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Abstract: The study is to synthesize composite materials with news formulations of thermosetting matrices by the incorporation of 40% 
of mineral fillers to reduce the cost of composite materials and to improve implementation by increasing the viscosity and reducing the 
withdrawal to its minimum value. The mineral filler increases significantly in rheological parameters, whatever it nature of the mineral 
filler. Compared to the control without charges, an increase of 60% of the shear stress and that of plastic viscosity were recorded for the 
epoxy resin. The software Rheowine viscometer enabled us to model and identified the rheological behavior of these mixtures with 
resin. The results obtained in this modeling, confirmed that the resin mixtures have shear-thinning rheological behavior, this last allows 
the model of the Ostwald de Waele.  
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1. Introduction  

In the development of composites materials, the 
matrix acts as a binder of different reinforcements can 
distribute the stress, provide good resistance to 
chemical structure and the desired shape to the final 
product. But there are still some drawbacks that arise in 
the physicochemical and mechanical properties of 
thermosetting matrices. 

The thermosetting matrix materials are most 
common in composite applications [1]. In this type of 
polymers, the molecules are chemically linked, 
forming a three-dimensional network. Treatment can 
be done by applying heat or a chemical reaction [2].  

The loads are used in polymers for a variety of 
reasons, to reduce cost, improve processing, density 
control, thermal conductivity, thermal expansion, 
electrical and magnetic properties, flame retardancy 
and to improve the mechanical properties [3].  
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Each type of charge has different properties 
depending on particle size, shape and surface chemistry 
[4-6]. The most charges used in thermosetting resins 
are calcium carbonate; kaolin and alumina hydrate [7].  

The other commonly used fillers include clay, 
carbon black, and the microspheres of mica, silica, and 
glass [8].  

In general, fillers can change the performance of 
polymer compounds by changing the color, viscosity, 
barrier properties, processing rate, the electrical and 
thermal properties, surface finish, shrinkage [ 9- 15]. 

According to the work of Thai-Hung LE [16] we 
classify the means for measuring the viscosity into two 
categories:  

The first category present the conditions close to the 
industrial process injection. They are made with 
capillary rheometers or nozzles rheological; they can 
also be made by trying the ‘squeeze flow’ with a lesser 
extent.  

In the second category, we can find other mechanical 
testing used to characterize the filled resins; these tests 
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are used on cone-plate rheometer or simple 
compression tests.  

They are homogeneous tests that do not require prior 
knowledge of the law of flow of the material tested.  

Rheological testing of mixtures prepared is made on 
the cone-plate viscometer or the sample undergoes a 
shear in the conical space between the plane and the 
cone. The geometry of the cone, package-ensures 
constant velocity gradient throughout the volume. 

The rheograms obtained, represents the evolution of 
the shear stress as a function of shear rate of resin 
mixtures containing 40% of mineral filler (pozzolan). 

2. Materials and Methods  

2.1 Materials Used 

2.1.1 Epoxy Resin 
In the work, the MEDAPOXY STR of the company 

Granitex was used: They are known for their high 
performance and best qualities.  

2.1.2 Calcium Carbonate 
For this study, the calcite accelerated a 

rhombohedral crystal lattice which was used with a 
weight of 5%, in order to ease implementation and 
increase flexural modulus. The characteristics of the 
calcite used are presented in Table 1. 

2.1.3 Pozzolan  
Algeria has a significant amount of pozzolanic 

material of volcanic origin, which stretches along 160 
km between the Algerian-Moroccan border and the 
Sahel of Oran, this natural product, is a siliceous 
volcanic rock ranging from red to black, the studies and 
industrial tests have shown the importance and 
usefulness of this product in several areas. 

2.2 Geometric Shape of Particles 

The particles have different shapes: spherical, 
chipped and angular. Those different geometric shapes 

depend on the nature of the charges and their mode to 
obtain. As shown in Fig. 1. The pozzolan particles have 
spherical and less angular form. 

The addition of the load increases the aesthetic 
properties of the resin matrix which appears 
transparent to light yellow tints with the addition of 
particles it is possible to change the color of the 
composite. The fillers can be transparent. 

The addition of the load increases the aesthetic 
properties of the resin matrix which appears 
transparent to light yellow tints with the addition of 
particles it is possible to change the color of the 
composite. The fillers can be transparent. 

2.3 Preparation of Material 

The manufacturing protocol is identical to the one 
used for industrials. It is described by the supplier 
Granitex. To observe the effects of interfaces 
epoxy/fillers, the spiked samples are formulated.  

One day before the casting, the amount of charge 
needed to charge the samples was weighed and 
placed in an oven at 80 °C in order to dry. Two hours 
before, the resin and hardener were weighed and 
placed in an oven at 80 °C in order to precondition the 
material. The two quantities are mixed for 15 minutes 
in a mixer preheated to 60 °C under vacuum for 
degassing of the material and the elimination of 
bubbles formed during the mixing phase. The charge 
is incorporated in the mixture according to the 
compositions shown in Table 3.  
 

Table 1  The calcite characteristics. 

Purity (%) 99.9 
Density (kg/m3) 2,710 
Melting temperature (°C) 1,339 
Hardness on the Mohs scale 3 
Refractive index 1.48-1.65 

 
 

Table 2  Chemical analysis of natural pozzolan. 

Components SiO2 CaO MgO Al2O3 Fe2O3 K2O Na2O SO3 Total 
Rate (%) 45.67 8.98 3.45 15.10 10.14 0.50 0.68 0.19 84.73 

 



  

Fig. 1  SEM 
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Fig. 2  Viscometer Haake VT500. 
 

   
Fig. 3  Rheological behavior of matrices studied (a) evolution of shear stress as a function of shear rate, (b) evolution of the 
viscosity versus shear rate. 
 

 
Fig. 4  Model of the evolution of shear stress as a function 
of shear rate. 
 

In the second part, the finer mineral filler penetrates 
in the chains of the resin causing a densification of the 
network. 

SEM images (Fig. 5) is taken on resins with/without 
40% mineral. This shows the densification of the 
network of the resin and powder used and also shows 

an even distribution of load over the entire volume of 
the sample. 

3.1 Identification of the Rheological Behavior 

The Rheowine software of the viscometer, allowed 
us to identify a model and rheological behavior of these 
mixtures of resin.  

The result of this modeling Fig. 4, confirmed that all 
resin mixtures have a shear thinning rheological 
behavior and this behavior follows the Ostwald-de 
Waele model described in Eq. (1) where the shear of 
stress (τ) is proportional to the constant consistency (k), 
shear rate (γ) and flow index (n). 

.
nγτ ⋅Κ=               (1) 

The results were verified by the model given by 
Gibson and Williamson [17] and Gulino [18].  

According to these results, the value of the flow 
index (n) obtained showed that these resins have shear 
thinning behavior. 
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Fig. 5  SEM 
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remarkable [20]. The latter give the composite a large 
number of applications some of them are of a high 
technological level.  

References 
[1] D. Guerra, Procedings of the 67th Annual Technical 

Conference of the Society of Plastics Engineers, Chicago, 
Illinois, USA, 2009.  

[2] P. Bardonnet, Epoxy resins (EP) components and 
properties, Engineering Techniques Doc. A3 (1992) 465. 

[3] E. Brun. Hygrothermal aging of composite epoxy resin 
and silica and its dielectric impact, Thesis, University 
Joseph Fourier Grenoble I, 2009. 

[4] F. Bondioli, Epoxy-silica nanocomposites: Preparation, 
experimental characterization and modeling, J. Poly. Sci. 
97 (2005) 2382-2386. 

[5] F. Gerdinand, Electrical and mechanical strength of 
mineral filled epoxy insulators in correlation to power loss 
factor, in: Proc. of the Int. Conf on solid dielectrics, IEEE, 
Toulouse, France, 2004, pp. 5-9. 

[6] D. Olmos, Kinetic study of the epoxy curing at the silica 
particles/epoxy interface using the fluorescence of pyrene 
label, Polymer Testing 24 (2005) 275-283.  

[7] Z.M. Céline, Synthesis of composite materials by Co-Dry 
grinding, Thesis, Chemical Engineering Laboratory 
UMR-CNRS 5503, France, 2004. 

[8] R.N. Rothon, Particulate Fillers for Polymers, Elsevier, 
New York, 2002. 

[9] Y. Nakamura, Effect of particle-size on 
mechanical-properties of epoxy-resin filled with angular 
shaped silica, J. Appl. Polym. Sci. 44 (1992) 151-158. 

[10] R. Thomas, Miscibility, morphology, thermal, and 
mechanical properties of a DGEBA based epoxy resin 
toughened with a liquid rubber, Polymer 49 (2008) 278-294. 

[11] J. Baller, Interactions between silica nanoparticles and an 
epoxy resin before and during network formation, Polymer 
50 (2009) 3211-3219. 

[12] K.S. Kim, Rheological behaviors and mechanical 
properties of graphite nanoplate/carbon nanotube-filled 
epoxy nanocomposites, Journal of Industrial and 
Engineering Chemistry 16 (2010) 572-576. 

[13] L.L. Pluart, Rheological properties of organoclay 
suspensions in epoxy network precursors, Applied Clay 
Science 25 (2004) 207-219. 

[14] F. Xie, Study on the reaction kinetics between PBT and 
epoxy by a novel rheological method, European Polymer 
Journal 41 (2005) 2171-2175. 

[15] B.J. Kim, Roles of Ni/CNTs hybridization on rheological 
and mechanical properties of CNTs/epoxy 
nanocomposites, Materials Science and Engineering A 
528 (2011) 4953-4957. 

[16] T.H. Le, Rheology and microstructure of polymer matrix 
composites filled thermosetting minéralement and 
reinforced by glass fibers, Thesis, University JOJEPH 
Fourier - Grenoble I, 2008. 

[17] A.G. Gibson, G.A. Williamson, Shear and extensional 
flow of reinforced plastics in injection molding: Part I. 
Effects of temperature and shear rate with bulk molding 
compound, Polym. Eng. Sci. 25 (15) (1985) 968-979. 

[18] J. Gulino, Determination of shear and the effects of fiber 
orientation during injection of a BMC compound’, 
Vetrotex international, 1992, pp. 795-806.  

[19] A. Irekti, Synthetic nanocomposite  materialsarray and 
thermosetting mineral fillers, in: The International 
Workshops on Advanced Materials (IWAM), Ras Al 
Khaimah, United Arab Emirates, 2011, pp. 152-161. 

[20] N. Longiéras, Study of aging of epoxy polymers 
adiochemical, Thesis of University Blaise Pascal, 
Clermont-Ferrand, 2004.

 

 


