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Abstract: The combination of a filler with a polymer results in a new material with changed properties. Some of 

these changes are advantageous while others are less favorable. Polymeric dispersions of nanometer-sized metal 

particles offer the possibility of functionalizing the polymer by properties coming from the large number of surface 

atoms and the quantum-size effects. Nanosized metals show properties that differ significantly from that of bulk metals, 

which makes these nano-composite systems intriguing for scientific study and potentially useful for a number of 

technological applications. This study is about changing the epoxy properties using appropriate fillers. 
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Introduction 
Polymeric dispersions of nanometer-sized metal particles offer the possibility of 

functionalizing the polymer by properties coming from the large number of surface atoms and 

the quantum-size effects. Nanosized metals show properties that differ significantly from that 

of bulk metals, which makes these nano-composite systems intriguing for scientific study and 

potentially useful for a number of technological applications. The control of nano-particle 

morphology becomes a very important aspect, since morphology profoundly influences the 

material performance. As a long-term goal the ability to control and vary particle size, 

distributions, shapes, and composition independently from one another is very desirable, in 

order to allow the tuning of nano-composite properties. A broad area of nano-particle features 

- ranging from nanosized single crystals to somewhat larger (in the range of about 100–200 

nm) yet well-stabilized non-clusterized - gains significant technological importance [1]. 

Almost all fillers do not exist as the discrete individual particles of their primary structure. 

They form aggregates, secondary structures, which can agglomerate into tertiary structures in the 

material to be filled. An aggregate is a collection of primary particles that are chemically bonded 

together. The surface area of an aggregate is less than the sum of surface areas of all primary 

particles in that aggregate. In general, aggregates are extremely difficult to be broken down into 

individual primary particles by physical methods such as mechanical mixing. The union of 

aggregates, although weakly associated through non-bonded physical interactions, leads to a 

cluster. Filler materials often exist as agglomerates in their natural state. The total surface area of a 

cluster is similar to the sum of individual surface areas of aggregates in that cluster. The mixing 

and dispersion of fillers in a material involves primarily the incorporation and distribution of filler 

pellets or powders, and breakdown into agglomerates, and then into aggregate structures [2]. 

Polymer matrix nano-composites are a fairly new class of engineered materials which 

offer for a broad range of properties, an interesting and even radical alternative to more 

conventional filled polymers, yet at much lower filler loadings. They can be defined as 

polymer matrix systems in which the dispersed inorganic reinforcing phase has at least one of 

its dimensions in the nanometer range, which is quite close to the scale of elementary 

phenomena at the molecular level. The resulting unique combination of large interfacial area 

and small inter-particle distance strongly influences nano-composite behavior [3]. 
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Materials 

The Epoxy system RE 4020 – DE 4020 was used as matrix to form particulate composites 

with Clay, Talc, Ferrite, CNT and Wolfram carbide. Each of the fillers is used on a certain 

purpose connected to the final properties of the composite. For this study six materials were 

formed to study their properties before they were used as matrix for stratified composites. The 

reference sample is Epoxy (R) obtained by respecting all the recommendations. The plates of 

120 mm x 120 mm x 4 mm were formed into glass moulds. 

The particulate composites were formed by molding the filled pre-polymer mixture. For 

the A type of composite 5% weight ratios for Clay and Talc were used [4]. The amounts of 

Clay and Talc were mechanically mixed and then added in the main component of the Epoxy 

system (RE 4020) after mechanical dispersion for 30 minutes the right amount of 

polymerization agent (the second component of the Epoxy system – DE 4020) was added and 

the mixture was mechanically homogenized for other 15 minutes before molding (the RE 

4020 – DE 4020 Epoxy system’s gel time is about 45 minutes). 

The other particulate composites were formed keeping the amounts of Clay and Talc but 

adding other fillers such: 0,5% CNT for the B type; 1% CNT and 5% Ferrite for the C type; 

0.5% CNT, 5% Ferrite for D type; and 0.5% CNT, 2% Ferrite and 5% Wolfram carbide for 

the E type. The volume fractions for all the components are given in Table 1. 

 
Table 1. Volume fractions of components 

 Epoxy Clay Talc CNT Ferrite Wolfram carbide 

Epoxy (R) 1.0 0 0 0 0 0 

A type 0.877497 0.047032 0.075471 0 0 0 

B type 0.836531 0.044836 0.071948 0.046685 0 0 

C type 0.8291873 0.0444428 0.0713164 0.0188988 0.0361548 0 

D type 0.807092 0.043258 0.069416 0.045042 0.035191 0 

E type 0.811667 0.043504 0.06981 0.045298 0.014156 0.015566 

 

 

Measurements and Results 

 Coefficient of thermal expansion of each material was evaluated using TMA-SDTA 

840 from Mettler Toledo and Stare dedicated software for the temperature interval of [50oC – 

90oC] [5]. In Fig. 1 dilatation curves of materials are presented and values of coefficient of 

thermal expansion in Table 2.  

 
Table 2. Coefficient of Thermal Expansion 

Material Epoxy (R) Type A Type B Type C Type D Type E 

CET [μm/
 o
C] 84.77 196.54 10.54 208.92 133.37 65.93 

 

The CNTs show negative values of coefficient of thermal expansion, the B type material is having 

such behavior in the temperature interval of [55oC – 63oC]. The E type material shows contraction 

in the interval of [50oC – 73oC] also epoxy (R) for [50oC – 58oC]. The entire heating interval was 

used to evaluate values of CET and they are averaged values characterizing materials behavior in 

[50oC – 90oC]. The  Ferrite  presence  leads  to  higher values of CET as well as the Wolfram 

carbide.  
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Fig. 1. Dilatation of studied materials  Fig. 2. DSC curves for thermal conductivity  

 

For the B type material one may interpret the behavior as an effect of CNT presence (the 

difference between A and B is just the amount of CNT). Regarding the C type and the D type of 

material difference consists just in 0.5% CNT which means that the Ferrite’s effect is strongly 

lowered by CNT. The most dimensionally stable material is the E type material due to the highest 

filler concentration. 

 The thermal conductivity was determined for each material using DSC1 and Stare 

both from Mettler Toledo. The method is described in [6] but in this study’s case four 

materials were used as references for temperature: Palmitic acid (melting temperature 60oC), 

Stearic acid (melting point 70oC), Naphthalene (melting point 80oC), Indium (melting 

temperature 157oC). The curves for four different values of sample’s thickness with Stearic acid 

for reference temperature are presented in Fig. 2. Table 3 contains the values of thermal 

conductivity for formed materials at references temperatures. 

 

Table 3. Thermal Conductivity λ[J/m
 oC] 

Material Epoxy (R) Type A Type B Type C Type D Type E 

60
o
C 6.58E-02 6.44E-02 6.46E-02 8.11E-02 8.34E-02 7.11E-02 

70
o
C 9.57E-02 1.27E-01 2.92E-01 1.42E-01 1.32E-01 5.29E-01 

80
o
C 9.19E-02 1.00E-01 1.22E-01 1.30E-01 1.10E-01 1.18E-01 

157
o
C 1.60E-01 2.00E-01 2.03E-01 2.31E-01 1.85E-01 2.08E-01 

  

The specific heat was also determined for each material using DSC1 and Stare from Mettler 

Toledo. During heating (10oC /min) appearance of a peak was observed for all the materials (Fig. 

3. - left) but this peak disappears if the heating temperature is over 120oC (for repeated 

experiments the peak appears always when the final temperature did not exceed the mentioned 

temperature). That means that around 120oC the polymer structure is irreversibly changed. 

 

Table 4. Measured specific heat for formed materials - c[J/(kg
oC)] 

 A type B type C type D type E type 

[40
o
C – 54

o
C] first heating 2,7995 2,7230 2,9034 2,5822 2,7760 

[40
o
C – 54

o
C] second heating 2,9086 2,7690 2,9128 2,7531 2,8079 

[74
o
C – 88

o
C] first heating 3,5807 3,5597 3,6029 3,2708 3,4980 

[74
o
C – 88

o
C] second heating 3,6637 3,4900 3,5418 3,4226 3,4396 

[80
o
C – 130

o
C] first heating 3,6507 3,6168 3,6689 3,2870 3,6035 

[80
o
C – 130

o
C] second heating 3,8451 3,6416 3,6827 3,5609 3,6002 
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Fig. 3. Heat flow vs Temperature for first heating (left) and second heating (right) of studied materials 

 

In Table 4. are presented the specific heat values for each material both sides of the peak, 

in  the intervals [40oC - 54oC] and [74oC – 88oC] and for  the almost  linear parts  [80oC - 130oC] 

 (Fig. 3) for both first and second heating. All the values are close to the theoretically 

predicted ones. The Clay powder used in this study is a cosmetic use one and it contains also 

organic compounds. When materials are heated over 90oC these organic substances are 

decomposed with effects on final properties of composites. 

 

 

Conclusions 

Using various fiber fabrics as reinforcements could be solved the problems regarding 

dimensional stability (both carbon and aramide fiber show negative values of CTE), wear 

resistance (using aramide whiskers to supplementary fill the external polymer layers), 

mechanical properties (by realizing appropriates architectures and geometrical arrangements 

of reinforcement sheets). 
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