO2f /SiO2 composite ceramic. 
Corresponding Author:dwc_51@163.com 
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semiconductor 

B. Akhsassia,b, A. Bouddoucha,b, Y. Naciria, B. Bakiza, A. Taoufyqa, C. Favottob, S. Villainb, F. 
Guinnetonb, A. Benlhachemia 

a Laboratoire Matériaux Et Environnement (LME), FacultéDes Sciences, Université Ibn Zohr, Agadir, 
Maroc 

b CNRS 7334, IM2NP, Université de Toulon, Université d’Aix Marseille, La Garde Cedex, France 
 

The current major challenge worldwide is to reduce the effect of pollution effect and develop 
innovative strategies to break down recalcitrant organic pollutants, including pharmaceuticals, 
pesticides, phenolic compounds, heavy metals, dyes, etc. Despite the use of conventional methods 
(precipitation, filtration, coagulation, flocculation, adsorption, physical, biological, and 
chemical processes), they are still not effective in the decomposition of most of non-
biodegradable organic pollutants. However, Advanced Oxidation Processes (AOPs) are very 
interesting in the field of wastewater treatment; they utilize powerful oxidative agents able to 
transform the non-biodegradable organic matter into nontoxic compounds. In this study, 
heterogeneous photocatalysis, one of the AOPs, was used to mineralize non-biodegradable dye, 
Rhodamine B. In a typic process, new composites based on Zn3(PO4)2 and ZnO were 
investigated, with the aim of improving the photocatalytic activity of Zn3(PO4)2 for the 
degradation of Rhodamine B in aquatic medium. Hence, the photocatalytic properties were 
investigated using various ratios in ZnO: x=0.2, x=0.5 and x=0.8. The physicochemical and 
morphological composition of the as-prepared catalysts were characterized by X-ray Powder 
Diffraction, Scanning Electron Microscopy coupled to Energy-dispersive X-ray spectroscopy 
and Fourier-transform infrared spectroscopy techniques. All analytical findings reveal the 
formation of the photocatalysts Zn3(PO4)2, ZnO and their mixed phases Zn3(PO4)2/ZnO (x=0.2, 
x=0.5 and x=0.8). Furthermore, the photocatalytic activities of pure Zn3(PO4)2 and its 
composites were enhanced for the degradation of the dye Rhodamine B. The degradation rate 
during the photocatalytic tests was pursued by the UV-visible spectrophotometry over time. As 
an outcome, the degradation time duration and efficacy of Zn3(PO4)2 has effectively enhanced 
with 20% ZnO. Moreover, the reactive species responsible for the photocatalytic activities were 
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also investigated. On the other hand, the reusability and stability of the photocatalyst were 
studied. From the study of the trapping tests, a tentative mechanism for the improved 
Zn3(PO4)2/ZnO catalystwas concluded. Based on the present study findings, it is obvious that the 
as-prepared catalyst could be used as a potential photocatalyst to remove harmful organic 
pollutants from aqueous media. 
Keywords: Zinc oxide, zinc phosphate, composite, photocatalysis. 
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The effect of alkaline treatment for cellulose isolation from banana 
peduncle and sugarcane bagasse 

Ait Abdellah Abdelhaya, Kaddami Hamidb, Arrakhiz Fatima Ezzahra c. 
a LETSMP, Department of Physics, Faculty of Science, University Ibn Zohr, Agadir, Morocco 

b Laboratory of Organometalic and Macromolecular Chemistry, Faculty of Sciences and Technologies, 
University Cadi Ayyad, Marrakech, Morocco 

c LETSMP, Department of Physics, Faculty of Science, University Ibn Zohr, Agadir, Morocco 

 

The depletion of petroleum-based resources and concerns over environmental issues such as 
climate change, and global warming have led to the development natural fibers instead of 
synthetic fibers this is largely due to the fact of interesting specific properties (low weight, 
biodegradability, renewability, low density, wide availability, and low cost) make them 
attractive to the industrial, manufacturing and academic world. The purpose of this study was 
to investigate the morphological, and chemical structure of cellulose isolated from sugarcane 
bagasse (SCB) by alkaline extraction with sodium hydroxide solution in different weight of 
concentrations (6%, 12%, and 18%). The structural transformations of the fibers were 
determined by Fourier transform infrared spectroscopy (FTIR), and the morphological 
observations of the fibers were performed using scanning electron microscopy (SEM). The 
results confirmed that both lignin and hemicelluloses were removed during the extraction 
process that ratifies them to be potential polymeric reinforcing agents in making biocomposites. 
Keywords: Natural Fibers, Cellulose, sugarcane bagasse, Alkali treatment, biocomposites. 
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Novel Synthesis of SiO2@Pani composite for heavy metal and dye 
decontamination from wastewater 

Hind Hajjaoui, AmalSoufi, Mohamed Abdenouri, NoureddineBarka. 
MRI Lab, Research Group in Environmental Sciences and Applied Materials (SEMA), Sultan Moulay 

Slimane University of BeniMellal. Khouribga, Morocco. 

 

Polymer composites are materials with great interest in different applications, including 
wastewater treatment. They are generally prepared by incorporating nanosized fillers or 
reinforcing agents into the polymer matrix giving birth to a material with significant 
improvement in physicomechanical and thermal properties compared to single materials. 
Polyaniline, commonly called Pani, is considered the most studied conductive polymer because 
of its outstanding properties, including ease of synthesis, low cost, redox properties, and ease of 
doping. However, pure Pani particles easily aggregate in the aqueous media, which decreases 
its surface area, thus limiting the practical application. Therefore, to overcome all these 
limitations, in this study, silica nanoparticles (SiO2 NPs); which are robust inorganic materials 
with high specific surface area, a three-dimensional structure with an open space 
interconnected to each other, were used as a reinforcing agent embedded in the Pani matrix to 
improve its morphological properties. First, the composite material labeled SiO2@Pani was 
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prepared using the in-situ polymerization method of aniline monomer on the surface of pre-
synthesizedSiO2NPs using the Stober method in the presence of tartaric acid as dopant and 
sodium persulfate as an oxidant. The physicochemical properties of the fabricated composite 
were characterized using different techniques, such as XRD, FTIR, and SEM-EDX analysis. 
Afterward, it was tested in wastewater treatment as an adsorbent to remove hexavalent 
chromium Cr(VI) and eriochrome black T (EBT) dye from aqueous media in single and 
multicomponent systems. A Batch adsorption experiment was applied to optimize various 
parameters that influenced the adsorption of the studied component. Kinetic studies 
demonstrate that Cr(VI) and dye adsorption followed the pseudo second-order kinetic model in 
both systems. Langmuir-Freundlich isotherm model fitted the experimental data in the mono-
pollutant system well, and the extended Freundlich model fitted the data for Cr(VI)-EBT 
adsorption in the binary system. Observations showed that the prepared composite had more 
affinity to Cr(VI) than EBT. Furthermore, EBT and Cr(VI) adsorption in the mono and the 
multicomponent system was endothermic, favorable, and spontaneous. 
Keywords: SiO2 nanoparticles, polyaniline, Composites, Adsorption, heavy metal, dye. 

Corresponding Author: hajjaouihind@gmail.com 

  

P2-
292 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Study on diatomite slurries based on stereolithography 
Shijia Li1 and Chonggao Bao1 

1 School of Materials Science and Engineering, State Key Laboratory for Mechanical Behavior of 
Materials, Xi’an Jiaotong University, Xi’an, Shaanxi, China. 

 

Diatomite is the natural ceramic particles which are originated from the skeletons of died 
diatoms. They possess many excellent properties such as low thermal conductivity, light weight, 
high porosity and chemical stability. Therefore, their productions are widely utilized in thermal 
insulation, catalyst support, absorbing materials for lead ions or toxic gas and so on. Up to now, 
several methods were investigated to prepare porous diatomite ceramics. However, 
conventional forming technologies limit the application of diatomite ceramics because of long 
development cycle, restriction of mold shape and complex structure fabrication. Recent years, 
additive manufacturing (AM) was rapidly developed in ceramics productions due to its 
advantages in shaping flexibility and short cycle time. Among AM process, stereolithography 
(SL) was an effective process to fabricate ceramics with special structure, fine surface finish and 
high dimensional precision. Based on this technology, the diatomite ceramics with hierarchical 
pores could be successfully achieved. Making ceramic slurries with suitable rheological behavior 
was the prerequisite for SL process. Using diatomite treated by soda ash as raw materials, the 
effect of ball-milling process to powder morphology and particle size distribution and the effect 
of dispersant’s kinds to contact angle of powder, sedimentation rate and viscosity of diatomite 
slurries were investigated respectively so that diatomite slurries suitable for SL were prepared. 
The result shows that particle size of diatomite was decreased obviously and the particle size 
distribution was changed from “one-peak structure” to “double-peak structure” which was 
beneficial to accumulate powders and improved solid loading of diatomite slurries after 24h wet 
ball-milling process. With adding 2wt% (relative to the mass of diatomite) Span80 as 
dispersant, the comprehensive properties of the viscosity and stability of diatomite slurries were 
best. The optimized 40vol% diatomite slurries were formed in a stereolithograhy apparatus and 
porous diatomite ceramics with complex structure were successfully obtained after suitable 
debinding and sintering process. 
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Organo-clay material CTAB/Bentonite for removal of Methylene Blue from 
aqueous solution 

Aicha Iqajtaoune, Hamid Saufi, Mhamed Taibi, Badr Aouan 
a Mohammed V University in Rabat, Centre des Sciences des Matériaux, Laboratoire de Physico-Chimie 

des Matériaux Inorganiques et Organiques (LPCMIO), Ecole Normale Supérieure (E.N.S), Rabat, 
Morocco. 

 

The aim of this work is the study of the adsorption of the organic pollutant Methylene Blue (MB) 
using the raw Bentonite and Bentonite modified by Cetyltrimethylammonium Bromide (CTAB). 
The Bentonite was collected from the region of Nador in the North-East of Morocco. Two 
methods were performed for this purpose. The first one using Bentonite as the absorbent and the 
second one by contacting modified Bentonite with CTAB to removal organic pollutant (MB).The 
adsorption studies are carried out to evaluate the effect of selected parameters on the absorption 
behavior as the concentration of CTAB, the concentration of the pollutant, the effect of adsorbent 
dosage… 

The structure and morphology of the absorbents were characterized by X-ray diffraction (XRD), 
Fourier transform infrared (FT-IR)…. After activation, Bentonite indicated that the crystalline 
phases have disappeared for the modified Bentonite.   Maximum efficiency percentages are 
respectively 98.85% and 92.36%, for raw Bentonite and Bentonite/CTAB, using 0.225g of 
theadsorbent. The improvement in the percentage removal of MB dye with increasing adsorbent 
doseis due to the availability of a large number of adsorption sites on the surface, which 
increases the contact area between the MB dye and both samples (raw bentonite/ 
Bentonite/CTAB). The results of this study showed that the CTAB method in solution does not 
improve the fixation of the pollutant on clay. Indeed, the organic pollutant adsorbs rapidly on 
the raw Bentonite in solution with 0.2g being the optimal mass. 
Keywords: Clay, CTAB, Adsorption, MB, Bentonite 
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Physicochemical properties of a raw clay sampled in the northern region of 
Morocco 

Hajar Abara1,*, Hajar Saadani1, Ibrahim Allaoui1, Younes El Kharim2, Mustapha El Hadri3, 
Khalid Draoui1 

1 Laboratoire Matériaux et Systèmes Interfaciaux Faculté des Sciences de Tétouan, UAE 
2 Laboratoire Géologie de l’Environnement et Ressources Naturelles ; Faculté des Sciences de Tétouan, 

UAE 
3Laboratoire de Physique de la Matière Condensée, Faculté des Sciences de Tétouan UAE 

 

Clays has proven to be very beneficial in ceramics industry and buildingmaterials according to 
its numerous advantages.However, only since the beginning of the 21st century, that this 
material has begun to regain its position in the construction industry activity.Clay minerals 
consist in a complex group of mineral, which are phyllosilicates more or less hydrated. Their 
granolumetry is generally less than 2µm.  They are organized in flat layers, consisting of 
tetrahedral and octahedral structural units connected by their tops. This structure with a very 
large specific surface area associated with very particular physico-chemical characteristics, 
explains the capacity of clays to admit numerous exchanges of cations and anions in the 
network or adsorbed on the surface. The criteria of using these materials are related to the 
overall chemical composition of the clay materials and to their behavior during the different 
manufacturing stages. In this study, a new raw clay was sampled in the region of Meknès 
(Morocco) and characterized. The raw clay was crushed, sievedat 600 µm and characterized by 
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X-ray diffraction (XRD), Fluorescence X spectroscopy (XRF), Fourier Transform Infrared 
Spectroscopy (FTIR), Thermal Analysis (TGA) and Scanning Electron Microscopy (SEM). The 
chemical composition of theclay showed that the major content areSiO2 (38,123 %), MgO (21.66 
%) Al2O3 (14.26 %), Fe2O3 (13.06 %). The presenceof carbonate is significant (7.73 %).  . The XRD 
analysis revealed the presence of reflection d001 at 14.1 Ȧ, and d002 7.02 Ȧ related with the 
presence of clinochlore which is an iron magnesium aluminum silicate hydroxide in agreement 
with XRF results. The presence of muscovite is attributed to the reflexion at d001 at 9.91 Ȧ and 
d002 at 4. 95 Ȧ.  It should be emphasized that the studied raw clay is not a swelling material, 
which is highly recommended for ceramics, and construction materials. The FTIR spectrum 
revealed the presence of clay fingerprintbands (-OH, Si-O, AlAlOH, AlFeOH, AlMgOH…).The 
presence of calcite CaCO3is clearly noticeable. Thermal Analysis (TGA) of natural clay was 
performed to determine the thermal stability of the clay. The weight loss from the first thermal 
event was attributed to the loss of water (free water)in the temperature range of 30–100 °C. The 
second thermal step occurred between 500 and 900 °C, which corresponded, to dihydroxylation 
(i.e., breaking of the bonds of the hydroxyl groups –OH−). The SEM images of the natural clay 
shows that theraw clay mineral exhibit significant surface microstructure and it appears to 
have irregular surface morphology.  In conclusion, the studied raw clay possesses interesting 
properties to be valorized in construction materials.  
Key words: raw clay, clinochlore, Muscovite, characterization, swelling properties. 
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Effect of  Vanadium doping on the microstructure and 
mechanicalproperties of Mo2FeB2-based cermets 

Zhen Caoa and  Zhifu Huanga 
a State Key Laboratory for Mechanical Behavior of Materials, Xi’an Jiaotong University, Xi’an,  China 

 

As a new-type cermet, the transition metal borides have attracted extensive attention dueto 
their high hardness, melting pointing and wear resistance. Thus, the boride-based cermets have 
been regarded to be promising candidates for replacing the WC-Co cemented carbides. Among 
them, the Mo2FeB2-based cermets are more attractive due to its distinct advantages, such as the 
low cost, simple preparation method and high hardness. In order to meet the severe service 
condition, numerous efforts have been made to enhance the mechanical properties of Mo2FeB2-
based cermets. In recent years, intensive investigations focused on the sintering mechanism and 
mechanical performance of borides-based cermets. As the frequently used alloying element, Cr 
and V were expected to make positive influence on the mechanical properties of Mo2FeB2-based 
cermets. In this work, the V element was chosen as the alloyed element and the corresponding 
mechanism was also discussed. The samples were prepared by the “reaction boroning sintering” 
method via vacuum carbon tube furnace at 1250 oC. The results demonstrated that the hardness 
was enhanced from HRA 87.5 of undoped sample to 89.5 of sample containing 4 wt.% V 
elements. At the same time, the TRS was also increased from 1520 MPa of undoped sample to 
1920 MPa of 2 wt.% sample.  When the V was added, the morphology of boride particles evolved 
from pole-like to rod-like appearance. The EPMA analysis revealed that the V tended to dissolve 
into the boride particles and substituted the large-size Mo in boride particles, which contributed 
to the move of diffraction angle of Mo2FeB2 to the right. The Fe-based binder was strengthened 
by the substituted Mo element. Consequently, the hardness could be increased to some extent. 
This investigation was expected to help provide guidelines for the wider application of Mo2FeB2-
based cermets. It was believed that the industrial application of Mo2FeB2-based cermets could 
considerably reduce the consumption of W and Co. 
Corresponding Author: czxjedu@163.com 
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 ZnO-Al2O3-CeO2-Ce2O3 mixed metal oxides derived from the Layered Double 
Hydroxide structure: Synthesis, characterization and photocatalytic 

performance. 
F.Z. Janani a, H. Khiar a, A. Elhalil b, M. Sadiq a, N. Barka a 

a Sultan Moulay Slimane University of Beni Mellal, MRI Lab, Research Group in Environmental Sciences 
and Applied Materials (SEMA), FP Khouribga, Morocco 

b University Hassan II, EST Casablanca, Laboratory of Engineering, Processes and Environment (LEPE), 
Casablanca, Morocco 

 
ZnO-Al2O3-CeO2-Ce2O3 mixed metal oxides phases were obtained by calcination of Zn-Al/Ce-CO3 
layered double hydroxides (LDH) precursors. The photocatalytic activity of the catalysts was 
evaluated for the degradation of methyl orange (MO) as a model textile dye from aqueous 
solution under UV irradiation. First, Zn-Al-CO3 and a series of Zn-Al/Ce-CO3 with different Ce 
content (5, 10, 15, 20%) were prepared via co-precipitation method with Zn/(Al-Ce) molar ratio 
of 3, then calcined at 500 C for 6 h. Materials obtained were characterized by different 
techniques including, X-ray diffraction, Fourier transform infrared spectroscopy, scanning 
electron microscopy coupled with energy dispersive X-ray analysis and pH point of zero charge. 
The experimental results of the photodegradation reveal that the photocatalyst developed from 
Zn-Al-Ce10%-CO3 LDH exhibits the highest photocatalytic activity, with a degradation efficiency 
of 99.8% after 300 min of irradiation. This performance was mainly ascribed to the presence of 
difference state of Ce, leading a highest separation efficiency of electrons and holes. The 
recycling tests suggest a much high photostability and reusability of the photocatalyst. 
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Kinetic investigation of non-isothermal crystallization of Li2NiP2O7 glass 
I. Zriaaa, A. El Boukilia, M. Taibia, L. Boudada, J. Aridea 

a Laboratory of Physico-Chemistry of Inorganic and Organic Materials, Ecole Normale Supérieure, 
Mohammed V University in Rabat,  Morocco. 

 

In the present work, the Li2NiP2O7 glass was elaborated using the standardmelt-quenching 
method. The elaborated glass was characterized with several techniques as the X-ray 
diffraction, Differential Scanning Calorimetry (DSC) and Infrared spectroscopy. The XRD and 
the thermal investigations of the studied glass confirmed its amorphous and glassy state. The 
determined glass transition and crystallization temperatures are 477°C and 539°C respectively. 
The glass transition temperature Tg, the crystallization temperature Tc and the peak 
temperatures of crystallization Tp were found to be dependent on the heating rate. The IR study 
allowed the identification of the different phosphate groups in the glass network.Crystallization 
kinetic of Ni2PbP2O7 glass has conducted following non-isothermal conditions using the 
differential scanning Calorimeter (DSC) measurement at different heating rates 5, 10, 15 and 
20˚C/min. Ozawa, Kissinger and Sakka models were used to evaluate the activation energy of 
the crystallization and the Avrami exponent n. The evolution of n as a function of the 
temperature was investigated and discussed in term of crystallization growth process in the 
glass. We have also identified the crystalline phases resulting from the annealing of the glass 
studied. 
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Engineering of polyaniline-based biomaterial for the Orange G dye removal 
using Adsorption in dynamic regime 

Abdelaziz Imgharn1,*, Abdelghani Hsini1, Yassine Naciri1, Mohamed Elhoudi1, Mohamed 
Laabd1, Rajae Lakhmiri2, Badredine Souhail3, Abdallah Albourine1,* 
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2 Laboratory of Chemical Engineering and Resource Development, Faculty of Sciences and 

Techniques, Abdelmalek Essaâdi University, Tangier, Morocco 
3 Department of Chemistry, Faculty of Science, Abdelmalek Essaadi University, Tetouan, 

Morocco 

 
In this investigation, a polyaniline-modified biocomposite was designed and prepared 

via the in situ chemical polymerization. Fourier Transform Infra-Red (FT-IR) spectroscopy, 
Scanning Electron Microscopy (SEM), and energy dispersive X-ray spectroscopy (EDX) and 
potentiometric titration were combined to characterize the texture and chemical structure of the 
as-synthetized adsorbent. A dynamic adsorption process was employed with the aim of testing 
the as-prepared biocomposite adsorbent performance to remove Orange G (OG) textile dye from 
aqueous media. The phenomena of adsorption of OG on the as- prepared biocomposite has 
found to be dependent on various operating conditions like initial OG concentration, and 
adsorbent mass. The pseudo-second order model elucidated the experimental kinetic results. 
Moreover, the adsorption isotherms of the removal of OG dye is fitted substantially by 
Langmuir model. Hence, this finding disclosed the potential practical application of PANI-
modified biocomposite for wastewater treatment. 

Keywords:  Dynamic adsorption approach, kinetics, biomaterial, , biocomposite. 
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Effect of Hydroxy propyl methyl cellulose polymer modification on 
properties of low carbon cementitious composites 

Rajesh Kumar, Abhishek Srivastava, Priyanka Tomar and Rajni Lakhani 
Organic Building Materials Group, CSIR-Central Building Research Institute, India 

 

The experimental study presents the investigation on effect of Hydroxy propyl methyl cellulose 
(HPMC) polymer modification on properties of fly ash blended low carbon cement. With the 
increasing concern over the environmental issues, development of new engineered materials 
with specific properties along with low cost using waste materials and chemical admixtures is 
need of 21th century for sustainability. Fly ash is widely used supplementary cementitious 
material produced from thermal power plant during burning of coal. Fly ash blended cement 
are now typically used in civil engineering structures. To improve the properties of cementitious 
materials like concrete and mortar; different types of polymers and admixtures are being used 
by the researchers in laboratories and practicing engineers in the field. HPMC is one of the 
water soluble cellulose ether polymers which can alter the rheological characteristics and the 
hydration kinetics of cement pastes. The present work address this research gap as for the 
conventional application of HPMC polymer in the field for fly ash blended cement requires 
insights of its fresh and hardened properties. Altogether twenty three cement paste mix were 
prepared with varying proportion of pulverized fly ash (10-30%) and HPMC (0.2-1%), cured 
and were tested for workability, setting time, hydration reaction, compressive strength. Test 
results showed that HPMC enhances the workability, compressive strength and decreases the 
heat evolution rate during hydration. At higher inclusion percentage of HPMC (1%), strength of 
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Design of novel Benzimidazole derivatives as potential α-amylase 
inhibitors using QSAR, pharmacokinetic, molecular docking and molecular 

dynamics simulation studies 
Oussama Abchir a, Samir Chtita a , Salah Belaidi b, Mebarka Ouassaf b, Faizan Abul Qaisc and 

Said Belaaouad a 
a. Laboratory of Physical Chemistry of Materials, Faculty of Sciences Ben M’Sick, Hassan II University of 

Casablanca, Morocco.  
b. Group of Computational and Medicinal Chemistry, LMCE Laboratory, University of Biskra,  

c. Department of Agricultural Microbiology, Faculty of Agricultural Sciences, Aligarh Muslim University,  
India.  

 

The propagation of emerging diseases and the expensive cost and time losing by using the 
classic methods, make finding another way to invent new medication very important. That's 
why we used cheminformatics to predict a relationship between the descriptors of molecules 
want to study and desired activity.  To discover new molecules able to inhibit alpha-amylase. A 
QSAR study was applied to a series of 37 benzimidazole derivates, that we calculated molecular 
descriptors of training molecules and we reduced its number by deleting redundant descriptors 
using correlation matrix then we developed molecular models by using stepwise linear 
regression.  We validate externally and internally the developed models by comparison the 
values of the coefficient of determination, R2, R2Ajusted and R2test then we chose the best 
model and we applied other tests to the developed model as randomization and domain of 
applicability.  The chosen model used to design new molecules that have good values of the half-
maximal inhibitory concentration (IC50) and we completed this study by testing the toxicity of 
designed molecules using ADMET, Molecular docking to determine the best poses of thus 
molecules and molecular dynamics to study their stability.  As a result, these findings can be 
used to the development of new compounds with the desired activity. 
Corresponding Author:samirchtita@gmail.com 
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Synthesis, characterization and modeling for predicting the mechanical 
properties of a ternary composite of Hydroxyapatite/β-tricalcium 

phosphate/Alumina 
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3Laboratory of Applied Chemistry of Materials; Faculty of Sciences, Mohammed V University in Rabat, 
Morocco; 

 4Laboratory of Industrial Chemistry, National School of Engineering, Sfax, Tunisia; 
5Department of Chemistry, Queen's University, Kingston,  Canada 

 

This paper presents the preparation of composite materialsderived fromhydroxyapatite (HAP), 
β-tricalcium phosphate (β-TCP) and α-Alumina (Al2O3) for biomedical applications. Samples 
were characterized by X-ray diffraction, infrared spectroscopy, and scanning electronic 
microscopy. The mechanical properties (Young’s and shear modulus, and diametral strength) of 
bioceramic thus sintered were examined. The sintering of the 60wt%HAP/30wt%β-
TCP/10wt%Al2O3 composite has a microstructure, with good densification and better 
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mechanical resistance. Its highest valueof diametral strength is 23 MPa obtained after the 
sintering process at 1250°C. The distribution of the main stress fields in this composite ceramic 
has been determined by the finite element method which correlates well with experimental data. 
Keywords: Hydroxyapatite; Alumina; tricalcium phosphate;Sintering, Diametral strength. 
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Synthèse et caractérisation des verres de K-Mo-P 

A.Er-Rafai, Y. Alaoui, M. El Moudane 
Laboratory of Materials, Nanotechnology and Environment, Faculty of Sciences, Mohammed V 

Universityin Rabat, Morocco. 

 

Les matériaux vitreux de phosphate présentent un intérêt pour une grande variété 
d'applications, notamment les verres de laser, le piégeage des déchets radioactifs, la libération 
d'ions thérapeutiques et, en raison de leur solubilité dans l'eau, comme engrais en agriculture. 
La structure et les propriétés des verres de phosphate contenant des oxydes de métaux de 
transition ont fait l'objet de recherches intenses. Ces dernières années, de nombreuses 
recherches ont été menées pour améliorer les propriétés physiques et la durabilité chimique des 
verres de phosphate en introduisant un certain nombre de formateurs de verre et de 
modificateurs dans le réseau de verre.  

Pour la présente étude, des verres K-Mo-P ont été étudiés. Ils ont été préparés en utilisant la 
méthode conventionnelle de trempe à l'état fondu. La diffraction des rayons X a été utilisée pour 
vérifier la nature amorphe des matériaux élaborés. La structure des verres a été est étudiée en 
utilisant la spectroscopique FTIR et Raman, et ce pour élucider l'évolution structurelle du verre 
en fonction de la composition. La microstructure des matériaux vitreux a été réalisée par 
Microscopie Électronique à Balayage (MEB) couplée à une microanalyse EDS (Energy 
dispersive spectrometry). Certaines propriétés physiques, telles que la densité, le volume 
molaire et la température de transition vitreuse, ont été aussi mesurée et corrélées avec les 
modifications structurales.  
Mots clé :Les verres de phosphate, DRX, FTIR, Raman, MEB, Densité, le volume molaire, la température 
de transition vitreuse. 

Corresponding Author: asmaeerrafai@gmail.com 
  

P2-
323 

 

 

 

 

 

 

 

 

 

 

Synthesis and characterization of the orthophosphates 

MNi2Fe(PO4)3 (M = Ca, Pb) 
Said Ouaatta a, Abderrazzak Assani a, Mohamed Saadi a and Lahcen El Ammari b 

aLaboratoire de Chimie Appliquée des matériaux,  Faculty of Sciences, Mohammed V University in Rabat, 
Morocco 

 

Iron based phosphates are among the most studied materials. They present a promising field for 
various applications as electric, ferroelectric magnetic and catalytic process.  The present work 
is a part of our activity particularly devoted to investigate a new materials-based phosphates 
belonging to the MO-NiO-Fe2O3-P2O5 (Metal M = divalent cation) quaternary system. In this 
study, we have succeeded to isolate two new orthophosphates MNi2Fe(PO4)3 (M = Ca, Pb).  The 
new compounds CaNi2Fe(PO4)3 and PbNi2Fe(PO4)3 were synthesized by solid-state reaction 
route and characterized by X-ray diffraction, scanning electron microscopy, Infrared and 
Raman spectroscopy.  The analysis by single crystal and powder X-ray diffraction techniques 
showed that these compounds crystallize in the orthorhombic system with Imma space group.  
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The three-dimensional framework of the crystal structure is built up by [PO4] tetrahedra, 
[FeO6] octahedra and [Ni2O10] dimers of edge-sharing octahedra, linked through common 
corners or edges. This structure comprises two types of layers stacked alternately along the 
[100] direction. The first layer is formed by edge sharing octahedra ([Ni2O10] dimer) linked to 
[PO4] tetrahedra via common edges and vertices while the second layer is built up from a row 
of corner-sharing [FeO6] octahedra and [PO4] tetrahedra forming an infinite linear chain. The 
layers are held together through vertices of [PO4] tetrahedra and [FeO6] octahedra, leading to 
the appearance of two types of tunnels parallel to the a and b-axis directions in which the Ca2+ 
and Pb2+cations are located.  The structure affiliation of the studied phosphate to that of α-
CrPO4 and its spectroscopic properties will be discussed.  
Key words: Orthophosphates, crystal structure, synthesis, solid-state reaction, α-CrPO4, X-ray 
diffraction  
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Synthesis, crystal structure, Spectroscopic  Studies, Thermal Behavior and 
catalytic properties of a new hybrid phosphate 

Safaa Hidaoui, Najlaa Hamdi, Mohammed Lachkarand Brahim El Bali 
Engineering Laboratory of Organometallic, Molecular Materials and Environment, Faculty of Sciences, 

University Sidi Mohamed Ben Abdellah, Fez, Morocco 

 

A new cobalt phosphate complex was synthesised by slow evaporation method from an aqueous 
solution of hydrazine, cobalt (II) chloride, and phosphoric acid. This compound crystallizes in 
the monoclinic system, space group (S.G: P21/c), with the following unit cell parameters: (Å, °): 
a= 5.3665(3), b= 11.1271(6), c= 7.7017(4), β= 104.843(4), V= 444.55(4) Å3 and Z= 2. The crystal 
structure, consisting of a linear chain, is made of rings of [CoN2O4] octahedra and [PO3(OH)] 
tetrahedra sharing vertices via oxygen atoms coordinated to cobalt centers. The rings are linked 
to chains running along [100] and form there by polymeric chains that are connected by 
hydrogen bonds in a three-dimensional arrangement. The FTIR spectroscopy shows the 
expected bands of hydrazine and phosphate groups. The thermal behavior consists mainly of the 
loss of hydrazine moieties leading thus to the formation of anhydrous cobalt phosphate. The 
phosphate complex exhibits efficiency activity in the catalytic reduction of the nitro functional 
group to an amino and was also exhibits efficiency in catalytic oxidation and degradation of 
methylene blue dye. The catalytic progress was controlled using Ultraviolet-Visible (UV-Vis) 
spectroscopy. 
Keywords: Cobalt ; Crystal structure; Spectroscopy ; Catalysis 
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Synthesis and catalytic activity of Ag2Mn2Fe(PO4)3 with Alluaudite-like 
structure 

Elhassan Benhsina*a, Fatiha Ouanjib, Abderrazak Assani a, Mohamed Saadia, Mohammed 
Kacimi b, Lahcen El Ammari a. 

aLaboratoire de Chimie Appliquée des Matériaux, Centre des Sciences des Matériaux, Faculty of Sciences, 
Mohammed V University in RabatMorocco. 

bLaboratory of Physical Chemistry of Materials and Catalysis, material science center, Faculty of 
Sciences, Mohammed V University in Rabat, Morocco. 

 

The silver-manganese and iron-based phosphate with an alluaudite like structure, namely 
Ag2Mn2Fe(PO4)3, was synthesized through solid-state reaction. The X-ray diffraction pattern 
was refined by the Le Bail method. Scanning electron microscopy provided a deep insight into 
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the morphology of the obtained powder, which was composed of homogeneous micrometric 
particles. The catalytic activity of Ag2Mn2Fe(PO4)3 was investigated through the reduction of 
p-nitrophenol (PNP) to p- aminophenol (PAP) using sodium borohydride NaBH4 as a reducing 
agent. The study reveals that Ag2Mn2Fe(PO4)3 is catalytically active for this reduction. 
Corresponding Author:h.benhsina@gmail.com 
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Synthesis, Characterization Of (C2H10N2)Ni(H2PO3)2Cl2 as a new 
Organic–inorganic hybrid phosphate 

Mohammed. Zerrouka, Mohamed. Akouibaaa, Najlaa. Hamdia, Asmae. Ben Abdelhadia, Rachid. 
Ouarsala, Mohamed. Khaldia, Mohammed. Lachkara and Brahim. El Balib. 

a Engineering Laboratory of Organometallic, Molecular Materials and Environment (LIMOME) 
University Sidi Mohamed Ben Abdellah 
b Independent scientist, Oujda, Morocco 

 

Anewhybridphosphite,(C2H10N2)Ni(H2PO3)2Cl2,hasbeensynthesizedundernormalconditions 
andcharacterized by infrared spectroscopy andTGA-DTA analysis, single-crystal X-ray 
diffraction. The compound crystallizes in the monoclinic space group P21/c (n. 14) with the 
following unit-cell parameters: a = 8.6336 (3) Å, b = 7.2578 (3) Å, c = 9.6749 (4) Å,β (°) = 
112.788 (4), Z = 2 and V = 558.92 (4) Å3. The final R factors are R/wR = 0.018/0.081.The 
crystal structure consists mainly of isolated polyhedrons [NiO4Cl2] connected through O-P-O 
bridges of the [H2PO3] units, that gives rise to an inorganic layer of [Ni(H2PO3)2Cl2]2-,which 
is further stacked as parallel layers along bc plane. The protonated organic molecules 
ethylene diammonium are located between the layers via strong hydrogen bonds responsible 
for the cohesion between organic-inorganic parts and leading so to the stability of the 
structure. 
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P2-
331 

 

 

 

 

 

 

 

 

 

 

 

 

Porous magnetic hydroxyapatite for the photodegradation of organic 
pollutants in water 

Jihane Labrag1, Abdeladim Oulguidoum1, Abdelaziz Laghzizil1, Jean-Michel Nunzi2, Didier 
Robert3 

1Laboratory of Applied Chemistry of Materials, Faculty of Science, Mohammed V University in 
Rabat,Avenue Ibn Batouta BP.1014,Rabat Morocco 

2Department of Chemistry, Queen’s University, Kingston,  Canada 
3Institut de Chimie et Procédés pour l’Energie, L’Environnement et la santé (ICPEES), Université de 

Strasbourg, France. 
 

Pollution of the aquatic environment by toxic organic substances persistent in water is one of the 
most serious environmental problems, due to its detrimental effects on human physiological 
development and the functioning of ecosystems. Porous and magnetic nanocomposites Fe3O4-
hydroxyapatite (wFeHAp) were prepared from Moroccan natural phosphate under specific 
operating conditions. Their photocatalytic activities for the elimination of certain toxic organic 
species have been tested. Thanks to their good porosity and ease ofre cycling , the wFeHAp 
nanocomposites better adsorbed the selected pollutants and subsequently degraded. After the 
water treatment, the separation of the Fe3O4 hydroxyapatite grains from water was simply 
carried out by applying an external magnetic field. 
 
Corresponding Author: jihane.labrag@gmail.com 
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Crystal Structure, Charge-Distribution and Bond-Valence-Sum 
Investigations of a New Layered Phosphate SrFe(HPO4)(PO4) 

Jamal Khmiyas a,*, Abderrazzak Assani a, Mohamed Saadi a and Lahcen El Ammari a 
a Laboratoire de Chimie Appliquée des Matériaux, Centre des Sciences des Matériaux, Faculty of Sciences, 

Mohammed V University in Rabat, Avenue Ibn Batouta, B.P. 1014, Rabat, Morocco 

 

The new compound SrFe(HPO4)(PO4), has been prepared using mild hydrothermal conditions 
under autogenous pressure and characterized by single-crystal X-ray diffraction. The crystal 
structure of this compound crystallizes in the triclinic system space group P1  with Z = 2 and the 
cell parameters  a = 5.1766 (2) Å, b = 7.1346 (2) Å, c = 8.5695 (3) Å, α =91.093 (2) °, β = 91.029 
(2)°,γ = 90.313 (2)°, V = 316.36 (2) Å3. The structure exhibits a layered framework which could 
be described as a stacking [Fe(HPO4)(PO4)]∞2- layers of corner sharing FeO6 octahedra and the 
bridging PO4 / PO3(OH) tetrahedra along the [010] direction. Such hetero-polyhedral 
arrangement gives a rise to a strong O—H---O hydrogen bonds into the intra-layers region. 
Adjacent layers are held to each other through the Sr2+ cations located in the resulting 
corrugated interstitial space. The validation of the proposed structural model is supported by 
means bond-valence-sum (BVS) and charge-distribution (CHARDI) methods. 
Keywords: phosphate, single-crystal, X-ray diffraction, crystal structure, hydrothermal 
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Structural and Electrical Properties of TiO2-substituted LiTaO3  and LiNbO3 
Nour-eddine Lazara* , Mohammed El habib Hitara , Driss Mzgada , Mohammed El Mahia and El 

Mostapha Lotfi a  
a Laboratory of Materials for Environment, ENSET, Mohammed V University in Rabat, Morocco  

 
  

The phase xTiO2 substituted (1-x) LiTa0.5Nb0.5O3 solid solution with x = 0.1 was successfully 
synthesised via conventional solid-state method at 1100°C for 12 h. These materials were refined 
and fully indexed with hexagonal crystal system, space group of R3c with α = β = 90° and γ = 
120°. Variation of the lattice parameters in these materials was found to be negligibly small 
throughout the subsolidus solution. No thermal event was detected within the studied 
temperature range of 40 to 900°C. The electrical properties of samples were characterised by 
Hioki analyser, at temperature ranging from room temperature to 850°C over a frequency 
range of 500 Hz to 1 MHz. LiTaO3 and LiNbO3 materials exhibited bulk response with 
associated capacitances in the order of 10-12 F cm-1 and the temperature-dependent 
conductivities were found to increase with increasing temperatures. The results showed that 
LiTaO3 and LiNbO3 samples were of typical ferroelectrics. 
 

Keywords: Ferroelectrics; solid solution; Dielectric, LiTaNbO3, TiO2. 
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Application of Perovskite Catalysts for Carbon Monoxide Emissions 
Control: An Overview 

Subhashish Dey 
Environmental Engineering Department, Rajiv Gandhi Proudyogiki Vishwavidyalaya, Bhopal, India 

 

Automobile exhaust contributes the largest sources of carbon monoxide (CO) into the 
environment. To control this CO pollution, the catalytic converters have been discovered. There 
are many types of catalysts have been investigated for CO emission control purposes. 
Perovskite catalysts show great potential for CO oxidation catalyst in a catalytic converter for 
their low cost, high thermal stability and tailoring flexibility. It is active for CO oxidation at a 
high temperature. The surface sites and lattice oxygen species present in perovskite catalysts 
play an important role in chemical transformations. The partial replacement of cations A and B 
by diverse an element, which changes the atomic distance, causes unit cell disturbances, 
stabilizes various oxidation states or added cationic or anionic vacancies inside the lattice. The 
new things disturb the solid reactivity by varying the reaction mechanism on the catalyst 
surface. Thus, suitable cations substitutions may represent better activity. There are lots of 
papers associated to CO oxidation over perovskite catalysts have been available but no review 
paper appears in the literature that is dedicated to CO oxidation. 
Corresponding Author: subhasdey633@gmail.com 
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- Ferrous metals 
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FEM Analysis for the Behaviour of Two-Dimensional CHS Joints 
with Asymmetrical Full-Overlapped Top-Connection 

Patrick Heinemann1, Dorina-Nicolina Isopescu1 and Sebastian George Maxineasa1 

1 Department of Civil and Industrial Engineering, Faculty of Civil Engineering and 
Building Services, Technical University of Iasi, Romania 

 

Circular hollow section steel profiles are often used for industrial purposes, like 
offshore structures or for aesthetical reasons. By welding two or more steel 
members with different inclination angles columns with a tree-shaped structure 
will be formed. Designers are using this column to get a natural optic for example 
in representative halls. Like in nature the connected members often have 
asymmetrical angles. To calculate the nodes of these structures is a complex part. 
Due to the geometrical and material heterogeneity different stresses arise in the 
microstructure. Current standards have got limitations. These limitations are there 
for material, geometrical options or process in welding. The vertical column is 
defined as chord, the connected members as braces. The inclination angle is the 
horizontal imperfection between braces and chord. Standards have got limitations 
regrading this inclination angle. There is no definition for an angle smaller than 30 
degrees. Because of aesthetical reasons, there are steel joints with two or more 
braces, where the inclination angles are not equal. An example is the natural optic 
as the ideal of a tree. Columns with an on-top connection, together with a steel 
plate node are not included in the current standards. However, designing 
engineers often have to build their own models for complex structures or design it 
with the help of laboratory tests. In literature it was figured out, that the 
inclination angle has got a large influence on the resistance of a steel joint. Due to 
the geometrical heterogeneity, internal bending moments can arise, which 
degrades the carrying capacity of the joint. This paper is about numerical case 
studies of tree-shaped columns with an asymmetrical shape. The full-overlapped 
node is made of circular hollow section profiles (CHS), which are welded in a three-
dimensional way. The aim is to figure out the influence of the inclination angles on 
the stability of asymmetrical shaped columns in the ultimate limit state, when the 
angles are not equal. 
Corresponding author: Patrick.heinemann@tuiasi.ro 
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The role of the organic/inorganic cation and the halide anion on the 
structural, optical properties and stability of perovskite APbX3 

Hajar Moumine1,2 , Hasnae Chfii1 , Bernabé Marí Soucase2 , Mohammed Abd-
Lefdil1 , Lahoucine Atourki1 

1 Department of physics, Mohammed V University in Rabat,  Morocco 
2 Institute of Design & Fabrication (IDF), Polytechnic University of Valencia,  Spain 

 

Organic/inorganic halide perovskite solar cells have been largely studied thanks to 
their photovoltaic performances which depend on the properties of the active layer. 
In our work, we sought to point up the different structural, morphological, and 
optical properties as a function of the chemical composition (A=FA/Ma/Cs) and 
(X=I/Br). FAPbX3 prepared by spin coating has a tunable bandgap 1.48 to 2.42 
eV, providing a whole range of colored perovskites.  
Corresponding author: hajarmoumine11@gmail.com; l.atourki@um5r.ac.ma 
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Effects of anodizing potential on structural, morphological, and 
electrochemical properties of nanostructured TiO2 thin films 

O. Zakira, R. Idouhlia, M. Elyaagoubib, M. Khadiria, A. Aityouba, A. Abouelfidaa, A. 
Outzourhitb 

a Laboratory of Applied Chemistry and Biomass, Department of Chemistry, University Cadi Ayyad, 
Faculty of Science Semlalia, BP 2390 Marrakech, Morocco 

bLaboratory ofNanomaterials for Energy and Environment, Department ofPhysics, University 
Cadi Ayyad, Faculty of Science Semlalia, BP 2390 Marrakech, Morocco 

 

In this study, a self-organized nanotubular titanium dioxide (TiO2) array was successfully 
produced by anodizing pure titanium in a mixture of glycerol, distilled water, and 
ammonium fluoride using a dual electrode system. The size control and distribution of the 
nanopores were performed in a DC voltage range varying from 30V to 60 V. The diameter 
of TiO2 nanopores varies from 59 to 128nm depending on the anodizing voltage. Energy-
dispersive X-ray spectroscopy (EDX) analysis reveals that the as-prepared films are 
essentially composed of TiO2. According to the X-ray diffraction (XRD) and Raman 
spectroscopy analysis, the nanotubular arrays of TiO2 annealed at 600°C for 2 hours are 
composed of a phase mixture of anatase and rutile. Mott-Schottky analysis showed that 
the TiO2 nanotubes are consistent with an n-type semiconductor with a donor density of 
about 1017 cm-3 

Corresponding Author: othmane.zakir@gmail.com 
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Anodic TiO2 Nanotube: Influence of annealing temperature on the 
photocatalytic degradation of Carbamazepine 

O. Zakira, R. Idouhlia, M. Elyaagoubib, M. Khadiria, A. Aityouba, A. Abouelfidaa, A. 
Outzourhitb. 

a Laboratory ofApplied Chemistry and Biomass, Department of Chemistry, University Cadi Ayyad, 
Faculty of Science Semlalia, Marrakech, Morocco 

bLaboratory of Nanomaterials for Energy and Environment, Department ofPhysics, University 
Cadi Ayyad, Faculty of Science Semlalia, Marrakech, Morocco 

 

The effect of annealing temperature on the morphology, structure, and photocatalytic 
response of TiO2 nanotubular prepared by anodization of a pure titanium foil were 
investigated. The anodization was carried out in a Glycerol/H2O/NH4F electrolyte at 
room temperature, with two electrode configuration. The morphology and structure of the 
nanotubes were characterized by scanning electrons microscopy (SEM), X-ray diffraction 
(XRD) and Raman spectroscopy. The results revealed that the annealing temperature 
affect strongly the morphology, the crystallinity, and the phase composition of the TiO2 
nanotubes. The as-anodized TiO2 nanotube layers present an amorphous structure and the 
crystallization to the anatase phase begins at 400 °C. In addition, the rutile phase was 
observed at 600 °C. 83.3 % of the anatase phase is transformed into rutile when annealing 
temperature increases from 400 °C to 700 °C. It is found that the phase composition of 
TiO2 impact directly the photocatalytic degradation of the carbamazepine. The high 
photocatalytic activity was reached when the mixture of anatase and rutile exhibited a 
composition of about 82 % and 18 %, respectively. Increasing of solution pH from 4 to 10 
increases the degradation efficiency from 74.6 % to 83 %. 
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Synthesis of copper sulphide (CuxS) thin films using electrodeposition 
method for solar cell applications 

A. Ait-Karraa, O. Zakira, R. Idouhlia, A. Abouelfidaa, M. Khadiria, J. Benzakoura 

a Laboratory of applied chemistry and biomass, Department of chemistry, University Cadi Ayyad, 
Faculty of Science Semlalia, Marrkech,  Morocco 

 

Copper sulphide (CuxS) is one of metal chalcogenides that has shown its ability to be used 
in several applications such as solar cells, cathode materials in lithium rechargeable 
batteries, thermoelectricity and photoelectrochemical cells.  This material was elaborated 
by tremendous techniques like sol – gel, hydrothermal and electrodeposition. In this work, 
Copper sulphide thin films were synthesised by single-step pulsed potential 
electrodeposition. The process of synthesis was carried out in a conventional three 
electrodes system comprising of platinum foil as counter electrode (CE), stainless steel 
plate substrate as working electrode (WE) and the saturated silver/silver chloride 
electrode (Ag/AgCl) as reference electrode (RE). The deposition solution was an aqueous 
solution ofcopper sulphate pentahydrate (CuSO4, 5H2O) and thiourea (SC(NH4)2. The 
temperature of the process was maintained at 30°C. The pH of the aqueous solution was 
adjusted to 2.2 ± 0.1. Thiourea was used as a copper ion complexing agent and sulphur 
source. Electrodeposited films were obtained by applying a forward (VF = -1.0V) and a 
reverse (VR = 0.0V) potentials during different times. The obtained thin films were 
characterized by XRD, SEM, EDAX and Raman spectroscopy. Cyclic voltammetry 
(CV)and electrochemical impedance spectroscopy (EIS) have been applied to analyse the 
growth process of the obtained films. Mott Schottky analysis has been used to determine 
the semiconductor nature of the films. The effects of deposition potential and deposition 
time have been studied and discussed.  
Corresponding Author: a.aitkarra@gmail.com 
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Mixed metal oxides based solid solution series of Layered Double 
Hydroxides: Synthesis and characterization for investigation of their 

optical properties 
Lahkale R., Elhatimi W., Assekouri A., Sabbar E. 

Department of Chemistry, University of Chouaib Doukkali, El Jadida, Morocco 

 

In this work, we reported the application of the diffuse reflectance spectroscopy technique 
on mixed metal oxides (MMOs) derived from nitrate intercalated Mg1-xAlx Layered Double 
Hydroxides (LDHs) ( = 0.167, 0.20, 0.25, 0.33), with a view to investigate the effect of 
aluminum content on their optical behavior. The LDH precursors were synthesized by 
coprecipitation method at different aluminum molar fraction (x), and characterized by X-
Ray Diffraction (XRD). By plotting the parameter (a) as a function of (x), one obtained a 
linear evolution which confirmed the obtaining of solid solution series of desired LDH 
compounds according to Vegards’law. These LDH samples were even calcined at about 
726 K for 6h to give derivatives mixed MMOs. There later were constituted by two phases: 
MgO and Al2O3. Only, the crystallized MgO was detected through XRD because Al2O3 is in 
the amorphous state with Al3+ species located in both tetra and octahedral site, which 
conducted to a decrease in crystallinity from mixed metal oxide having lower aluminum 
toward higher aluminum content. The formulas of synthesized MMOs were determined by 
ICP. Thereby, in order to distinct between amorphous aluminum oxide and crystallized 
magnesium oxide contained in MMOs, we have characterized through Scanning Electron 
Microscopy (SEM) two samples having higher and lower aluminum content, respectively. 
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Concerning the application of the Diffuse Reflectance Spectroscopy for the investigation of 
optical properties of synthesized MMOs, it was shown that the aluminum content led to a 
shift of light absorption toward smaller wavelengths (blue shifting), whereas the 
magnesium content exhibited a red shifting. Moreover, for the mixed metal oxide having 
higher aluminum content (x = 0.33), a strong absorption in [190, 200 nm] range was 
shown of which the optical band energy was determined around 6.29 eV, and a high 
reflectance about of 96 % in [400, 1100 nm] range was also signaled for this sample. 
Corresponding Author: r.lahkale@hotmail.com 
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Effect of Alumina on the thermal and chemical durability of some 
calcium potassium phosphate glasses 

Y. Alaouia, M. Laourayeda, A. Er-rafaia, M. El moudanea, M. Boudaliaa, A. Guenboura, A. 
Bellaouchoua 

a Laboratory of materials nanotechnology and environment, Mohammed V University, Department 
of chemistry, Rabat, Morocco 

 

An extended range of phosphate glass systems has been developed over time by linking 
intermediary/modifiers oxides like Al2O3, K2O, CaO, etc… Additionally, the chemical 
durability of phosphate glasses can be enhanced by inserting multivalent oxides such as 
Al2O3.  This work aimed to develop a series of phosphate glasses having different 
solubilities and with suitable characteristics to be drawn into fibers. Six molar 
compositions of the system Al2O3-P2O5-Cao-K2O were prepared and characterized in 
terms of DRX, density, thermal properties, and chemical durability. The dissolution tests 
were conducted in bi-distilled water (pH=7), HCl solution (pH=3), and NaOH solution 
(pH=12), to study the influence of pH on the dissolution process. Alumina (Al2O3) had a 
stabilizing effect on the glass causing an increase in the glass transition temperature and 
density, and a decrease in the dissolution rate. The pH decreased caused by the acidic 
degradation products and by consequence the enhancement of the glass’s weight loss was 
attuned with Al2O3. The improvement of chemical durability with increasing Al2O3 
addition is attributed to the replacement of P-O-P bonds in the glass by more hydration-
resistant P-O-Al bonds and the strong cross-linking of the phosphate chains by the Al ions.  
Keywords: Phosphate glasses, Alumina, DRX, Chemical durability, pH.  
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Contribution to the study of the mechanical behaviour of 
Polypropylene polymer under the effect of strain rate variation in the 

construction of acid pipes in steel pickling lines 
Fatima Ezzahra Harrati1, Khalid Elhad2 and Abdlilah Hachim2 

1 Laboratory of Control and Mechanical Characterization of Materials and Structures, National 
Higher School of Mechanics, University Hassan II, Casablanca, Morocco 

2 Laboratory of Materials and Structures,  Institute of Maritims Studies, University Hassan II, 
Casablanca, Morocco 

 

Since their appearance in the building sector, polymers have seen all the colors. 
Considered the pinnacle of modernity in the half of the 20 th century, they were displayed 
brazenly. Today, if they are more discreet, they have nevertheless gained in efficiency, 
especially in the energy field.  Polypropylene is one of the polymers that are used in the 
manufacture of sports and leisure equipment, in transport, in household appliances, in 
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medical and health products, in clothing, as well as in mechanical installations. , it is used 
as transporters of hydrochloric acids for the pickling of flat steel sheets 
Corresponding author: fe9harrati@gmail.com 
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Magnetic and magnetocaloric properties in metallic antiperovskite 
compound Mn3InC 

Y. Charif Alaouia, N. Tahiri a, O. El Bounagui b, and H. Ez-Zahraouy a 
aLaboratory of Condensed Matter and Interdisciplinary Sciences Faculty of Sciences, Mohammed V 

University in Rabat, Morocco 
bLPHE-MS, Mohammed V University in Rabat, Morocco 

 

The electronic structural, magnetic and magneto-caloric properties of themetallicanti-
perovskite compound Mn3InC were investigated using several theoretical methods such 
as: Ab-initio calculations and Monte Carlo simulations. Ternary manganese compounds 
Mn3InC have the cubic perovskite crystal structure, in which the Mn atoms are located at 
the face centered positions, the In atoms on the cubic corners, and the C atoms at the body 
centered positions.Using the first principle calculations, the magnetic moment and the 
exchange coupling interactions values are calculated.The total magnetization, the 
susceptibility and the specific heat of this compound are determined. The critical 
temperature obtained is in good agreement with the experimental results. Obviously, the 
isothermal magnetic entropy change, adiabatic temperature change and relative cooling 
power (RCP) for different external magnetic fields are obtained around TC. 
Corresponding Author: youssef_charifalaoui@um5.ac.ma 
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Study of corrosion inhibition of mild steel by new corrosion inhibitors 
based on natural materials 

Y. Zarki1*, F.Chaouket1, A. Ait Aghzzaf2, K .Draoui1, I.Raissouni1, D.Bouchta1, M. 
Elmourabit1. 

1 Material and Interfacial Systems Laboratory, Department of Chemistry, Faculty of Science, 
AbdelmalekEssaâdiUniversity, Tetouan, Morocco. 

2Laboratory of Applied Sciences and Didactics (LaSAD), ENS, AbdelmalekEssaâdi University, 
Tetouan, Morocco 

 
Plants and their extracts can be used in many fields thanks to their various properties and 
their interesting virtues. In addition, they constitute an accessible and renewable source of 
effective corrosion inhibitors that are inexpensive and meet the criteria of emerging 
environmental requirements. Indeed, in the last decade, essential oils have been widely 
studied as corrosion inhibitors for different metals and alloys in acidic and neutral 
environments. Their effectiveness has been proven but is limited by low solubility, 
especially in neutral media, and volatility at relatively low temperatures. In this study, the 
leaf extract of the plant Daphne gnidium L. (Thymemeacea) was used as a corrosion 
inhibitor for mild steel in 0.1M NaCl.  The content of total polyphenols was evaluated by 
UV visible spectrophotometry assay and with cyclic voltammetry.  The results show that 
the extract contains a high content of total phenols estimated at 2076 mg/L GAE. The 
study of the anti-corrosion performance of the extract was carried out by electrochemical 
impedance spectroscopy (EIS) and the drawing of potentiokinetic polarization curves. The 
results obtained show that the addition of the extract, at only 3% to the corrosive medium, 
allows limiting to 73% the attack of the material. The inhibition efficiency increases to 81% 
when passing from one hour to 4 hours of immersion.  The results of the polarization tests 
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revealed that the extract acts as a mixed-type inhibitor by delaying the anodic and 
cathodic reactions. This may be related to a synergistic effect between the different 
components of the Daphne gnidium L. extract and its high content of polyphenols. 
Corresponding Author: Youssef.zarki@etu.uae.ac.ma 
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Investigations on the effect of Bi and Fe co-doping on the 
microstructure, optical and dielectric properties of BaTiO3 perovskite 

ceramics 
Zakaria Chchiyaia, Fatima El Bachraouia,b, Youssef Tamraouib And Bouchaib Manouna,b 

a Laboratoire Rayonnement-Matière et Instrumentation, Faculty of Science and Technology, 
University Hassan 1st, Settat, Morocco 

b Materials Science and Nano-engineering Department, University Mohammed VI Polytechnic, Ben 
Guerir, Morocco 

 

ABO3 perovskite family is known as one of the most important classes of materials owing 
to their excellent physical properties. Recently, perovskite materials have been found 
promising for many applications like photocatalysis, catalysis, solid oxide full cell (SOFC), 
gas sensors, memory, superconductors, batteries. In this study, we have synthesized the 
perovskite series Ba1-xBixTi1-xFexO3 to study the influence of the substitution over the 
structure, optical and dielectric properties. The ceramics with perovskite structure of the 
compositions Ba1-xBixTi1-xFexO3 (x = 0, 0.2, 0.4, 0.6 and 0.8) were synthesized through the 
conventional solid-state reaction route. All prepared samples were characterized by X-ray 
diffraction, scanning electron microscopy, UV-visible spectroscopy and impedance 
spectroscopy. The X-ray diffraction characterization at room temperature indicated the 
formation of a single perovskite phase in all the samples. The X-ray diffraction data 
refined by the Rietveld technique revealed two phase transitions with the increase of 
BiFeO3 content, the first structural transformation from tetragonal (P4mm) to cubic (Pm-
3m) and the second from cubic (Pm-3m) to rhombohedral (R3c), which were confirmed by 
Raman spectroscopy. From SEM images, all samples showed different sizes (small and 
large) and shapes (spherical and polygonal). The average grain size was found to be 0.20, 
0.46, 0.79, 1.14 and 1.32 µm for the compositions x = 0, 0.2, 0.4, 0.6 and 0.8, respectively. 
UV-vis absorption spectra of doped compounds indicated the presence of four electronic 
transitions in octahedrally coordinated Fe3+ ions from their fundamental 6A1g(S) level to 
different excited levels. The co-doping of Bi3+ and Fe3+ ions from 0 % to 80 mol% leads to a 
decrease of the direct band gap energy from 3.29 eV to 1.91 eV. The dielectric properties of 
the ceramics under study were investigated at room temperature in a wide frequency 
range using impedance spectroscopy. The changes of dielectric properties at room 
temperature with increasing BiFeO3-doping amount are discussed in detail.  
Corresponding Author: chchiyai.zakaria@gmail.com 
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Study of heat treatments of 2024 and 7075 aluminum alloys for 
aeronautical applications 

Fatima Ezzohra El Garchani a, Moulay Rachid Kabiri a 
aLaboratory of Materials, Metallurgy and Process Engineering, National School of Arts and Crafts 

Meknes, Morocco 

 

Aluminium alloys 7075 T6 and 2024 T3 occupy a very important place in the aeronautical 
field. They have high mechanical characteristics which allow their use as structural 
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 materials. The mechanical strength of these alloys is increased by the phenomenon of 
structural hardening which involves specific thermal or thermomechanical 
treatments. The counterpart of these treatments is the establishment of a very 
heterogeneous microstructure that sensitizes the material to various corrosion modes.  In 
this work, we will characterize the behavior of the 7075 T6 alloy and the 2024 T3 alloy 
after having carried out several heat treatments (quenching, maturation during 1 day, 2 
days, 3 days and 4 days) in pitting corrosion through sea water immersion and salt mist 
tests for the raw sample. We will choose as evaluation parameters the measurement of the 
mass variation, the micro hardness (HB) and a metallographic study (M.O). The results 
obtained showed that the thermal treatments improve the mechanical characteristics for 
the two alloys studied and thus the corrosion resistance. 
Corresponding Author:f.ezzohra.elgarchani@gmail.com 
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Green synthesis and catalytic application of silver oxide nanoparticles 
Ag2O 

Brahim El ghmari*; Hanane Farah; Abdellah Ech-chahad 
Hassan First University of Settat, Faculty of Science and Technology, Physical-Chemistry of 

Processes and Materials Laboratory, Settat, Morocco 

 

In this study, a new route for the synthesis of silver oxide nanoparticles NPs Ag2O was 
carried out using the extract of the plant Herniaria Hirsuta (H. Hirsuta), the extract is 
easily obtained by water as solvent. The structural properties and identification of silver 
oxide nanoparticles were studied by UV-vis spectrophotometer and X-ray diffraction 
(XRD). The results of the analyses obtained show that there is a characteristic absorption 
band by surface plasmon resonance of Ag2O NPs around 430 nm, from which the direct 
and indirect gap energy values were estimated by Tauc formula, the determined 
crystalline phase is cubic in nature, as well as the average size of Ag2O crystallites 
calculated by Scherrer relation, is about 15.51 nm. The catalytic activity of the Ag2O NPs, 
as well as the number of cycles was studied by the degradation of the methylene blue dye 
which is 89%. All these results were estimated by the OriginPro software. 
Corresponding Author:braxgh@gamil.com 
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Synthesis of magnesium substituted copper ferrites Cu1-xMgxFe2O4 via 
sol gel auto-combustion technique: A study of their catalytic activity 

for the degradation of tartrazine dye using Fenton reaction 
A. Soufi, H. Hajjaoui, M. Abdennouri, N. Barka 

MRI Lab, Research Group in Environmental Sciences and Applied Materials (SEMA), Sultan 
Moulay Slimane University of BeniMellal, Khouribga, Morocco. 

 

With the rapid development of urbanization and industrialization, environmental 
pollution caused by organic contaminants has become an overwhelming issue 
worldwide.Heterogeneous Fenton reactions are considered to be the most effective 
treatment methods for the removal of micropollutants from water based on the generation 
of the highly active oxidizing hydroxyl radical’s species. Recently, increasing interest has 
been evoked in the application of spinel ferrites nanoparticles as heterogeneous Fenton 
catalyst in the degradation of organic pollutants. In this work, a novel 
catalyst,magnesium-copper ferrite with composition Cu1-xMgxFe2O4(x = 0.0, 0.2, 0.4, 0.6, 
0.8 and 1.0)was synthesized using sol-gel-auto-combustion method. Citric acid was used 
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as a fuel/complexing agent.The spinel phase was confirmed using X-ray powder 
diffractometry (XRD) and Fourier transform infrared spectroscopy (FT-IR) techniques. 
The morphology and compositions of the ferrite particles was established by scanning 
electron microscopy (SEM) analysisand energy dispersive X-ray (EDX) respectively.The 
Cu1-xMgxFe2O4 nanoparticles obtained was employed as catalysts for the catalytic 
degradation of tartrazine (TA) dye. It was observed that complete degradation of TA dye 
occurs within 180 min with all catalysts under study.Cu1-xMgxFe2O4was found to be 
effective catalysts for destructive removal of pollutants and the composite with 
composition x=1.0 showed the highest activity.  Hence, we conclude that copper 
magnesium ferrite can be used as a potential material for the purification of water and its 
degradation efficiency increased with an increase in magnesium concentration. 
Keywords: Composite materials, Advanced oxidation processes, Catalytic wet peroxide oxidation, 
copper/magnesium ferrite, Recyclable catalyst. 
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A facile synthesis of heterojunction phosphate-based electrocatalyst by 
electrodeposition method for degradation of Rhodamine B 

A.Ahdoura, A.Taoufyqa, L.Aneflousa, A.Benlhachemia and B.Bakiza 
a  Department of chemistry, Faculty of Science, Ibn Zohr university Agadir, Morocco. 

 

Large amounts of colored wastewater are released into environment coming from 
different industries such as textiles, paper, plastics, food, and pharmaceutical. Efficient 
removal of organic pollutants from wastewater has become a hot research topic due to its 
ecological and environmental importance. Traditional water treatment methods such as 
adsorption, coagulation, and membrane separation suffer from efficiency, high operating 
costs, and even generate secondary pollutants. Semiconductor electrocatalysis has 
demonstrated efficiency in degrading a wide range of organic pollutants into 
biodegradable or less toxic organic compounds, as well as inorganic CO2, H2O, NO3-, PO43-

. In a reason to treat this problem, we have first electrochemically synthesized a phosphate 
based anode, and then characterized by X-ray diffraction (XRD), Scanning electron 
microscopy (SEM), Energy dispersive X-ray analysis (EDS). Its electrochemical efficiency 
to degrade the RhB pollutant was studied. 
Corresponding Author:ahdourayoub@gmail.com 
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Thermodynamic study of aluminum chloride-based electrolytes of the 
binary system in aqueous solutions at temperature 298.15 K 

Kawter Chakib, Sidi Mohammed Aboufaris El Alaoui, Mohamed EL Guendouzi 
Laboratory physical Chemistry, Faculty of Sciences Ben M’Sik, Materials &Catalysis, University 

Hassan II of Casablanca, Casablanca, Morocco 

 

Natural mineralogical systems containing aluminum (+3) are found in great abundance 
throughout the earth's crust in a wide range of rock types. Indeed, their salts in aqueous 
solutions play an important role in industrial applications. Indeed, Aluminum is widely 
used in metallurgy, its utility is considerable in the aeronautical industry and some alloys 
are involved in aerospace engineering and their applications. However, the 
thermodynamic properties of the aluminum aqueous solutions and mineral solubilities are 
of great interest for the knowledge and better understanding of the physico-chemical 
processes governing industrial, geochemical and environmental processes. The calculated 
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solubility requires the thermodynamic properties of the binary system based on the water 
activity measurements. Accordingly, the water activities of AlCl3-H2O aqueous solutions 
were measured from diluted to the saturated solutions, using the hygrometric method.at 
temperature at T=298.15 K. The related thermodynamic properties of AlCl3 (aq) were 
evaluated by the development of ion interaction model. From measurements of droplet 
diameters of reference solution NaCl(aq), the dependence of water activity on solute 
concentration was determined. From the water activity measurements allow the osmotic 
coefficients were determined using the ion interaction model. The binary interaction 
parameters of AlCl3-H2O were evaluated and the solute activity coefficients were 
predicted. The excess Gibbs energy of the system is also determined. In this context, the 
thermodynamic study of aluminum-based electrolytes in aqueous solutionat T= 298.15 K 
is essential in order to know and master the ore manufacturing processes and meet the 
needs of industries. Generally, the extraction of aluminum is done by electrolysis or 
crystallization. So when extracting aluminum, the products obtained usually have low 
purity and the key problem is the lack of data in the literature at different temperatures. 
Hence our study at the laboratory level under perfectly known conditions, the 
thermodynamic data obtained are necessary to know the solid-liquid phase equilibrium. 
Corresponding Author: kawter.chakib@gmail.com 
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Photodegradation of Rhodamine B under visible light irradiation in 
aqueous medium by a bismuth-based catalyzed 

K.Fritaha, M.Khachanea, A.Benlhachemia, B.Bakiza, A.Taoufyqa, Y.Naciria, A.Bouddoucha 
a University Ibn Zohr, Chemistry, Agadir, Morocco 

 

Energy scarcity and environmental pollution are two major challenges to human 
survival. Water pollution is the most serious problem threatening human existence. To 
remedy this problem, heterogenous photocatalysis was suggested as a promising process 
whose principle consists in irradiating a photo-catalyst by a light source. An ideal photo-
catalyst is believed to offer highly efficient separation of photo-generated electron-hole 
pairs, broad absorption of sunlight and superior physicochemical stability. During the 
recent few decades, bismuth-based semiconductor photo-catalysts have attracted 
increasing attention due to its applicability in taking advantage of sunlight to removal 
environmental pollutants. In this work, the bismuth-based compound with sillenite 
structure was synthesized by the co-precipitation reaction and characterized by powder 
X-ray diffraction; scanning electron microscopy and Fourier transform infrared 
spectroscopy. From the structural point of view, the XRD analysis shows that the 
synthesized powder is well crystallized and that no secondary phase appears. FT-IR 
analysis reveals the presence of characteristic bands of the bismuth-based compound. The 
SEM micrograph indicated that the bismuth-based compound formed by uniform 
spherical particles. Photocatalytic test display that the oxide prepared by the co-
precipitation reaction exhibit good photocatalytic activity for photodegradation of 
Rhodamine B, such that 98% of dye was degraded after 180 minutes under visible light 
irradiation. 
Keywords: Heterogeneous photocatalysis, Rhodamine B, Bismuth-based, Pollutant. 
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Development of anti-corrosion pigments based on phosphate sludge for 
mild steel in chloride medium. 

M. Elmourabit a, F. Chaouketa, K. Draouia, A.  Ait Aghzzaf b, I. Raissounia, D. Bouchtaa,  Y. 
Zarkia and I. Allaouia 

a Material and Interfacial Systems Laboratory, Department of Chemistry, Faculty of Science,   
Abdelmalek Essaâdi University, Tetouan, Morocco 

b, Laboratory of Applied Sciences and Didactics (LaSAD), , ENS, Abdelmalek Essaâdi University 
Tetouan, Morocco 

 

This study focuses on the treatment of phosphate wash sludge to make an environmentally 
friendly inhibitor for steel protection in NaCl3% medium. A lanthanum-modified 
hydroxyapatite pigment (La-HAP) was successfully co-precipitated from nitric acid 
attacked phosphate sludge. The chemical composition and crystal structure of the 
synthesized pigment was studied by Fourier transform infrared spectroscopy FT-IR and 
X-ray diffraction.  The inhibitive performance of the elaborated inhibitor was investigated 
using electrochemical impedance spectroscopy (EIS) and linear polarization techniques. 
The corrosion tests were carried out on mild steel in 3% NaCl, containing 1 g/L of La-HAP. 
The results obtained showed that the corrosion resistance of the steel samples is improved 
in the presence of the synthesized pigment. Besides, the electrochemical analysis along 
with XRD characterizations, carried out on substrates surfaces after electrochemical tests, 
showed the development of a protective layer based on iron phosphate FePO4, Fe3(PO4)2, 
and LaO3. 
Keywords:  Phosphate sludge, La-HAP, Corrosion Inhibition, Chemical synthesis, X-ray 
diffraction.  
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Annealing effect on elastic and structural behavior of binary Mg25Al75 
metallic glasses under different cooling 

A. Samiri *), A. Khmich*), A. Hassani and A. Hasnaoui**) 

LS3M Laboratory, Polydisciplinary faculty of Khouribga, Sultan Moulay Slimane University of 
Beni Mellal, Khouribga, Morocco. 

 
Molecular dynamics (MD) simulations based on the embedded atomic method (EAM) are 
used to study the annealing effect on elastic and structural behavior for different cooling 
rates of binary 	metallic glasses (MGs). Firstly, we examine the cooling rates 
effect (5 × 10/,10/, 5 × 10/ and 10/) on the atomic locale structure of 
	MG through a variety of local structure analysis methods such as bond angle 
distribution (BAD), total and partial radial distribution function (RDF), Voronoi 
tessellation analyses (VTA) and coordination numbers (CNs). Our results confirm that the 
	 glass formation is proved by a splitting of the second peak in the RDF upon 
quenching process. The < 0,0,12,0 >,< 0,1,10,2 >  and < 0,2,8,4 > Voronoi polyhedrons 
(VPs) have been depicted as the most dominant polyhedrons in the system, and we have 
found that the < 0,0,12,0 >,< 0,1,10,2 >  clusters increase while the < 0,2,8,4 >  cluster 
decreases as a function of the decrease of the cooling rate. Via the Went-Abraham 
parameter, our numerical results show an increase of the glass transition temperature 
(Tg) with increasing of cooling rate. Finally, we heat-treated the binary 	MG 
samples at the aging temperature 450K during period varying from 0 to 5 ns for four 
different quenching rates. We observed that the elastic constants and  increase while 
as the annealing time increases and the quenching rate decreases. This has 
been correlated with the elastic moduli, where Young’s modulus (E), bulk modulus (B) and 
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shear modulus (G) increase, which suggests the improvement of the elastic behavior, the 
resistance to compression and the resistance to the shear bands (SBs), respectively. We 
also found that at the atomic level in the short-range order (SRO), the < 0,0,12,0 >  <
0,1,10,2 > clusters and the degree of the five-fold symmetry increase as a function of the 
increase of annealing time. 
Corresponding Author: samiriabdelali1@gmail.com 
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Structural properties of Fe-W core-shell nanoparticles studied using 
dynamic molecular 

H. Haouasa , , K. Sbiaaia, A. Hasnaouia 

a: Laboratory LS3M polydisciplinary faculty Sultan Moulay Slimane university, khouribga, Morocco

 

Nanoparticles have a unique optical, electronic magnetic, and thermo properties for 
different field. Such performance should be attributed, due to their specific characteristic 
structure. The chemical and physical properties of multi-metallic nanoparticles can be 
finely tuned by changing the structure and composition of the metallic domains. Heat 
treatment ineluctably affects the structure and elemental distribution in each domain 
inside the nanoparticles. Among all metals nanoparticles W is one of them that exhibit a 
good property at different field, and we chose it to be in the shell with Fe in the core, we 
performed dynamic molecular to investigated structural properties by heated it to 
different temperature. Thermodynamic and energy properties such as radial distribution 
function, and potential energy plots are adopted to study the melting behaviors of W-Fe  
core-shell from 300K to 3000K. . Meanwhile, the common neighbor analysis was 
employed to identify the local structures.A step-heating method is introduced to obtain 
equilibrium melting points. Our results show that the core is responsible of the final 
structure by presented the partial distribution function, and to give a wide observation 
we presented a different size to show the relation between the size and the melting 
point.These results significantly extend the fundamental understanding of thermally 
driven structural evolution of multimetallic nanoparticles 
Corresponding Author:Hayathaouas10@gmail.com 
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Anticorrosion activitie of Mild Steel in 1.0 Hydrochloric Acid Solution 
by Wathania frutescens L. Essential Oil 

M. Kadiri1, A. El Moussaoui2, N. Achenine1, M. Sfaira1, and A. Bari2  
1 Laboratory of Engineering, Modeling and Systems Analysis, Faculty of Sciences, Sidi Mohamed 

Ben Abdellah University, Fez, Morocco 
2 Laboratory of Biotechnology, Environment, Agrifood, and Health, Faculty of Sciences, Sidi 

Mohamed Ben Abdellah University, Fez, Morocco 
 

 

Corrosion has been considered among the problems of most industrial sectors and it can 
cost billions of dollars every year due to deterioration of materials. Exposed metals to 
certain acids like HCl can accelerate the corrosion process since such acids act as 
corrosive agents. The corrosive agents have an important role in petrochemical processes, 
industry, refining of crude oil, industrial cleaning, and acid descaling. Most of the 
synthetic or semi-synthetic compounds possess good anticorrosive activity, but some 
chemicals that are applied for corrosion inhibition may be harmful to humans. It is thus 
fitting that the interest in natural anticorrosive agents has grown worldwide. In this 
sense, Wf-EO can be one of the preferable agents that find application in the industrial 
sector to fight against corrosion. In the framework of seeking potential natural products 
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for use against corrosion, we tested Wf-EO. This plant has a broad application in the 
medical due to its pharmacological such as antimicrobial, anti-diabetic, anti-
inflammatory, and healing activities. Moreover, no in vivo toxicities have been reported 
for Wf-EO at doses up to 2000 mg/kg/weight. The anticorrosion activity was undertaken 
using potentiodynamic polarization (PP) and electrochemical impedance spectroscopy 
(EIS) methods.  From PP measurement the diminution in current density provides the 
inhibition efficiency to reach a maximum value of 82.39%. Moreover, from EIS; in the 
whole concentration range, the polarization resistance enhences with Wf-EO 
concentration, hence the best inhibition efficiency reached was 87.77%.  
Corresponding Author: mariya.kadiri@usmba.ac.ma  
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Calcined clay for durability performance of concrete pipe in semi 
arid area Morocco 

A. Ejbouh1 , A. Ech-chebab1 , M. Galai1 , S. Hassi1, Benqlilou2 , M. Ebn Touhami1 

1 Advanced Materials and Process Engineering Laboratory, Ibn Tofail University, 
Kenitra,Morocco 

2 International Institut for Water and Sanitation (IEA), National Office of Electricity and the 
Potable Water, Rabat, Morocco. 

 

This study investigates the durability performance of local raw clay as a 
supplementary cementitious material (SCM) in concrete cover pipe used for 
drinking water distribution in in the semi-arid region, Morocco. The service life of 
the underground pipe line is shorter in this harsh environment because of 
aggressive corrosive soil, and cyclical variation of temperature and humidity. Two 
mixes: a control OPC and 20 % calcined clay, buried in simulated aggressive 
exposure soils with combined chloride and sulfate ions under drying wetting cycles 
were experimentally investigated. The results improve that the durability of calcined 
clay as a SCM compared to the OPC concrete was approved by good performance of 
the concrete against chloride sulfate ingress (Rc) and better corrosion resistance Rp 
by approximatively 3 and 12 times respectively. Moreover, the mechanical 
performance was approximatively the same. Thus, the calcined clay could serve as a 
valuable SCM to enhance the durability performance of concrete pipe exposed to 
semiarid area of Morocco classified XD3/XA3 on EN 206- 1 standard. 
Keywords: calcined clay, LC3, corrosion, aggressive soil. Wetting drying cycles, 
durability, chloride sulfate   
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Automatic pavement crack detection methods 
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Roads are a major public asset and an important part of the infrastructure in all 
countries. Having good quality roads is a necessity for nearly every human 
activity. Good road maintenance is thus required. Pavement surface distress 
evaluation is an important part of the process for ensuring the durability of the 
pavement structure and maintaining sufficient quality of service and safety. Crack 
is the most common pavement distress, which is a sensitive indicator of the 
structural evolution characteristics of the pavement. Typically, crack detection is 
performed by a manual process which is extremely labor-intensive, time 
consuming and necessitates domain expertise. Consequently, automatic pavement 
crack detection is needed to stimulate this progress and facilitate road inspection. 
However, it remains a challenging task due to intensity in homogeneity, low 
contrast, topology complexity, and noisy backgrounds. In this paper, the major 
types of methods have been reviewed for automatic crack detection: image 
processing, machine learning, and deep learning algorithms. Crack detection 
based on image processing algorithms typically incorporates edge detection, 
threshold segmentation, and minimal path selection methods, which mainly deal 
with image segmentation and feature extraction. Traditional machine learning 
methods like support vector machine remain (SVM) independent of the extracted 
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features. Deep learning such as convolutional neural networks (CNN) has proven 
better performance on pavement crack detection. There are many successful 
methods and algorithms for pavement crack applications, but there is no standard 
until now. Therefore, in order to know the history of the evolution of the automatic 
crack detection methods we have assembled a lot of existing methods in this 
research topic to encapsulate the research artwork status. To get an overall idea of 
the performance of the most used techniques for automatic pavement crack 
detection and help researchers seek more efficiently, we compared the results 
obtained in several algorithms. The results showed that the DCNN-based 
algorithm outperforms the others. 
Corresponding author: khlifatioumaima@gmail.com 
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Effets de la fissuration sur les structures en béton 
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La résistance en traction du béton étant faible, celui-ci est sujet au phénomène de 
fissuration dès son jeune âge. Les causes de cette fissuration sont de type chimique, 
thermique ou mécanique. Malgré les progrès dans le domaine des structures en 
béton, il n’est pratiquement pas possible de réaliser des ouvrages non fissurés. 
Tenant compte de cette réalité, l’Eurocode 2 tolère la fissuration du béton mais 
limite l’ouverture des fissures et préconise une section d’armatures minimale pour 
contrôler leur propagation. Cependant, ces fissures représentent un grand danger 
pour l’aptitude au service et la durabilité des structures. Cet article met l’accent sur 
l’état actuel des recherches dans ce domaine et suggère de déterminer les influences 
majeures de la répétition des charges, du fluage, du retrait différentiel, etc, sur la 
propagation des fissures. 
Corresponding author: enkaiki.loubna@gmail.com 
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Reinforced concrete long-term deterioration prediction for the 
implementation of a Bridge Management System 

P. Alonso Medina1 and J. León González1 
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Nowadays, an increasing number of reinforced concrete (RC) bridges require 
refurbishment and repair works due to their advanced deterioration. However, the 
level of damage that RC structures may experience due to the action of different 
aggressive agents is not always evident to the naked eye, representing risks for 
bridges’ owners, concessionaires, and users. Whereas the control of the mechanical 
deterioration and damage of bridges has reached a high level of development in 
recent years, the monitoring of the deterioration due to physical, chemical, or 
biological processes is currently in a less developed stage. For instance, corrosion 
and carbonation evolution rates of existing structures depend on different 
threshold values that may differ significantly from the standard values proposed 
for design purposes of new constructions. Moreover, these threshold values depend 
on several parameters such as temperature, type of cement, or environmental 
conditions (e.g., dry-wet cycles). Therefore, durability prediction models must also 
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include an assessment of the evolution of the structural performance exposed to the 
aggressive actions of various agents simultaneously. During the last decades, 
many administrations have been implementing Bridge Management Systems 
(BMS) to control their infrastructures through periodic inspections to detect 
damages and reduce the risk as well as the uncertainty about the level of 
investment required to repair a certain structure. The collection of these data 
results in inspection databases which include large amounts of information that 
can be used to understand how RC structures deteriorate under different 
environmental aggressiveness conditions. This paper focuses on the definition of 
criteria for the implementation of an inspections-based BMS for RC bridges. For 
the purpose of this paper, since extensive inspections databases are needed to 
perform the analyses described, real data from the AURA BMS have been used, 
which includes a database of hundreds of Spanish RC bridges’ inspections. First, 
the procedure for modeling the deterioration of a specific bridge is performed 
based on the assessment of the damages identified in the inspections history of that 
bridge, defining a global damage index. The damage index is then broken down 
into three distinct sub-indexes that allow modeling the deterioration of a structure 
in terms of structural performance, durability, and functionality separately. 
Afterward, statistical analyses are carried out to calibrate the ageing prediction of 
a certain bridge, obtaining differentiated expressions for each of the three 
indicated sub-indexes and quantifying the accuracy of each prediction. Finally, it is 
also presented how to generalize the methodology for a whole set of bridges 
instead of just for a specific bridge, which allows the effective management of a 
system of any RC bridge typology. 
Corresponding author: palonsomedina@gmail.com 
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Towards understanding the variations in concrete carbonation 
caused by changes in the structure's environmental temperature 
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The carbonation of concrete is an inseparable phenomenon of this building 
material. During the life of the structure, carbon dioxide in the atmosphere enters 
the concrete from the surface of the material. The carbon dioxide can then react 
with the products resulting from the hydration of the cement. Carbonation 
gradually changes the chemical composition and internal microstructure of 
concrete. Carbonation is a widely studied phenomenon because it coats 
reinforcements against corrosion. Steel initially in its passivation domain at basic 
pH is found in its corrosion domain when the pH decreases. Ultimately, the volume 
expansion of steel caused by the accumulation of corrosion products leads to 
concrete cracking. The effect of temperature on concrete carbonation is a priori 
difficult to evaluate since two indicators are opposed: the solubility of the reagents 
decreases with the temperature, but the transport is likely to be thermo activated, 
that is to say that the transport phenomena are accelerated with the increase in 
temperature. This work aims at understanding the impact of temperature 
variations on the carbonation process of a specific type of concrete. This paper 
reflects the experimental work carried in order to better understand the effect of 
temperature variations on concrete carbonation using an ordinary concrete 
frequently used in Morocco for big infrastructure construction sites. To do this, 
samples of concrete were made, in order to conduct in the laboratory a series of 
tests, which served to determine the values of some parameters related to the 
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 carbonation phenomenon such as porosity to water and gas permeability. The 
simulation of this temperature variation in the laboratory is accelerated thanks to 
a temperature-controlled chamber according to 6 hours long cycle which is 
repeated, and which varies in the range -5 to 40 ° C reflecting the Moroccan 
climate. Although 300 temperature variation cycles have relatively little effect on 
this type of concrete, results show an increase of 15% in porosity to water due to the 
repetitive temperature variations, which can have a significant impact on the 
carbonation depth as well as the kinetics of the reaction. 
Corresponding author: khaoula.lagrini@gmail.com 
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Strength of Eco-friendly Cement Mortars Leaching in Nitrate 
Solutions 

Bassam A. Tayeh 
Civil Engineering Department, The Islamic University of Gaza,  Palestine 

 
To address the environmental eco-friendly mortar due to cement production, strength 
properties of Glass Powder mortar (GP) and leaching in Nitrate solutions is explored in this 
paper. In total, 60 cement mortar mixtures were proportioned in this research work used 
GP passing sieves 200µm. NH4NO3 solution with 5, 10, and 20% concentration, and three 
different exposer period 10, 30, and 60 days were used. The experimental results showed 
that decreases in unit weight of mortar at later ages by the addition of GP. At appropriate 
ages, three specimens exposed to various concentrations of NH4NO3 solution. The results 
indicated that The maximum compressive strength was attained at 10% replacement level of 
cement with GP by approximately 60 MPa at 60 days in ammonium nitrate solution. 
Additionally, 20 % replacement with GP was enhanced Nitrate solutions leaching compared 
to control mixes. 
Keywords: Cement mortar; eco-friendly; ammonium nitrate; glass powder; leaching; 
mechanical properties. 
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Estimation of service life for binary and ternary blends of concrete 
subjected to chloride ingress: A review and case study 

Sudharsan Rathnakumara and Prabha Mohandoss b 
a Undergraduate student, National Institute of Technology, Department of Civil Engineering, 

Tiruchirappalli, India 
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Tiruchirappalli, India 

 

Corrosion is the primary factor which is responsible for durability problems of 
Reinforced Concrete (RC) structures. It is a global issue and several research works 
have been undertaken in the past to understand the mechanism of corrosion. The 
annual global cost of corrosion is $2.5 trillion, equivalent to roughly 3.4% of the world’s 
Gross Domestic Product (GDP), according to a study by NACE International. India 
loses over $100 billion every year due to corrosion, accelerated due to our long 
coastline and tropical climate. Chloride-induced corrosion is a major cause of 
deterioration of RC structures, which leads to sudden failure and frequent repairs 
throughout the intended service life period. Significant research in the past have 
focused on Supplementary Cementitious Materials (SCM) such as Fly Ash , Silica Fume 
etc, on how its durability has been better compared to OPC mixes. This paper attempts 
to compare the tests conducted to measure chloride permeability in concrete from 
different literature. It is then analyzed with different types of concrete mixes. Several 
tests such as Salt Ponding Test, Bulk Diffusion Test, Rapid Chloride Permeability Test 
(RCPT), Rapid Migration Test and Electrical Resistivity Techniques can be used to 
measure the chloride permeability of concrete specimen. RCPT as per ASTM C1202 is 
one of the simplest tests to measure chloride permeability. It is observed that using 
SCMs and pozzolana is effective, indicated by the lower RCPT value. But an anomaly is 
observed for Fly Ash specimens. This signifies that Fly Ash samples are more 
conducting than other SCMs. In binary concrete mixes using Fly Ash as an SCM, RCPT 
value is significantly higher than binary blends of Silica Fume or ternary blends of 
Silica Fume and Fly Ash. Service life is then predicted using the software Life-365 with 
different mix proportions as inputs. Two main observations were made: 1. Binary 
blends consisting of Fly Ash did not show significant increase in service life compared 
to the control specimen, without any SCM. 2. The service life of binary blends with 
Silica Fume was over three times that of Fly Ash, with all other input parameters 
unchanged, which is line with results obtained from different literature. The main 
damage caused due to corrosion, by corrosion of reinforcement is not just the loss of 
steel cross section but cracking of the concrete cover due to expansive stresses exerted 
by the deposition of corrosion products near the Steel-Concrete Interface (SCI), which is 
the third phase of RC in addition to steel and concrete. This stress affects the SCI 
significantly and leads to progressive deterioration and even spalling of the cover 
depth provided. Enhancing steel-concrete interface using different concrete blends can 
be studied to enhance structural performance.  

 
Keywords: Corrosion, Service Life, Chloride, Concrete, Supplementary Cementitious Material, 
Steel-Concrete Interface  
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Corrosion Inhibitor Power of Brown Algae Cystoseira Baccata 
Extract on Carbon Steel in Acidic Media 
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Chouaib Doukkali, El-Jadida Morocco. 
3Equipe de biotechnologie et valorisation des ressources végétales, Faculté des Sciences, 

Université ChouaibDoukkali, El-Jadida, Morocco. 

 

The corrosion inhibitor potential of the isopropanol extract of Cystoseira Baccata on 
carbon steel in 1N H2SO4 was evaluated using weight loss method and electrochemical 
measurements.It was shown that the extract exhibit a very good performance as 
inhibitors and the inhibition efficiency increased with the concentration.The 
polarization curves indicate that the Cystoseira baccata extract acts as a mixed-type 
inhibitor. The charge transfer resistance increases on the other hand the double layer 
capacity decreases with increasing the concentration of extract. The temperature 
influence was study in the temperature range 298k-328k, the results obtained reveal 
the decreasing of de inhibition efficiency with temperature. The adsorption and 
activation parameters allow us to suggest physical adsorption of this inhibitor on the 
metal. The adsorption of extract on the carbon steel follows Langmuir adsorption 
isotherm. 

 
Keywords: corrosion inhibitor, Cystoseira baccata, adsorption, Electrochemical 
measurements 
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Numerical Evaluation for The Effective Slab Width Evaluation of 
Continuous Composite Beams 

Abdesselam Bahaz1, Amara Salah1, Jean-François Demonceau2 
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Numerical analysis of continuous composite beams is a complex task, as large 
numbers of contacts and meshing elements are required to catch all the physical 
phenomena. This leads to potential convergence difficulties using a general static 
analysis. Thus, a three-dimensional finite element model of a composite continuous 
beam is proposed using the RIKS method available in ABAQUS. The proposed model 
is validated through comparisons to available experimental results. Then, the so-
validated numerical model is used to perform a parametrical study to investigate the 
effects of different parameters on the definition of the effective slab width. In 
particular, the influence of the longitudinal reinforcement at the internal support and 
slab width is analyzed through extensive parametric studies to find out the most 
important parameters influencing effective width so that a usable design guide may 
be drafted. 

Corresponding author: bahazabs@yahoo.com 

O5-58 

 

 

 

 

 

 

 

 

 

 

 

 

A Numerical Approach for Reliability Analysis of Concrete Filled 
Steel Tub Subjected to Axial Force 
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This paper presents a reliability and performance study of circular hollow sections 
filled with ordinary concrete, including the mechanical and geometric variability. A 
study of the mechanical behaviour of this type of column subjected to axial force is 
given. In this study, we develop a mechanic-reliability model to calculate the 
reliability index and therefore the probability of failure. The response surface method 
is used to accomplish this coupling in order to describe the uncertainties in a suitable 
model and to study their influence for a reliability assessment. The results show that 
the material and geometric characteristics of the columns have a significant influence 
on strength and reliability. The sensitivity of the random parameters of the study on 
structural reliability is assessed from the proposed method.  
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loading using swimmers as shear reinforcement 
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This article investigated a new shear strengthening technique for reinforced concrete 
(RC) slabs subjected to impact loading. A real-scale RC slab with dimensions of 660 
cm x 300 cm x 32 cm was considered in this study. The slab was subjected to an 
impact of 605 kg mass dropped from 20 m height. Then, the slab was repaired and 
strengthened by a new configuration of shear reinforcement called “swimmers”. 
Several outputs were considered in this study like: impact force, acceleration, 
displacement and damage extent. Results showed that swimmers’ system helped in 
enhancing shear load capacity of the RC slab. In addition, it helped in changing the 
damage pattern of the slab from shear to flexure. The outputs of this study helped in 
providing several recommendations for future research. 
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Strengthening of braced unreinforced brick masonry wall with (i) C-FRP 
wrapping, and (ii) Steel angle-strip system under blast loading 

S. M. Anas1 and M. Alam1 
1Jamia Millia Islamia, Department of Civil Engineering, New Delhi, India 

 

Accidental detonations, and explosions made by extremists are major threats to 
human life and building structures. The vulnerability of the load-bearing masonry 
structures is more as compared to the reinforced concrete structures against 
explosion-induced loadings. Such events weaken the socio-economic stability and 
therefore necessitate the evaluation and effective strengthening strategies of masonry 
structures to improve their blast performance. Unreinforced masonry (URM) walls 
have little flexural resistance against out-of-plane blast loading and exhibit a brittle 
mode of failure. The Masonry Society (TMS) and the Federal Emergency 
Management Agency (FEMA) identified the failure of the URM walls as a major cause 
of material damage due to explosions. In this research work, the clay brick masonry 
wall braced with two transverse walls one at each end, tested experimentally under 
the explosive loads of 4.34 and 7.49kg-TNT equivalent at scaled distances 2.19 and 
1.83m/kg1/3, has been numerically analyzed using a high-fidelity commercial FEM-
based computer program, ABAQUS/CAE version 6.14 considering micro-modeling 
technique and concrete-damaged plasticity (CDP) model. Damage in the exposed 
masonry wall in the form of (i) vertical mortar joint cracks at the center and next to 
the bracing transverse walls, (ii) flexural cracks near the ground; and diagonal 
cracking in the lower part of the bracing walls, is observed at scaled distance 
2.19m/kg1/3. For scaled distance 1.83m/kg1/3, out-of-plane catastrophic collapse of 
the walls occurs. The computed damage patterns are found quite similar to the 
experimental ones from the open literature. Two different strengthening techniques : 
(1) 2mm thick wrapping of carbon fiber reinforced polymer (C-FRP), and (2) steel 
strip mesh of thickness (a) 3mm, and (b) 5mm with angles along the edges of the 
walls, are considered to improve the wall response. In addition to the well-known 
technique of using C-FRP wrapping against blast loading, a novel strategy consisting 
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 of a steel angle-strip system is adopted in the study. Following the techniques, the 
analyses have been carried out. The blast load-carrying mechanism of the walls 
provided with strengthening techniques is explained. 
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Tub Subjected to Axial Force 
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This paper presents a reliability and performance study of circular hollow sections 
filled with ordinary concrete, including the mechanical and geometric variability. A 
study of the mechanical behaviour of this type of column subjected to axial force is 
given. In this study, we develop a mechanic-reliability model to calculate the 
reliability index and therefore the probability of failure. The response surface method 
is used to accomplish this coupling in order to describe the uncertainties in a suitable 
model and to study their influence for a reliability assessment. The results show that 
the material and geometric characteristics of the columns have a significant influence 
on strength and reliability. The sensitivity of the random parameters of the study on 
structural reliability is assessed from the proposed method.  
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The workability and usefulness of Building Information Modelling 
based design for building performance 

Idrissi Gartoumi Khalil1, Aboussaleh Mohamed1 and Zaki Smail1 
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Aligning the construction industry with performance demands, waste elimination, 
and sustainability is a recent development due to the emergence of new technological 
approaches and thoughts around future-proofing. This thinking often relies on 
innovation and the adoption of sustainable and environmentally friendly materials. 
However, trends in influencing the processes and approaches to construction 
management from the design phase to demolition are beginning to attract more 
attention. The use of information technology has provided solutions for monitoring 
and improving the performance of buildings from the design phase. Building 
Information Modelling (BIM) is at the forefront of emerging processes. It can be 
implemented throughout the construction lifecycle using centralized digital models 
created at the design phase, which is crucial for any successful performance. BIM has 
become a powerful solution that can advance and renovate many aspects of the 
construction sector. Despite its vital position in the economies of countries, this 
industry suffers from the dominance of many types of waste that hinder the 
improvement of the performance and productivity of this sector. This paper explores 
the optimization brought by BIM-based design on waste minimization of various 
kinds and its added value to achieve sustainable and efficient construction goals. After 
a demonstrative parade of BIM solutions for design made on two related cases, 
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building and road infrastructure, the study highlights the actual contribution of BIM 
on the elimination of time, budget, and environmental wastes. The results also reveal 
the impact of efficient design on the performance of the building process and the 
ecological and energetic optimizations brought about. In addition, it sheds new light 
on critical wasteful aspects that hinder the efficiency of the act of building, which is: 
design complexity - loss of data and information - design updates - budgetary - time 
and environmental waste.  
Keywords. Construction industry - Waste - Building Information Modelling (BIM) - Design - 
Efficient construction. 
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Seismic Vulnerability for Irregular Reinforced Concrete Buildings 
with Consideration of Site Effects 
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The seismic vulnerability of building structures with setback irregularity is generally 
analyzed without considering the site effect on the response of the structure. By 
considering the site effect, variation in the magnitude and distribution of seismic 
vulnerabilities can be obtained, specifically when a more accurate analysis are 
performed using structural non-linear modeling. In this sense, the present study 
focuses on the quantification of the vulnerability of irregular reinforced concrete 
buildings resting on four soil types; hard rock (S1), very dense soil (S2), stiff soil (S3), 
and soft soil (S4). Structural modeling is carried through a finite element program. 
Nonlinear (pushover) analyses were conducted on the selected building models. 
Finally, the interest of considering the effect of the site classe on the seismic 
vulnerability of buildings is discussed. The outcomes show that sites (S2) and (S3) 
have identical damage probabilities with a maximum difference no greater than 3.7%. 
However, site (S4) shows the highest damage probabilities. 
Corresponding author: mohamed.mouhine@edu.uiz.ac.ma 
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Identification of Modal Parameters by the Random Decrement 
Method 
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Nowadays, thanks to the development of vibration sensors and calculation 
algorithms, it is possible to identify the modal properties of structures using 
operational modal analysis. To practically achieve this task, it is necessary to 
instrument the structure and to apply methods capable of dynamically characterizing 
(in situ) a structure by its vibration modes. A mode is defined by a set of three 
elements: a natural frequency, a damping and a mode shape. In this work, a two-step 
strategy is proposed in order to achieve a precise identification of two modal 
parameters namely: frequency and damping. In the first step, we developed a low 
cost portable acquisition chain to measure the response of a low height structure 
under ambient solicitations. The second step consists in decomposing the measured 
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signals using the Random Decrement Technique (RDT). We then estimate the 
frequencies and damping of the structure using two categories of techniques, namely: 
Random Decrement with filtering and Random Decrement without filtering. The 
filtering process in the latter is replaced by two different optimization algorithms. 
Finally, we compare the results obtained by all these different methods. 
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Tortuosity: a brief review 
Marly Terezinha Quadri Simões da Silva1, Marianna do Rocio Cardoso1,Caterina 

Maria Pabst Veronese1 and Wellington Mazer1 
1Federal Technological University of Paraná, DACOC-CT -Academic Department of Civil, 
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Tortuosity influences the flow transport in porous media. The attempt to more 
accurately obtain this tortuousity is the subject of several researches. Thus, mass 
transport depends on this tortuosity and porosity of the materials. Although several 
definitions can be found, this work makes a brief review on the subject. Some methods 
were mentioned to find the tortuosity. There are numerous methods for obtaining it: 
analytical, numerical and empirical. The article did not make this distinction as it is 
an overarching theme. Porosity was related in this article to tortuosity in only a few 
studied methods. Porosity data were obtained from another study and its source was 
duly cited. Comparisons of methods were made and presented in graph and table 
format. Diffusion related to tortuosity and porosity was not the focus of this article. In 
conclusion, we can see the tortuosity behavior in relation to the mentioned methods 
that, as they were not previously classified by their applicability, curves with 
approximate values but which, if we consider other parameters, give tortuosity values 
above 4. 
Corresponding author: marlytsilva@utfpr.edu.br 
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Valorisation du phosphogypse marocain en technique routière 
C. Diouri1, I. Echehbani1,  K. Lahlou1 and K. El Omari2 
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2Office Cherfien des Phospates OCPgroup, Casablanca, Maroc 

 

Le phosphogypse est un co-produit généré en quantité importante au Maroc par la 
production d’acide phosphorique à partir des roches sédimentaires phosphatées. 
Actuellement, nous explorons et validons plusieurs voies de valorisation du 
phosphogypse. La construction routière, qui consomme de grandes quantités de 
matériaux, apparaît parmi les plus prometteuses et intéressantes, aussi bien comme 
remblai, dans la couche de forme, ou dans les couches d’assise. Recycler ce co-produit 
industriel demeure une solution intéressante aux problèmes de pénurie en matériaux 
de construction, tout en s’intégrant dans une démarche d’économie circulaire. Ainsi, 
un partenariat scientifique et technique pour la mise en pratique de ce concept au 
niveau de son complexe industriel de Safi puis en 2019 au niveau de son complexe 
industriel de Jorf Lasfar a été lancé par le Groupe (OCP), leader mondial des engrais 
phosphatés. Notre objectif est de consommer le maximum de phosphogypse apparenté 
à un sable fin, par un traitement avec un correcteur granulaire en plus du ciment. 
Plusieurs structures de chaussées routières existent, mais quel type est le mieux 
adapté au recyclage du phosphogypse ?Pour répondre à cette question, nous avons 
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conduit une étude paramétrique sur trois types de chaussée : à structure mixte, à 
structure inverse, et à assise traitée au liant hydraulique, en faisant varier trois 
facteurs essentiels, à savoir la portance du sol, le trafic et le type de traitement 
apporté au phosphogypse. 
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Crack and Strength Assessment of Reinforced Concrete Cement 
Plant Blending Silo Structure 
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Cracks have occurred at the slab of a cement plant blending silo structure after the 
2004 megathrust earthquake and tsunami in Aceh Province, Indonesia. In order to 
repair and strengthen the structure, an assessment was conducted to evaluate the 
crack and remaining strength of the structure. Ultrasonic pulse velocity and hammer 
test were then performed. The site assessment results showed that the dynamic elastic 
modulus at the crack section was only 0.39 of that at the uncracked ones. Meanwhile, 
due to the cracks, the average compressive strength of concrete was reduced from 26 
MPa to 11.74 MPa. Static and dynamic analysis of the structure with the current 
building code showed that the remaining flexural capacity of the structure cannot 
withstand the applied loads, therefore a strengthening of the structure is needed. The 
combination of epoxy resin injection and CFRP wrapping was proposed for the 
retrofitting of the structure. 
Corresponding author: azzakimubarak12@gmail.com 
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Drive-by monitoring of rail-bridges: a case study 
Achraf  Zouizza1 and Malika Azmi1 

1Ecole Hassania des Travaux Publics, Département Ponts Chaussées et Transport, Casablanca, 
Morocco 

 

Indirect monitoring of bridges, based on their dynamic response recorded by sensors 
installed on a vehicle during its passage, has attracted the interest of several 
researchers, given the benefits it provides in comparison with direct monitoring, 
which consists of the installation of instruments on the bridge itself and following the 
evolution of their recordings. In indirect surveillance, we take into account that, 
during the crossing, the vehicle and the bridge vibrate and their dynamic responses 
are coupled as long as their contact remains maintained via the vehicle wheels. Thus 
the vehicle plays a dual role: it is both exciter of the bridge it passes through and 
receiver of the vibrations of the latter. Taking advantage of this dual function, several 
approaches to detect structural damage have been proposed, especially for the case of 
highway bridges. So far, nevertheless, little work has been published to assess the 
potential of indirect methods in the case of rail-bridges monitoring. The aim of this 
work is to present and compare the results of applying some of the aforementioned 
methods to a case study rail-bridge of the Moroccan network, which is the object of a 
particular surveillance by local infrastructure managers because of certain 
pathologies affecting it. Some of the challenges mentioned by the previous authors are 
illustrated and analysed, practical aspects discussed and, finally, some ways of 
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Corresponding author: achraf.zouizza@gmail.com 

O5-200 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Evaluation of the stress frequency for the rational design of 
bituminous pavements in Morocco 

M. Sarroukh1, K. Lahlou1, M. Farah1 and M. Azmi1 
1 LaGCHEC, Ecole Hassania des Travaux Publics, Casablanca, Morocco 

 

The stress frequency (SF) is a parameter that influences the design of asphalt 
pavements. Indeed, the stiffness modulus of asphalt mixes varies according to the SF 
at a given temperature. The French rational method has defined a SF of 10 Hz 
adapted to the climatic conditions in metropolitan France, where the equivalent 
temperature (θE) is 15°C. The objective of this study is to determine the frequency 
associated with the design of bituminous pavements in relation to the Moroccan 
climate, characterized by significant temperature variations, which leads to 
premature deterioration such as cracking and rutting, and causes a reduction in the 
service life of bituminous pavements. Calculations have made it possible to determine 
the design frequency of bituminous pavements for a θE of 25°C, currently used in 
Morocco. A parametric study was carried out that considered the viscoelastic 
behaviour of bitumen and, consequently, of asphalt mix and refers to the French 
pavement design model using the Alizé LCPC software, in order to evaluate the 
influence of the choice of SF on the design thickness of pavements. According to the 
study carried out, the design frequencies determined for two pavement structures 
studied are 25 and 26 Hz. The choice of a SF value of 25Hz, for example, makes it 
possible to optimize the thickness of the pavement structure to be built. 
Corresponding author: sarroukhmouncif@gmail.com 
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Modular construction opportunities and constraints in Moroccan 
market 

Mohammed Hilal 1, Hassan Jai 1 , Malika Azmi 1 And Khalid Lahlou 1 

1 LaGCHEC, Ecole Hassania des Travaux Publics Casablanca, Morocco 

 

The demand on buildings is increasing significantly all over the world, as the 
demographic evolution is knowing a significant growth, especially in third world. 
This situation requires big challenges in time construction with a great quality. The 
most classic cast in situ construction method shows a long delay in execution of the 
works, lack of quality and it is often more expensive compared to the budget 
estimated initially. When we talk about optimizing time and quality, always we 
appeal to sandarziation as a way to control the process from its beginning to the end. 
Construction 4.0, as a branch of Industry 4.0 ensures a continuty between design and 
construction. To involve this new way of building, modular construction meet these 
requirements by manufacturing a maximum components of building off-site. With the 
advantages of higher construction speed, productivity and quality control, modular 
construction has been adopted in many sectors of the building industry, such as 
residences, hotels and hospitals by several countries over the last 20 years. In this 
work the concept of construction 4.0 and the off-site approach were defined, then 
opportunities that can meet the adoption of this new way to build in moroccan market 
were exposed, and struggles that can face the integration of such solution in the 
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 construction industry were identified. 
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A pore network approach to estimate the soil water retention curve of a 

granular material 

Younes Salami 

National School of Architecture of Fès, Morocco 

 

Pore network modelling (PNM) is used to estimate the soil water retention curve 
(SWRC) of a granular soil. The ball and stick geometry is adopted, and the 
characteristics of this geometry are evaluated based on the grain size distribution of 
the medium, and its grading properties. The pore size distribution is constructed 
based on the geometrical properties of the grading, and approached by a normal 
distribution. An invasion percolation algorithm is then applied to a saturated pore 
network to mimic the desorption of the sample. When analysing the test data of sand, 
the predictions agree with the results. 
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Thickness optimization of exterior wall insulation for different climatic 
regions in Morocco 

Abderrahim Benallel1, Abdellah Mellaikhafi1 and Amine Tilioua1 
1 Department of Physics, Faculty of Sciences and Techniques Errachidia, University 

Moulay Ismail of Meknès,  Morocco. 

 

The present work focuses on the economic and environmental evaluation of a 
biosourced thermal insulation material based on date palm waste (cluster) for 
building insulation in addition, the evaluation of the studied thermal insulation 
material was compared with three conventional thermal insulations namely glass 
wool (GW), polyurethane (PU), and extruded polystyrene (XPS). Based on the degree-
day concept, the annual heating and cooling transmission loads were determined for 
six Moroccan climate zones. Then, by using a life cycle analysis, the optimal insulation 
thicknesses, energy savings and payback periods were calculated for the four 
insulation materials (Cluster, GW, PU and XPS). The results obtained in this study 
show that the optimal insulation thickness increases with the increase in the total 
number of heating and cooling degree-days, which results in an increase in cost 
savings and a reduction in the payback period. According to the city and the type of 
insulation material, the optimal thickness of insulation materials is between 0.02 and 
0.17 m. In addition, the savings are between 53.78 and 65.88 $/m² and the payback 
period is between 1.28 and 2.94 years. 
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The objective of this study is to evaluate the thermal behavior of a wall built with 
earth-based adobes and reinforced with fibers from the pennate leaves of date palm 
available in abundance in Drâa-Tafilalet region in southeast Morocco. A one-
dimensional numerical simulation was carried out to evaluate the effect of the 
thickness of the wall studied, on the heat flux and the building thermal comfort. In 
addition, several walls designed with different adobes based on different fiber content 
and thermal properties were investigated. The results of numerical simulation show a 
maximum decrease of up to 46% of the flux through the walls containing date palm 
waste fibers. The time lag of the heat flux and the decrement factor of the heat flux are 
improved ensuring good energy efficiency. 
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Towards introducing a numerical method for predicting the lifetime of 
asphalt concrete 
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5 GC2D, Limoges University, France 

 

Asphalt concrete has been considered as a composite material that comprises 
bitumen, aggregates and air voids. At meso-scale, it is specified that this material is 
consisting of coarse aggregates and mortar. It is strongly believed that the durability 
of asphalt concrete wearing course is highly related to that of mortar. Therefore, the 
mechanical characteristics of asphalt concrete could be obtained from those of 
mortar. The goal of this study is to link the lifetime of asphalt concrete to that of 
mortar using numerical finite element modeling. Numerical prediction of the number 
of cycles to true failure of asphalt concrete has been established. For different cases, 
lifetime of asphalt concrete has been determined.  The numerical calculations have 
shown significant difference in the predicted lifetime of each type of asphalt concrete. 
In addition, using modified asphalt binder has increased the durability of this 
material against loading traffic. 

Keywords: Lifetime prediction, asphalt concrete, stress analysis, heterogeneous 
generation method, numerical modelling. 
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 Expansion joints are important elements for buildings and bridges. They allow 
preventing structural disorders due to temperature fluctuations, and in many cases 
they’re used also to avoid interferences between two structures. Besides their 
functional importance, expansion joints are one of the essential elements when it 
comes to construction health monitoring, since their malfunction can be very 
revealing of structural instability. In that matter, this article will feature a model of 
an intelligent instrument developed to monitor expansion joints. The instrument was 
designed and manufactured based on IoT and intelligent programming and 
development, which allowed integrating automatic compensation of the effect of 
temperature fluctuation on the joint width, and detecting any abnormal behaviour of 
expansion joints. Thereafter, several laboratory tests were made on metallic and 
concrete coupons in order to verify the functionality and the accuracy of the 
instrument and to calibrate the system for static and dynamic measurements. 
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inspections results 
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For each policy of road maintenance, there are two methods of assessing the condition 
of a pavement, the environmental inspection which is generally based on a visual 
survey to define the various surface damages such as : Potholes, pull-outs, and cracks, 
and another physical one using new technology equipment to evaluate the 
progression of structural deterioration based on the measurements of the evenness 
and deflection of a pavement using the longitudinal profile analyzer and the 
deflectograph. In this cedi, the condition of a pavement is an essential parameter to 
evaluate the quality of the pavement at a given time and to prevent future scenarios of 
possible maintenance. In this regard, the analysis, collection and abstraction of the 
different road data base is a very complex and essential process to study. In this 
regard, and in the framework of our collaboration with the Moroccan National 
Center for Road Studies and Research, we propose in this article a study of the 
macroscopic evolution of the surface and structural condition of a flexible pavement 
by comparing the results of the inspections carried out between 2008 and 2016 with 
that which we carried out in 2018, on a length of 50 Km, starting from the kilometric 
point KP 0+080 to the kilometric point of end PK 0+130 belongs to the Moroccan 
national road number 06, connecting the city of Khemissat to Meknes. This operation 
starts with a subdivision of the study section into 1 km sections, the analysis and 
abstraction of the Road Data Base (RDB), the representation in the form of a 
deterioration matrix subdivided into four levels: A, B, C and D, with the aim of 
quantifying and classifying the deteriorations, providing an image of the state of the 
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paved surface network, identifying the equi-quality areas classified according to the 
levels of deterioration, the linear interpolation of the data, and a probabilistic 
projection of the possible future deterioration 
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Characterization of earthen construction in south-eastern Morocco 

Omar Khtou1 and Mohamed Aboussaleh1 
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The characteristic architecture in the oases of south-eastern Morocco is that of raw 
earth construction.This is done through two techniques: Rammed earth and adobe. 
This work is carried out with the aim of preserving this ancestral know-how by 
studying a construction dating back two centuries. The first step is to characterize a 
soil extracted from the remains of an old building, the grain size and plasticity of the 
soil showed that it was not very clayey and moderately plastic and that it was 
suitable for earth construction. Secondly, the study focuses on the mechanical 
resistance of blocks extracted from the remains studied; the result obtained satisfies 
all the standards. In order to characterize the durability of the rammed earth, we 
made samples of the earthen bricks with a similar soil and the study showed good 
durability of the rammed earth, the rammed earth is a material that can stand in 
time. And finally, the reusability of the earth material from old buildings has been 
studied. The results have shown that raw earth is a perfectly reusable material, which 
makes it the ideal ecological material. 

Keywords: Rammed earth; adobe; soil characteristics; mechanical characteristics. 
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Modélisation du module Réversible (Mr) des matériaux latéritiques de 
l’Afrique tropicale (Burkina Faso et Sénégal)  

KI Bibalo Ida Josiane1 , BA Makhaly1 and Coulibaly Mory1 
1 Université Ibar Der Thiam, “Laboratoire de Mécanique et Modélisation” (L2M) de 
l’Unité de Formation et de la Recherche des Sciences de l’Ingénieur (UFR SI), Thiès, 

Sénégal 

 

L’étude du comportement cyclique des matériaux a connu un grand succès avec le 
développement de l’outil informatique de plus en plus performant qui permet de 
limiter les études expérimentales coûteuses au profit des modèles numériques. Ce 
développement a suscité au sein de la communauté scientifique une exigence de plus 
en plus importante dans la précision des simulations numériques et en termes de 
temps de calcul. L’outil numérique permet de simuler le comportement du matériau en 
se basant sur des modèles de comportement plastique, viscoplastique ou 
élastoplastique. Notre étude s’accentuera sur la détermination des paramètres de 
trois modèles utilisés pour la détermination des modules Réversibles. Ces modèles 
sont ceux de Thom et Brown, Uzan et le NCHRP (National Cooperative Highway 
Research Program) du MEPDG (Mechanistic-Empirical Pavement Design Guide) qui 
sont en fonction du niveau de chargement la contrainte de confinement, la contrainte 
déviatoriques, la contrainte octaédrique et la contrainte totale. La recherche se 
déroulera sur 4 échantillons de sols graveleux latéritiques dont 2 du Burkina Faso (le 
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site de Badnogo et de Dédougou) et 2 du Sénégal (les sites de Sindia et de Lam-lam). 
Nous avons effectué des essais triaxiaux cycliques à chargement répété (TCR) suivant 
la norme européenne Nf EN-13286-7. Les essais ont été réalisés à contrainte de 
confinement variable pour calculer le Module Réversible mesuré. Les matériaux 
étudiés ont un diamètre maximal de 20 mm et un pourcentage de fines inférieur à 20 
%. Les échantillons sont compactés à trois teneurs en eau (wopm - 2%, wopm et wopm 
+ 2 %) et à une densité sèche optimale (γdopm) égale à 95% et 100%. La méthodologie 
utilisée est celle des moindres carrées et d’itération par la méthode de résolution « 
GRG non linéaire » utilisée par le moteur de calcul Solveur dans le logiciel Excel. Cela 
nous a permis de déterminer les valeurs des paramètres k1 (en kPa et > 0), k2 (sans 
unité et < 0), k3 (sans unité et > 0) des modèles numériques précités. Le module 
réversible sommaire prédit (MRSP) par le modèle du NCHRP est en moyenne égale 
377,543 MPa. Par ailleurs pour le matériau Ded/9,93/95,42 et Ded/8,16/95,39 le 
paramètre k1 augmente de 37,83% et le module MRSP augmente aussi de 39,26%. De 
plus pour Ded/8,16/95,39 et Ded/6,23/95,52 le paramètre k1 augmente de 65,77% et 
le module MRSP augmente aussi de 39,11%. Ce qui justifie que le paramètre k1 nous 
renseigne de l’effet de durcissement du matériau.  
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Elimination of Heavy metal Ni2+ from wastewater using Moroccan 
oil shale as bio sorbent 
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The process of adsorption of nickel ions by natural oil shales from deposits in the 
Tangier region in northern Morocco has been studied experimentally. Thermal 
degradation and specific surface area of OST 100 were studied by thermogravimetric 
and BET analysis, respectively, as well as characterization of OST 100 by FTIR, and 
DRX showed that the shales consisted of SiO2 which is very interesting for adsorption. 
The results of the adsorption study obtained show Ni2+ was adsorbed by 20 mg/g 
from wastewater and the elimination process is highly dependent on Physico-
chemical parameters (pH, contact time, initial concentration of the adsorbate, and the 
mass of the adsorbent). The mechanism of nickel ion adsorption was best described by 
the pseudo-second-order kinetic model and obeyed linear models of the Langmuir 
isotherms, showing adsorption is done in the area of OST 100, OST 500, and OST 950. 
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A sensitivity study was carried out on the seismic performance of 88 supports of a 
road network located in a low to moderate seismic zone. A preliminary visual 
inspection of these structures was carried out and showed the degree of advanced 
degradation that the structure had undergone during its lifetime. This visual 
inspection was completed by a set of non-destructive and destructive tests in order to 
characterize the geometric and mechanical parameters of the materials that compose 
these supports. The data collected is directly inserted into the finite element model on 
OpenSees, which describes the nonlinear fibered behavior with distributed plasticity 
of these supports. The seismic capacity is thus described through the nonlinear static 
analysis which provides the shear force curves at the base as a function of the 
displacement at the head of the pile. This curve will be idealized into a bilinear curve 
in order to integrate it into the equivalent linear system composed of both the 
supports and the elastomers that serve as seismic isolators.  The sensitivity study is 
carried out on the basis of the analysis of variance, which evaluates the part of the 
variance of the input parameters in the output responses that characterize the seismic 
behavior of these structures. The input parameters are geometric, related to the 
dimensions of the supports and the arrangement of the longitudinal and transverse 
reinforcement. They are also related to the laws of behavior of the concrete and steel 
and the axial loads that apply at the head of the supports. the output parameters are 
the deck displacement, the displacement at the head of the pier, the shear force at the 
base of the supports and the distortion of the elastomers. the outputs are obtained 
through the equivalent single degree of freedom analytical model, consisting of an 
assembly on series of the equivalent linear model of the supports and elastomers, and 
which are characterized by the equivalent stiffness’s and damping’s. The results of the 
sensitivity study allowed prioritizing the most significant parameters in the seismic 
responses for different limit states. The most significant parameters are the ratio of 
longitudinal and transverse reinforcement, followed by the diameter of the piles and 
the axial loads applied. For pile height and concrete compressive strength; these two 
parameters share the fifth and sixth position according to the performance limit 
states. 

Keywords: OpenSees, seismic performance, sensitivity, Pushover. 
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Stitched sandwich panels are known to have superior impact resistance compared to 
their weight. However, its ability to withstand repeated shocks has not been 
systematically studied. Here, we investigate the effect of the appearance of damage on 
the mechanical properties of healthy sewn sandwich panels. The initial impact load is 
varied from a relatively small intensity to a moderate intensity sufficient to cause 
significant damage to the plate. The structural response of the shock-loaded plates is 
investigated using modular analysis based on impact hammer technology as the source 
of the excitation. This study provides new insights into the behavior and structural 
flexibility of sewn sandwich panels under increasing intensity shocks. This is to highlight 
its ability to withstand the impact of a second shock. 

Corresponding Author: assouli.amina@univ-bechar.dz 

 

P5-
34 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Mathematical Modeling and Numerical Simulation of Natural 
Convection of Thermal Comfort inside the Building 

M. Saidi Hassani Alaouia,B*, M. Taibib S. Naamanea And Y. El Rhaffaric 
a Abdelmalek Essaadi University, Laboratory of Engineering Sciences and Applications 

ENSA,Al Hocima Morocco 
b Mohammed V University, Team of modelling and simulating in mechanics and 

energetic, Rabat, Morocco 
c Mohammed V University,Civil Engineering and Environment Laboratory, High School 

of Technology, Sale (ESTS), Morocco 

 

Our work consists of a numerical and mathematical study of a phenomenon of natural 
internal convection in an enclosure heated simultaneously by a constant flow, namely 
thermal comfort in winter. This study simulates the case of heat generation in a building. 
We can see that the model considered governs the equation of continuity, momentum and 
energy. These equations are written in dimensionless terms of primitive variables and 
are recast into a general form, considering the Boussinesq hypothesis. Usually, these 
equations do not admit analytical solutions, so resorting to numerical methods is 
mandatory. We have opted to use the double scan method. The control parameters are 
the numbers of Rayleigh (0< Ra <10) and of Prandtl (Pr = 0.71). Indeed, the results 
which we obtained are in perfect agreement with those obtained by other authors 
working in the same field. 

Corresponding Author: med.alaoui.fsr@gmail.com 

 

P5-
35 

 

 

 

 

 

Experimental campaign for the physical, mechanical and chemical 
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bTechnosol-Engineering Laboratory, Dakar, Senegal 

 

This article is a follow-up to the first in situ work that determined the soil lithology of 
Balterdi Village (Matam, Senegal). The second phase present of the study consists of a 
physical, mechanical and chemical characterisation of the same soil in the laboratory. 
The various samples taken from the core drilling operations were tested and analysed in 
the laboratory for their classifications and nomenclatures in accordance with standard 
NF P11-300. In addition to these geotechnical tests, chemical tests (pH, sulphate ions, 
magnesium ions, chloride ions, salinity) were carried out on the soil and on the water 
table to determine their degree of aggressiveness and thus set the level of protection of 
the foundation concretes according to the NF P18-011 standard. Chemical analysis tests 
(pH, sulphate ions, magnesium ions, ammonium ions) were also carried out on some soil 
and river water samples in accordance with EN206-1. The various results of the 
laboratory tests have revealed three distinct soil horizons: brown to reddish clay, brown 
to reddish clay and beige silty to very silty sand. The results of chemical analyses reveal 
two classes of aggressiveness: a low environmental aggressiveness for reinforced 
concrete in civil engineering structures (XA1 class) and a: high aggressiveness due to 
chlorides present in water (XS3 class). It should be noted that the site in question is a 
tidal zone subject to an overflow of water from the river.  
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Sustainable and corrosion-free bridge structures 
Abdeldjelil Belarbia, Khalad Elsayeda  and Damian Stefaniuka 

a University of Houston, Department of Civil and Environmental Engineering, Houston, 
USA 

 

More than 25% of all the highway bridges in the United States are prestressed concrete 
bridges. Most of these bridges are prestressed with carbon steel that increases the 
possibility of corrosion in concrete members. Corrosion of steel reinforcement or 
prestressing strands results in deterioration of concrete structures and is one of the 
major challenges facing bridge structures. Maintenance and rehabilitation of those 
concrete bridge elements to maintain their serviceability and safety are costly. Therefore, 
the use of non-corrosive composite materials has been increased within the last two 
decades. FRP made of glass (GFRP), carbon (CFRP), or basalt (BFRP) fibers are 
increasingly becoming an alternative material to typical construction materials with a 
broader range of civil engineering applications. In addition, stainless steel strands were 
introduced to the construction industry as another corrosion-resistant and potentially 
viable alternative to conventional steel strands in corrosive environments. However, 
while the design guidelines for carbon steel are widely recognized, the comprehensive 
design guidelines for the use of stainless steel or FRP materials in structural applications 
still need to be addressed to consider their different properties.The main difference 
between carbon steel and CFRP or stainless steel strands is their stress-stress 
relationship. The minimum guaranteed elongation of the carbon steel strands is 2.5 times 
greater than that of the stainless steel strands. Therefore, the assessment of the concrete 
beams prestressed with stainless steel or CFRP strands is an essential topic. Moreover, 
the parameters that affect the design of concrete members prestressed with stainless steel 
or CFRP strands which have not been extensively studied, should be identified. 
Furthermore, the validation of different predictive models with the experimental results 
must be investigated in terms of durability, axial, shear, and flexural behavior. This 
paper presents the database for beams prestressed with composite materials such as 
CFRP and HSSS strands or reinforced with auxiliary FRP rebars. It includes the study of 
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stress limits for design, such as: jacking stress, stress prior to and after the transfer, and 
effective stress after losses. Relaxation and creep rupture prestress losses for CFRP bars 
and cables are also presented. The differences are shown based on the experimental data 
as well as analytical and numerical analyses. Results show that both CFRP systems and 
stainless steel strands present some similar features related to material properties and 
design issues, but they differ from conventional steel. Flexural members may have less 
ductility when CFRP or stainless steel strands are used. The reduced strength of stainless 
steel compared to carbon steel would reduce the jacking stress for stainless steel strands, 
resulting in a gross reduction in the initial prestress force provided by stainless steel 
strands. 
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On the modeling of dynamic behavior of orthotropic composite plates 
using a simple nth-HSDT 

Klouche Djedid Ibrahima, Kharroubi Lamiaa And Bouferra Rachidb 
a University of tiaret, Département de Génie Civil, Laboratoire Matériaux et Structures, 

Tiaret, Algeria 
bUniversité CADI Ayad, Faculté des sciences et technologies, Marrakech Maroc 

 

In the present paper, a simple refined nth-higher-order shear deformation theory using 
undetermined integral terms in the displacement field is applied to develop the analytical 
solution for the free vibration analysis of orthotropic composite plates. The present 
theory has only four unknowns and four governing equations, satisfies the shear stress 
free condition at top and bottom surface of the plates without using shear correction 
factors. Governing equations of motion are derived from the Hamilton’s principle. A 
closed form solution for simply supported boundary conditions is obtained by employing 
a double trigonometric series technique developed by Navier. The numerical results of 
natural frequencies obtained by using the present theory are presented and compared 
with those of the classical plate theory (CPT), first-order shear deformation plate theory 
(FSDT) and other higher-order shear deformation plate theories (HSDTs) available in 
the literature to demonstrate the validity of the theory. It can be concluded that the 
present refined theory is accurate and efficient in predicting the natural frequencies of 
orthotropic composite plates.  

Keywords: Nth-higher-order theory; Free vibration; Laminated composite; Hamilton’s 
principle. 
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As the construction sector is evolving, it is shifting towards precast elements assembled 
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on site, which results in rapid construction i.e. minimizing inconveniences and increasing 
safety and quality of construction. Prefabricated concrete elements are manufactured off 
sites in controlled environment, then transported to site and rapidly assembled by 
connecting them using field cast grouts. Grouted dowel connections are widely used for 
connecting various precast concrete elements, for instance in precast wall construction 
and bridge bent cap systems, owing to their simple construction. Bond performance of 
the field cast grout and the strategies to improve them were studied based on the data 
collected from available literatures. Current design guidelines consider such connections 
through a bar-in-concrete treatment; do not adequately consider the composite nature of 
such grout connection. Moreover, robust numerical models for these connections are yet 
to be developed. Therefore, a finite element model of grouted dowel connections and bar 
in concrete was compared in this paper. The model was validated using experimental 
results on grouted connections, as well as data retrieved from the literature. Excellent 
agreement between experimental and numerical results was observed. From the study, it 
is found that bond strength of grout in connections is about 21.6% more than that of bar 
in concrete. The slip observed in grouted specimen reduces due to the confinement 
provided by the grout. 

Keywords: Bond, Precast concrete, grout, dowel connections.  
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Performance of Axially Loaded Square RC Columns with 
Single/Double Confinement Layers and Strengthened with C-FRP 

Wrapping under Close-in Blast 
S. M. Anas1, M. Shariq1 and M. Alam1 

1Jamia Millia Islamia, Department of Civil Engineering, New Delhi, India 

 

Very recently a new variant of reinforced concrete (RC) columns confined with double 
layer of transverse steel has been introduced by researchers and investigated its 
performance under axial compression and seismic lateral loading. Analysis of blast 
performance of such columns is of considerable interest. Most of the columns in a 
building structure are found to be of square or rectangular cross-section. Being 
axisymmetric, the circular columns perform better than square/rectangular ones under 
extreme loadings. The stability of a structure supported mainly on columns subjected to 
such loadings depends upon the performance of the columns. Therefore, it is important to 
enhance the response of supporting RC compression members of square or rectangular 
cross-section of a structure subjected to high intense loadings. In this research work, one 
3000mm long, 300mm x 300mm square RC column with conventional transverse steel 
carrying an axial load of 950kN subjected to 100kg ANFO (82kg-TNT equivalent) close-
in blast loading at scaled distance 1.0m/kg1/3 tested experimentally has been first 
analyzed using a high-fidelity commercial FEM-based computer program, 
ABAQUS/CAE version 6.14 provided with concrete-damaged plasticity (CDP) model. For 
comparison, another singly confined concrete column with seismic reinforcement over its 
entire length is also analyzed. The results found from the blast analysis are compared to 
the experimental ones from the literature. To improve the response, doubly confined RC 
columns having outer transverse confining steel stirrups of square and inner ones’ 
diamond/circular geometry with different combinations of stirrup spacing have been 
considered and investigated. The columns are of the same area of compression steel and 
carrying the same axial compressive load (950kN). Blast performance in terms of 
maximum permanent displacement, damage dissipation energy, maximum principal 
stresses, concrete crushing, and cracking are compared and discussed. More 
compression damage in the form of crushing of concrete near the top than at the bottom 
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on the explosion face has been observed, while concrete cracking occurs on the remote 
face over the mid-height level of the column. Two layers of confining stirrups with 75mm 
spacing with inner circular stirrup significantly reduce the concrete crushing/cracking 
and excel the blast performance of the column. Carbon fiber reinforced polymer (C-FRP) 
wrapping of 2mm thickness is also considered and modeled using the ABAQUS Hashin’s 
damage criteria to investigate the blast resistance of the columns. Application of the 
wrapping further improves the blast performance of the columns. 
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Ship design and Prediction of slamming characteristics: Effect of 
Impact Velocity on the Mechanical Behaviour of a Composite Plate 

Salwa EL Garouge 1,2, Mostapha Tarfaoui 3, Omar Hashim Hassoon 4, Hassan ELMinor 
1, Amine Bendarma2 

1 ENSA Agadir, MMGC, Agadir, Maroc. 
2 Polytechnique Agadir, MEER, Universiapolis Bab Al Madina, Agadir, Maroc. 

3 ENSTA Bretagne, IRDL UMR CNRS 6027, Brest Cedex 9, France. 

4 University of Technology, Bagdad, Iraq 

 

Lately, the use of composite materials has been very widespread in several fields such as 
naval, aeronautics, automotive…, for their very innovative and performing mechanical 
properties. The naval sector for example, remains a large field of investigation for 
composites, specifically to deal with complex hydrodynamic impacts such as slamming. 
This impact occurs when the lower part of a ship suddenly hits the surface of the sea; it’s 
therefore necessary to develop models that reproduce this phenomenon in order to be 
able to determine with the most accuracy, the hydrodynamic loads undergone by naval 
structures. In order to optimize those structures and avoid damage due to the pressures 
and forces generated during slamming, this impact was modelled using a glass/ epoxy 
composite panel with a thickness of 8mm, inclined at an angle of 10° and impacting the 
water surface at different velocities (4m/s, 6m/s, 8m/s, 10m/s). This study was done on 
the finite element calculation code Abaqus, using the Coupled Eulerian-Lagrangian 
method, that has been developed and widely used ever since, to overcome the difficulties 
concerning large deformation in finite elements simulations and makes it possible to 
avoid the distortions of mesh which can have a great influence on the results. Several 
studies were carried out to determine the effect of the impact velocity on the 
hydrodynamic force, the deformation and pressure. The results show that there is, 
indeed, a big influence of the impact velocity on the mechanical properties, and more that 
velocity increases the deformation and the hydrodynamic force increase too and the jet 
flow becomes very important. This study make it possible to create more efficient 
composite structures, in order to develop ships able to face very hostile environments and 
avoid the generation and evolution of slamming impact consequences such as damage. 
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The traditional drill and blasting technique for the demolition of buildings, structures, 
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and foundations have become a safety issue due to the use of explosives and the possible 
damage to adjacent buildings. The application of the diamond wire cutting method can 
reduce the safety risk for not using explosives and the systematic approach of the 
diamond wire sawing controls the demolition of a building or the establishment of 
foundations for buildings or structures. The diamond wire saw uses diamonds beads, 
embedded in a tungsten mold with a diameter of eleven millimeters and eleven 
millimeters wide and crimped onto a rubber-lined five-millimeter steel cable twenty-five 
millimeters apart on the steel wire, to saw any type of material or rocks, i.e. from soft 
soil to steel. In solid structures, pilot holes are required to initiate the sawing operation 
and in the demolition of structures, the diamond wire is wound around the perimeters of 
the structure and then cut on a retreating method. The diamond wire sawing is based on 
a closed-loop principle, i.e. the diamond wire is guided by reflecting pulleys to maintain 
the required sawing route. The diamond wire saw cutting motor sizes vary from five to 
55 kilowatts and the sawing speed varies from 15 to 42 metres/second. The diamond 
wire saw works on a retreat basis, meaning that the wire is under tension all the time in 
the sawing operation and the access wire is stored on a take-up pulley in the diamond 
wire saw machine. The diamond wire sawing was tested on the cutting of a solid 
pyroxenite rock (180Mpa) with a dimension of six (wide) by six (long) by two (height) 
metres block. Pilot holes one metre apart horizontally and 0,5 metres vertically apart, 
and six metres long, were drilled into the block. The diamond wire is strung through the 
pilot holes and guided by reflecting pulleys were installed to direct the diamond wire in 
the required direction.  The cutting speed was 18 m² per hour and the diamond wire life 
which is the most expensive part of the operation was 400 m² for a 40 metre long 11-
millimeter thick diamond wire. The columns were removed by using hydraulic jacks to 
push the sawed columns out of the block and secondary sawing was used to break the 
blocks into smaller blocks that can be mechanically loaded and transported. The planned 
job size and period are normally short and the capital cost of the diamond wire saw and 
its accessories are high and the trend is to use contractors to do the job. The application 
of the diamond sawing technique is simple to operate and eliminates the use of explosives 
in the building or demolition of buildings or structures. 
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Effect of Duct Type, Size, and Embedment on Bond Behaviour of Post-
Tensioned Mono-Strand Concrete Members 

Houssam Kobrosli1, Oussama Baalbaki1, Ali Jahami1, Zaher Abou Saleh2, Jamal Khatib1, 
Mohammed Sonebi3 

1Faculty of Engineering, Beirut Arab University, Beirut, Lebanon 
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3School of Natural and Built Environment, Queens University of Belfast, Belfast, UK 

 

This research investigated the bond behaviour of mono-strand post tension systems with 
different duct types, sizes, and embedment length. Six specimens were considered in this 
study. Two different types of ducts were considered: plastic ducts and galvanic ducts. 
Two different duct sizes (9 cm x 4.2 cm and 6 cm x 2.4 cm), and embedment lengths (5 cm 
and 10 cm) for each duct type were considered in this study. Results showed that 
specimens with galvanic ducts had stronger bond than those with plastic ducts. In 
addition, it was found that extending the embedment length of the galvanic ducts form 5 
cm to 10 cm improved the bond strength which was not the case for plastic ducts where 
the effect was null. Furthermore, specimens with galvanic ducts had greater bond 
strength when duct size was increased than those with plastic ducts. 
Corresponding Author: a.jahmi@bau.edu.lb
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The impact of erosion on the water resources of the El Mansour 
Eddahbi dam watershed (OUARZAZAT) 

Abdel azym OUSSEMOU a, Hassan MHARZIa, Ahmed AIT ERROUHIa 
a Laboratory of Advanced Systems Engineering, Ecole Nationale des Sciences Appliquées 

Kenitra, Ibn Tofail University, Morocco. 

 

Water erosion is the major source of soil degradation in semi-arid and arid regions. This 
phenomenon, which is detrimental to the water and soil resources of Moroccan 
watersheds, depends on a multiplicity of interacting factors. The complexity of its 
modeling requires large reference data sets. The case of the El Mansour Eddahbi dam 
watershed is one of the examples that suffer from this phenomenon. It covers a total area 
of about 15,000 km2 and adjoins in its northern part the reliefs of the High Atlas. This 
limit starts from the vicinity of Jbel Toubkal located in the northeast of the basin and 
follows a line oriented west-east to Jbel Isseltene, passing by Jbel M'Goun located in the 
north, in the central part of the basin. To the east, the limits of the basin correspond to 
the basin of Todgha and Rhris, to the west, to that of Souss. In the south, the area borders 
the middle valley of the Draa. The objective of this study is the quantification of water 
erosion of El Mansour Eddahbi dam watershed by integrating the universal soil loss 
equation (USLE) in the Geographic Information System (GIS). To meet this objective, 
several points are to be addressed:  

• Analysis of the biophysical environment of the watershed;  

• Analysis of the erosion problems in the watershed;  

• Study of the water resources.  

Thus, the analysis of the different erosion factors that form the equation (USLE), and the 
establishment of the corresponding thematic maps with the help of Geographic 
Information System (GIS) will allow an efficient understanding of the contribution of 
each factor in the soil loss. The GIS allows the integration of the USLE equation formulas, 
which facilitates the identification and prioritization of the sub-basins that constitute the 
main sources of sediment and flooding, and the identification of areas vulnerable to soil 
loss.  

Keywords: Water erosion, Watershed, USLE, GIS, El Mansour Eddahbi 
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This work is motivated by the growth of installed wind power worldwide and the 
determination of researchers to develop their integration into the grid. To have a 
maximum converted power, the turbine velocity must be adapted to the wind speed. This 
is a challenge for manufacturers and researchers who face difficulties with the design of 
powerful and reliable point-of-operation monitoring devices at maximum power. This 
paper is part of optimization and control of a offshore wind turbine chain using a 
horizontal axis wind turbine, based on a dual feed induction machine. The principal 
objective is to develop a method that allows the extraction of a maximum power during 
the operation of the offshore wind turbine and improve it to provide the grid with a 
constant power.  The results obtained in this work show the relevance of energy transfer 
optimization for offshore wind turbines. 
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Hydrogeological study of the Maâmora’s Groundwater using 
Geographic Information System 
Majda Bouardaa* and  Lahmili Abdelaziza 

a Mohammadia Engineering School, Mohammed V University, Laboratory of Applied Geophysics, 
Geotechnics, Engineering Geology and Environment (L3GIE),  Rabat, Morocco 

 

In Morocco, groundwater is an important part of the hydraulic heritage of the country. 
The Maâmora’s Groundwater extends over an area of 1800 km² that lies below the 
plateau of the Maâmora. Its natural limits are constituted in the South by the outcrops of 
the Miocene marls, in the West by the Atlantic Ocean, the wadi Beht in the East and 
delimited in the North by a line of load at the level of which it is subdivided into a less 
important and little exploited groundwater and a more important deep groundwater 
constituting the main aquifer system of the plain of Gharb. The objective of this work is 
to study the Maamora’s groundwater by analyzing the hydrogeological and 
geological data including piezometry, hydrogeochemistry, topography and 
lithology to better understand the soil-water interaction, Also raising the 
problems posed by the presence of groundwater in this area to better know how 
water gets into the ground, how it flows in the subsurface and how groundwater 
interacts with the surrounding soil and rock. The development of geographic 
databases and the use of geographic information systems will allow us to analyze 
the aquifer system of the Maamora and establish explanatory maps of the 
groundwater dynamics. 
Corresponding Author: majdabouarda@research.emi.ac.ma 
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Building Information Modelling (BIM) Approach in Architecture, 
Engineering and Construction for Luxury Villa Building in Guwahati, 

India – A Case Study 
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In the Architecture, engineering and construction (AEC) sector, the Building Information 
Modelling (BIM) based construction is identified as the solution of fastback delivery of 
projects. It has also been proved with BIM, leads to good visualization of the project, 
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significant amounts of project cost can be reduced, quality construction can be done, and 
BIM also helps in post construction with facility management increasing the life of the 
building throughout whole life cycle of the project. Although several research is also 
going on integrating BIM with Internet of Things (IoT), visualization of the model with 
Virtual Reality (VR), simplification of BIM models with IOT and machine learning 
techniques. With these developments the various construction participants in western 
countries have increased their stakes in BIM with making it mandatory in new 
construction projects and using the benefits of BIM. However, in India being the 2nd 

largest fastest growing economy and seventh largest country in terms of land having 
huge construction projects going on, in last decade haven't put much stake in BIM, just 
for the sake of the name, the BIM is applied while majority of the construction works are 
handled by the same conventional method. In this context, this paper attempts to apply 
BIM approach in AEC sector to build a 5BHK luxury Villa through a case study which 
may pave a way for Indian construction industry, the implementation of BIM 
integrating all the domains AEC sector up to 7 Dimensions (7D) with facade 
optimization. This study becomes unique because of its focus on a luxury villa which 
makes it suitable realtors and residential sectors, as more than 50% of the construction 
in India are on residential projects. With many papers focusing on particular domains 
(only one or two), and for large projects other than residential projects. Based on case 
study, conclude that the BIM is an intelligent 3D model-based process that gives 
architecture, engineering, and construction (AEC) professionals the insight and tools to 
more efficiently plan, design, construct, and manage buildings and infrastructure. 

Keywords: Building Information Modelling (BIM); AEC Sector, Residential Project; 
Cost; Time and Façade Optimization 
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Transformation of a container into an energy efficient and 
sustainable building 
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Raja ZMEMLAb 
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Le présent travail s’inscrit dans le cadre d’un projet d’Eco aménagement d’un conteneur 
délaissé à une salle de travaux pratiques équipée par des bancs d’essais thermiques et 
acoustiques. La finalité de cette étude propose de mettre en lumière l’aménagement d’un 
conteneur délaissé à une construction intelligente, verte et durable. Ce manuscrit 
comprend les quatre premières étapes de ce projet. Tout d’abord une justification du 
choix de l’orientation du conteneur est présentée ; par la suite on présente une 
description détaillée des travaux de terrassement ainsi que le choix de la fondation de 
conteneur et enfin on a établi une étude comparative entre plusieurs variantes pour 
l’isolation thermique et l’habillage du conteneur. L’optimisation du matériau d’habillage 
est bien adaptée au climat de notre région. Le conteneur est doté d’une isolation 
thermique sous la réaction des potentiels importants de la température et du vent. Les 
résultats de simulation de différentes variantes étudiées ont permis de réduire la perte 
d’énergie et favoriser les déperditions solaires d’été et de déphaser les variations de 
température. A travers ce projet on préconise la recherche de processus d'habitat et 
d'aménagement incluant une vision plus large de développement durable qui passe par 
une prise en compte non seulement de la dimension économique, mais également des 
dimensions environnementale.  
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Physical and chemical characterization of sandstone-marl flysch at 
the Martil dam in the city of Tetouan for possible consolidation 

Siham Belhaja, Omaima Essaad Belhajb, Hamid Bouakhalb 
a National School of architecture of Marrakech, LGCE, Marrakech, Morocco 

bAbdelmalek Essaâdi, Department, RSN, Tetouan, Morocco 

 

This work aims to study the construction area of the Martil Dam located on the wadi 
MHAJRAT one of the tributaries of wadi MARTIL, 12 km in a direct line to the S-SW of 
the city of Tetouan and 2 km in a straight line. of the national road P28 which connects 
Tetouan to Chaouene and very precisely we will study the foundation known by its 
fragility and constituted by sandstone-marly flysch, Cretaceous and Oligocene which 
belong to the cart layers of the Rif chain, these flysch and by the movements known on 
the scale of the region have undergone an intense deformation, which resulted in folding 
and fracturing, moreover the monotony of the sedimentary sequences, with alternation 
of a thousand sheets of sandstone and argillites for the Bni Idder unit or with a 
predominance of argillites for that of Tangier, deprive these formations of stratigraphic 
benchmarks. The characterization of these formations was done through geological 
surveys, excavations, and laboratory tests such as the Atterberg limits, 15 core holes at 
the main dam site, accompanied by systematic water tests and localized injection tests, 
totaling a linear distance of 1090 M. their depth varied between 50 and 80 m, 10 core 
drill holes at the site of the pass dyke, 20 m deep, with water tests, totaling a linear 200m 
long, 6 reconnaissance galleries, two of which correspond to old galleries (1980) taken 
over and extended, RQD, Permeability tests. 
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Stability study of a 3D printed and ecological dome The case study: 
TECLA WASP house 

Hanane Es-sebytya, Mohammed Igouzalb 
a Ibn tofail university, physical department, Electronic systems, Information processing, 

Mechanic and Energetic laboratory, kenitra, Morocco 
b Ibn tofail university, physical department, Electronic systems, Information processing, 

Mechanic and Energetic laboratory, kenitra, Morocco 

 

The safety and environmental impact of the structure take great preoccupations to 
researchers today, with technology transfer using 3D printing. This is the case with Tecla 
house printed with ecological materials in the form of domes. Therefore, in our study, we 
are working on a method to improve the stability of the Tecla 3D printer house using 
natural columns and beams made with bamboo were linked in nodes based on natural 
materials on the fom like Kiewitt-Ribbed Hybrid Domes and geodesic single-layer 
latticed domes to avoid the collapse problem of the structure. In this study, we analyze 
the stability of natural domes printed in 3D with and without reinforcement using the 
SAP 2000 software modelization and the Pushover method when we can compare their 
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stability before and after in order to obtain a safe, an ecological and beautiful design.  

Keywords:Stability study, domes, ecological, 3D printed, design, with reinforcement, 
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Causes of Delay in Construction Projects: A Literature Review 
Ahmad Alothmana, Sathvik Sa , Moteb Mareib , L. Krishnaraja 

aDepartment of Civil Engineering, Faculty of Engineering and Technology, SRM Institute 
of Science and Technology, Kattankulathur – 603203, Tamil Nadu, India. 

bDepartment of Construction Engineering and Management, Aleppo University, Aleppo, 
Syria. 

 

Delivering projects on time are the most important objective in project management. The 
delay in the project submission has a negative reversal on the contract, which affects 
costly factors like labor, equipment, and project financing. In general, this phenomenon 
and its sources will be confined to the consultant, owner, and contractor, in addition to 
others who are involved in the project (Stakeholders). The topic of delay has drawn 
many researcher's attention, as they have covered it with several studies and researches, 
the majority of researches emphasized on the main sources for the construction projects’ 
delay and its impact. These reasons are commonly either the orders for change in 
projects or the poor performance of the contractor. This paper will present 20 studies 
around the world that surveyed delay factors in construction projects. Most of the studies 
adopted the questionnaire method to analyze responses using the “Importance Index, 
Frequency Index, Relative Importance Index, Average Weighted, Standard Deviation, 
and Variance". The ten (10) remarkable reasons that delay the construction projects have 
been chosen, although reasons for the delay were similar in most of the researches, 
however, the ranking of causes among division groups presented by the researchers was 
different. The research gap has been identified, furthermore, future direction and 
recommendations have been given to diminish and control the retardation in the 
construction projects work. 
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Earth Construction: A comprehensive experimental approach to 
better select, prepare, and implement earth-based materials 

A. Koutous a 
a Hassan II Institute of Agronomy and Veterinary Medicine, Rabat, Morocco. 

 

There are many earth construction methods such as adobe, compressed earth blocks 
(CEB) and rammed earth. For each construction method, there is a suitable earth (soil) to 
look for. This suitability depends mainly on the grain-size and plasticity proprieties of 
the earth to be used. These characteristics can be modified by adding or eliminating the 
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coarse-grained fraction (sand and gravel) from the selected raw earth. This poster 
presents a proposed comprehensive experimental approach to better select, prepare and 
implement earth-based materials. This experimental approach can be used to verify the 
suitability of a given raw earth for a specific construction method. It can also be used to 
determine the most appropriate construction method to be applied to the available raw 
earth material. Additives such as cement, lime, and plant fibers, should be used only 
when the performances of the material regarding thermal, mechanical and durability 
characteristics are not sufficient compared to the targeted requirements. As for the 
preparation of the selected earth-based materials, several compaction tests are to be 
carried out in order to determine the optimum compaction moisture content and the 
maximum dry density of the material mix, stabilized or not, retained to be used for earth 
construction. The compaction methods must be as similar as possible to the construction 
method to be applied. Thus, the Proctor test procedures can be adopted in the case of 
rammed earth. Then, mechanical, thermal, and durability tests are performed on dry 
specimens produced in accordance with the results of the compaction tests.  The purpose 
of these tests is to compare the performances of the developed material to the targeted 
requirements (dry density, compressive strength, thermal conductivity, etc.). If the 
material characteristics complies with the requirements, a prototype of the structure to 
be built should be conducted under field conditions, before starting the construction. If 
not, the tested material must be stabilized or replaced. 

Keywords: Earth construction, Suitability, Rammed earth, Adobe, Compressed earth 
blocks. 
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Regulatory framework for the valuation of dredged sediments as 
construction materials in Morocco 

Rabouli.M.1, Bortali.M.2, Ait Errouhi.A.1, Yessari M.2, Zejli.D.1, Hajjaji.A.2 
1 Ibn Tofail University, National School of Applied Science Kenitra, 

Advanced Systems Engineering Laboratory, Morocco 
2 Chouaib Doukkali University, National School of Applied Science El Jadida, 

Engineering Science Loboratory for Energy, Morocco 

 

Dredging operations in Moroccan ports generate significant sediment volumes in order 
to maintain navigable access. Considered in the current context as waste, these 
sediments are generally submerged offshore in their raw state, which constitutes a major 
problem for port managers due to their environmental impacts. It now appears 
necessary to find potential solutions for the sustainable treatment and valuation of 
dredged sediments instead of their offshore dumping. This recovery approach will also 
constitute a new supply source of materials necessary in the field of civil engineering, 
making it possible to reduce the rapidly increased pressure on traditional natural 
resources extracted mainly from quarries. Valuation of dredged sediments in civil 
engineering as a component of construction materials requires an in-depth 
characterization of the sediments in order to know their physicochemical, mineralogical 
and environmental properties. This characterization is essential in the feasibility study 
and in the orientation of the possible recovery channels. The present research work will 
fit perfectly into a sustainable development approach and the adoption of the circular 
economy as a consumption model. Morocco's commitment to such an approach will 
make it possible to respond to environmental, economic and social issues.  However, 
promoting this recovery approach requires developing and adapting the current 
regulatory arsenal, or even designing new regulatory texts, in particular with regard to 
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the components relating to the characterization of sediments, the modalities for issuing 
authorizations for sediments dumping and also the valuation and marketing of 
sediments. The development of the regulatory arsenal will also make it possible to 
comply more closely with ratified international conventions and to lay the foundations 
for the development of a promising economic sector. The work carried out consists of: (i) 
identifying the regulatory and legislative texts governing the dredging operations in 
Morocco, the management of dredged sediments, their valuation as construction 
materials and their impact on the environment; (ii) analysing the important aspects and 
the development axis related to each text and (iii) proposing recommendations to 
minimize the harmful impacts of dredging operations on the environment and allow the 
valuation, in civil engineering, of the sediments resulting from these operations.  

Keywords: Dredging operations, valuation of dredged sediments, materials, civil 
engineering, roads, concrete, bricks, aggregates, paving, construction materials, 
characterization, sustainable development. 
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Optimization study of biogas production from vegetable and fruit 
waste from neighborhood markets 

Sara Rhandouriate1, 2, Mohamed Tahiri 2, Youssef Naimi1 

1 Hassan II University, Faculty of Sciences Ben M’Sik, Hassan II University, Laboratory 
of Physical Chemistry and Materials (LCPM), - Casablanca, Maroc 

2 Hassan II University, Faculty of Sciences Ain Chock, Hassan II University, Laboratory 
of Organic Synthesis, Extraction and Valorization (SOEV), Casablanca, Maroc 

 

During the last few decades, the waste production in Morocco has increased considerably 
with the demographic growth and economic and social development of the country. This 
situation has made the collection and disposal of waste from neighborhood markets 
more acute. This waste is often disposed of in landfills or waterways without any control 
or treatment, which causes impacts on public health and the environment of our country.   
The city of Casablanca has an enormous potential in organic waste, the exploitation of 
this organic waste as an energy resource indeed has many advantages on the 
environmental level: the production of biogas by anaerobic digestion is a way to valorize 
organic waste and therefore avoid pollution and nuisances on our environment with a 
significant reduction in CO2 and CH4 emissions. Anaerobic digestion is a process that 
allows organic matter to be decomposed by microorganisms in a closed environment 
poor in oxygen, on a mesophilic or thermophilic conditions for the purpose of producing 
a large quantity of biogas (CH4, CO2) which is a source renewable energy that could be 
used for power generation. This study focuses, mainly, on the Neighborhood market visit 
to see the state of the potential of vegetable and fruit waste from the markets of the Sidi 
Othman neighborhoods in Casablanca and also See the incoming quantities of the MP, 
the outgoing quantities of waste produce (peelings + putrescible….) to simulate the 
quantity of Biogas production from literary.Generally the addition of a co-substrate is 
necessary to increase the C/N ratio which plays a very important role for the 
development of bacteria, the latter being responsible for the production of methane CH4. 
In general, it is part of a research dynamic to find alternative solutions to fossil fuels, 
and we mainly studied the anaerobic metabolism of waste from local markets with a 
production of 1500 m3 of biogas per day, and a predicted yield of methane between 68 
and 70%, as well as a predicted yield of hydrogen sulphide of 10%. 
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Valorization of the extracts of Crocus Sativus L waste as cost-effective 
and environmentally friendly inhibitors of scaling in industrial and 

irrigation equipment: Experimental and computational study 
Mohamed El houssea, Abdallah Hadfia, Ilham Karmala, Brahim EL Ibrahimi b, Said Ben-

aazzaa, Mohamed Erramib, M’barekBelattara, Said Mohareba and Ali Driouichea 
a Process Engineering Laboratory, Team ‘‘Materials and Physico-Chemistry of Water”, 

Faculty of Sciences, Ibn Zohr University, Agadir, Morocco 

b Team of Physical Chemistry and Environment, Faculty of Sciences, Ibn Zohr University, 
Agadir, Morocco 

 

In industry, scaling is frequently the cause of many technical problems. Among them, 
corrosion of metal pipes, reduction of heat transfer efficiency in cooling water circulation 
systems and in boilers, and clogging of reverse osmosis membranes. The use of plant 
extracts as new green inhibitors of scaling and the valorization of biomass are among 
the most innovative research topics. In this context, the Crocus Sativus L (CSL) waste 
extracts, namely the aqueous leaf extract (ALE) and the aqueous petal and stamen 
extract (AEPS), are investigated as a new inhibitor towards the calcareous formation. 
Both Folin-Ciocalteau and colorimetric methods are used to estimate the contents of total 
polyphenols and flavonoids, respectively. Then, the anti-scaling properties of the studied 
extracts are determined using a conductivity test and the LCGE (Laboratory of 
Chemistry and Genie of the Environment) technique at a temperature of 25 °C. Then, 
scanning electron microscopy (SEM), X-ray diffraction (XRD) and Fourier transform 
infrared spectroscopy (FTIR) analyses are used to examine the scale formed during the 
LCGE tests.To further support the experimental findings, molecular dynamics (MD) 
simulations and density functional theory (DFT) calculations are carried out. The data 
obtained revealed that the CSL waste extracts have a higher concentration of total 
polyphenol and flavonoids. The total inhibition occurs after the addition of 60 mg L-1 of 
AEPS to the calco-carbonic solution with a hardness of 40°F. While 82 mg L-1 of ALE 
was the optimal concentration to completely inhibit CaCO3 formation.SEM, XRD, and 
FTIR analyses demonstrate that CaCO3 crystallization in the absence of inhibitor was a 
stable variety of calcite with a rhombohedral form. However, the presence of a very low 
concentration of AEPS (20 mg L-1) resulted in a significant modification of the CaCO3 
morphology and a mixture of vaterite with calcite phases.The theoretical outcomes are in 
line with the experimentally reported anti-scaling efficiencies.With these results, CSL 
biomass could be an interesting renewable source of environmentally friendly and low-
cost scaling inhibitors. 
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Characterization of clay materials from Jbel Lahbib (Tetouan) deposit 
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2Laboratoire des Sciences Appliquées et Didactique, Ecole Normale Supérieure, 
Université Abdelmalek Essaadi, Tétouan-Maroc. 

 

Clay is an abundant raw material with a wide range of properties and applications. Due 
to their useful properties and characteristics clays are a family of materials that are 



207

CMSS 2021: International Congress on Materials & Structural Stability 
Eco-Friendly Sustainable and Energy Efficient Materials & Constructions 

 

Rabat, Morocco, 24-26 November 2021 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

omnipresent in our daily lives and also in our environment.By means of their physical 
and chemical properties, clays can be used for different applications. In addition to the 
elaboration of polymeric materials, cosmetics or medicine, they are also used, for 
example, in the manufacture of construction materials, specifically those rich in SiO2 and 
Al2O3, which are experiencing a new rise in the construction sector. The search for non-
energy consuming, resistant and less expensive construction products is nowadays a 
worldwide concern due to limited resources (energy, financial...), and locally available 
materials of natural origin (wood, earth, clay...) are therefore experiencing a renewed 
interest. Their knowledge for an efficient use in construction is essential. The interest 
shown in recent years in the study of clays by many laboratories around the world is 
justified by their abundance in nature, their low cost and efficient use in the construction 
area. The clays are sustainable materials that can replace the commercial ones with 
similar results.Therefore, thisworkaims the characterization of clays available in large 
quantities in the region of Tetouan located at the north of Morocco. The raw clay 
sampled in Jbel Lahbib (Tetouan) was characterized by different chemical analysis such 
as X-ray diffraction (XRD), Fourier Transform Infrared Spectroscopy (FTIR), as well as 
the measurement of surface charge by the zeta potential and scanning electron 
microscopy (SEM). Raw and modified clays, consisting essentially of silica and alumina, 
which are a characteristic property of phyllosilicates, it contains an important amounts 
of non-swelling clays as illite and kaolinite. The major associated minerals are quartz 
and calcite. The thermal analysis showed that the total weight loss is approximately 
20.85%.The cation exchange capacity (CEC) of the clay is about 39meq/100g and its 
specific surface area is68.45m2g-1. The zeta potential is about 31.45 mV at pH 6,in 
accordance with the presence of a high density of negative charge on the surface. This 
study allowed us to build a database with different properties of the clay from Jbel 
Lahbibdeposit which will be tested in the manufacture of ceramic tiles 

Keywords: Clay, Kaolinite, Illite, characterization 
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Thermal behaviour of buildings using phase change materials 
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 New technologies have been developed to perform the energy efficiency, especially in the 
construction sector which is the big consumer of primary energy worldwide. Several 
solutions were studied aiming the use of renewable energy sources as the solar one. Phase 
change materials (PCM) have been used and developed for this purpose using the thermal 
energy storage by latent heat, because they have the ability to perform a storing-
destocking cycle done by storing the excess of solar energy during the day and releasing 
it at night allowing cooling and heating insides passively. And consequently reducing the 
energy demand into buildings through there integration into different construction 
materials. The aim of this communication is the evaluation of the thermal behaviour of 
building’s envelope incorporated with phase change materials. A typical office test room 
was selected to perform a thermal dynamic simulation using the difference finite method 
by Design Builder Software (Energyplus). The test room was studied with and without a 
PCM mortar applied in the inside and outside of the building in west Moroccan climate. 
Results showing the difference of temperature fluctuations and the cooling and heating 
load have been compared and analyzed for each case studied during one year period. 
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These results demonstrated that the integration of PCM in building envelope can reduce 
the interior temperature by 2°C allowing a reduction of the energy demand for cooling 
and heating insides by 10% if used in the inside and by 1% if used in the outside.  
Conclusively the use of phase change materials in buildings can control the interior 
temperature fluctuations compared to conventional envelope materials. They can also 
minimize the energetic consumption and be a performant solution for a good energetic 
efficiency in the different building constructions. 
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Hydrogeological study of the Maâmora’s Groundwater using 
Geographic Information System 

Majda Bouarda1* . Lahmili abdelaziz1 
1: Laboratory of Applied Geophysics, Geotechnics, Engineering Geology and 

Environment (L3GIE), Mohammadia Engineering School, Mohammed V University in 
Rabat, Morocco 

 

In Morocco, groundwater is an important part of the hydraulic heritage of the country. 
The Maâmora’s Groundwaterextends over an area of 1800 km² that lies below the 
plateau of the Maâmora. Its natural limits are constituted in the South by the outcrops of 
the Miocene marls, in the West by the Atlantic Ocean, the wadi Beht in the East and 
delimited in the North by a line of load at the level of which it is subdivided into a less 
important and little exploited groundwater and a more important deep groundwater 
constituting the main aquifer system of the plain of Gharb. The objective of this work is to 
study the maamora’s groundwater by analyzing the hydrogeological and geological data 
including piezometry, hydrogeochemistry, topography and lithology to better 
understand the soil-water interaction, Also raising the problems posed by the presence of 
groundwater in this area to better know how water gets into the ground, how it flows in 
the subsurface and how groundwater interacts with the surrounding soil and rock. The 
development of geographic databases and the use of geographic information systems 
will allow us to analyze the aquifer system of the maamora and establish explanatory 
maps of the groundwater dynamics. 
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The Influence of Spectral Responses on The Structures Heights: Case 
of The Rhiss River Earthquake in Morocco (6.3MW) – Seismogenic 

Source 4 (Rif Oriental – Al Hoceima – Alboran) 
*Yassine Razzouk1, Khadija Baba1 and Mohamed Ahatri1 

1Civil Engineering and Environment Laboratory - High School of Technology, 
Sale, Civil Engineering, Water, Environment and Geosciences Centre (CICEEG), 
Mohammadia School of Engineering, Mohammed V University Rabat, Morocco 

 

Morocco is located in a risky geographical area: the ibero-maghrebi Mediterranean 
zone, which is situated on the “seismic belt”, known for its seismic instability and 
comprising high risk areas. Each year, hundreds of earthquakes of different magnitudes 
are recorded by seismic surveillance stations belong to the National Institute of 
Geophysics.  The random propagation of seismic waves in soil makes seismic action a 
transitory disturbance. Three principal factors rule motion in any given location: the 
source of seismic action, the path taken by seismic waves, and local geotechnical 
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conditions. A characteristic of seismic motion, released energy propagates in elastic 
wave form. These waves are formed near the epicenter and propagate towards the 
ground. Two types of elastic waves exist: compression and shear, each having its 
velocity.  Most seismic codes and regulations (RPS20111, UBC97, Eurocode 8, Indian 
Seismic Code etc.) use simplified methods depending on the nature of the structure and 
its purpose, namely the equivalent static method, and the spectral modal analysis 
method. Despite the presence of these latter, real seismic data remains a key point in the 
building stability. Indeed, the aim of this study is, on the one hand, to construct the 
spectral response of the ground motion for Rhiss earthquake, and, on the other hand, 
study structure stability via spectral method, with the objective of analyzing the influence 
of seismic characteristics on structures of different heights. In this regard, we have 
conducted a comparison between seismic analysis following Moroccan Seismic 
Regulation RPS 2000 (v. 2011), and spectral analsysis for a structure of different heights 
in Al Hoceima, subject to an Earthquake of 6.3MW. As our case study finds out, there is a 
difference between the two analyses. The first is Seismic construction regulation-based; 
the second is response spectrum-based. By introducing a response spectrum of a real 
case, the global as well as inter-story displacements, the deflections and the reaction 
difference shows that the results of the analysis meet the requirements of the seismic 
regulation. 

Keywords: Ground Motion, Earthquake, Spectral Response, Seismic Analysis, 
Structures Heights.  
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Feasibility study of a 15km highway section in the Tenira region of 
Sidi Bel Abbès 

S. Harizia, S. Hamdinia, B.K. Benazzouzb 
a Department of Civil Engineering, National Polytechnic School (ENP), Algiers, Algeria 

bLMGCE, Department of Civil Engineering, National Polytechnic School (ENP), Algiers, 
Algeria 

 

The increasing growth of the population has dictated an immense rise in the demand to 
road and highway networks alongside with the limited public budgets available for the 
construction and maintenance of these networks have obliged the designers to develop 
advanced solutions able to provide an efficient highway network technically and 
economically. This study proposes innovative solution permits of avoiding agricultural 
area by using bypass around the agricultural area of Tenira in Sidi Bel Abbès in Algeria. 
This bypass is a part of the highway that links the wilaya of Saida to the East West 
highway. The technical study consists of designing the geometrical elements (plan 
layout, longitudinal profile, typical cross section and common sections) according to 
ICTTAL standard -Instruction sur les Conditions Techniques d’Aménagement des 
Autoroutes de Liaison-, the structural design of the pavement layers and the calculation 
of the soil quantities in cutting sections, embankments, and the required pavement 
materials. Using AUTODESK Civil3D, all of these quantities are calculated and presented 
in this technical study. Furthermore, an economic study has been conducted to 
investigate the balance between the costs (of construction and maintenance) and the 
advantages (operating cost of vehicles and the saving of passenger time) and by 
consequence evaluating the net present value and the internal rate of return. The 
construction cost total was calculated approximately. The estimated advantages 
outweigh the investment costs. Therefore, our project is economically feasible.  
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Parameters identification and electrical characterization of 
photovoltaic modules using an hybrid approach 
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Saadaouib, Souaad Lidaighbib, Rabya.Aqela, Hassan el ouaddic 
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University, Agadir, Morocco. 

cEquipe des Matériaux Supraconducteurs, Faculté des Sciences, Université Ibn Zohr, 
Agadir, Morocco 

 

In the current work, we have presented the modeling in MATLAB Script simulator and 
the electrical characterization of photovoltaic (PV) panels using an hybrid approach for 
traditional single diode model (SDM) of solar cells, in order to extract the optimal 
electrical characteristics of the PV panel according to the variable conditions of 
Irradiation and temperature. Then to achieve this goal we have chosen the panels 
already study such us shell SP70 monocrystalline silicon, shell ST40 thin film and 
KC200GT Polycrystalline Silicon and this by taking account the electrical characteristics 
provided by the manufacturers. Finally we have deduce from this study that the 
simulation results obtained show that the simulated output characteristics of the three 
modules Photovoltaic are almost comparable with than those provided by the others 
authors and reproduce fairly faithfully the manufacturer's experimental data.   

Keywords:Photovoltaic, single diode model, Mono-crystalline, thin film, shell SP140, 
Iterative Approach. 
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Effect of buckwheat hull granules content on thermal conductivity 
coefficient and water vapor diffusion resistance coefficient of 

hydrophobized lightweight concrete 
Małgorzata Szafranieca 

a Lublin University of Technology, Lublin University of Technology Doctoral School, 
Lublin, Poland 

 

The vapor permeability, thermal conductivity and heat flux are important parameters 
when considering wall partitions. A measure of the resistance of a material or partition 
to water vapor permeability is the water vapor diffusion resistance coefficient (µ) - the 
lower the coefficient, the better the material's vapor permeability properties. Meanwhile, 
the thermal conductivity coefficient (λ) is the amount of thermal energy flowing through 
a certain mass of a sample as a result of an external temperature difference - the smaller 
the value of λ, the less heat-conducting the material, and therefore the better it insulates 
against heat loss. In addition, it must be borne in mind that the temperature on both 
sides of the wall partition affects the heat flux and thermal conductivity. In this study, 
analyses were conducted which showed that the content of buckwheat hull granules 
affects the value of µ coefficient and the value of λ coefficient of hydrophobized 
lightweight concrete. Subject for testing and analysis was hydrophobized lightweight 
concrete with the addition of buckwheat hull granules. The test samples contained 0% 
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(CBH0), 50% (CBH50), and 100% (CBH100) buckwheat hull granules relative to the 
coarse aggregate content of the primary formulation (by volume). The concrete 
containing 0% buckwheat hull granules was used as the reference concrete. The Bock Fox 
apparatus was used to conduct the lambda coefficient tests. And to determine the water 
vapor diffusion resistance coefficient, the 'dry cup' test was used, according to PN-EN 
ISO 12572:2016-10. During the λ measurements a constant temperature of ∆T = 10°C 
was maintained while varying the outside temperature from -15 to +5°C. Testing with 
The Bock Fox apparatus allowed us to measure the lambda coefficient, also how its value 
is affected by a change in temperature. It was observed that an increase in buckwheat 
hull granules content resulted in a decrease in the ʎ coefficient. For example at ∆T = 10 °C 
and external temperature -15 °C the λ coefficient for CBH100 concrete decreased by 
79.6% compared to CBH0 concrete. From the analysis, it was also found that the 
coefficient λ increases with the increase in temperature on the outside of the wall 
partition - the coefficient λ increased by 6-9%. The increase in buckwheat hull granular 
content also resulted in a decrease in the water vapor diffusion resistance coefficient, the 
µ coefficient for CBH50 and CBH100 concretes decreased by 7.4% and 57.1%, 
respectively, compared to CBH0 concrete. Based on the results obtained, it was found 
that an increase in the content of buckwheat hull granules in hydrophobized lightweight 
concrete results in an improvement in thermal conductivity coefficient and water vapor 
diffusion resistance coefficient i.e. their decrease.  
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The use of natural fibers to reinforce the earth material for rammed earth 
construction: State of the art and perspectives 

A.EL Bourkia, A. Koutousb and E. Hilalia 
a Ibn Zohr University, National School of Applied Sciences (ENSA), MMGC, Agadir, 

Morocco. 
b Hassan II Institute of Agronomy and Veterinary Medicine (IAV HASSAN II), Rabat, 

Morocco. 

 

Raw earth is a natural construction material used in various and diverse techniques. The 
most widespread of these techniques are: adobe, compressed earth blocks (CEB) and 
rammed earth. Regardless of the construction technique applied, it is well known by the 
scientific community that raw earth is an excellent ecological material. In addition, this 
naturel material has a sufficient structural stability and durability, as proven by the 
traditional earthen constructions around the world that still functioning after many 
centuries.  While the use of natural fibers - plant ones in particular - to reinforce adobes 
is a commonly used technique, it is rather less used in the case of the CEB. As for rammed 
earth method, the state of art shows that the use of natural fibers as stabilizer is very 
rare. Indeed, the few papers about reinforcing rammed earth with natural fibers were 
carried out recently.  The present paper focuses on the rammed earth construction 
method, and its stabilization with plant fibers. It aims at presenting and analyzing the 
results of studies and research projects carried out on this topic, in order to assess the 
relevance and the effectiveness of this type of stabilization in terms of thermo-mechanical 
performances and impact on the environment. This article proposes a state of the art on 
the types of the most widely used fibers and their physicochemical and mechanical 
properties. It describes the various preparation methods applied to these fibers before 
their use as stabilizer. Then, the results of research studies on the impact of plant fibers 
on the proprieties of rammed earth are reviewed and discussed. Thus, these review show 
that stabilizing rammed earth with plant fibers decreases the material dry density and 
affects its mechanical properties. Indeed, this type of stabilization increases tensile and 
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flexural strengths, and can enhance compressive strength, if the plant fibers were used 
with optimal content and appropriate length.  At the end of this paper, some research 
topics are proposed as perspectives of this work to promote and enrich the studies 
carried out on the stabilization of rammed earth material with natural fibers, which are 
still very few. 

Keywords: Earth construction, Rammed earth, Stabilized rammed earth, Plant fibers. 
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