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ABSTRACT 
BACKGROUND: This work focuses on the study physical properties for unsaturated polyester (UP) after being reinforced by 
chopped glass fibers (GF) at length range from (0.1- 0.5 mm) as reinforcing material for (UP) and the particles of (silicon carbide 
(SiC) & copper (Cu)). UP material reinforced with (3%, 6%, 9%, 12% and 15% GF) to produce five samples and then added 5% SiC 
to each sample. Lastly 4% Cu was added after SiC to every samples. OBJECTIVE: The aim of this work was to research the effect 
addition fibers as (E-GF) and (SiC, Cu) particles on physical properties such as (thermal conductivity and density) for UP resin with 
the increment weight ratio of GF.RESULTS: The results indicate a (SiC) samples decrease in thermal conductivity for samples is 
less than that of (GF) samples because of the presence of  low thermally conductive SiC in  samples. Thermal conductivity of (Cu) 
samples is higher than that of (GF & SiC) samples because of the presence of Cu powder that has high thermal conductivity. (SiC 
samples) shows that the density values are greater than those for GF samples due to the SiC particles addition that has higher 
density than the rest of prepared composite materials. Whereas the density values of Cu samples show to the highest values. This 
can be attributed to the density of Cu particles which is higher contrast to the rest of additives. In regard to the density values 
increases with raising GF ratio for all samples. CONCLUSION: Decreasing in thermal conductivity of samples after adding  GF% and 
5% SiC. and increasing in thermal conductivity of composite polymer by adding 4% Cu. Cu addition to prepared composite 
material increases specific gravity more than that with (GF & SiC) addition. 
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INTRODUCTION 

 

Composite materials are multiphase materials obtained through the artificial combination of different 

materials to attain valuable alternatives to conventional materials due to their high properties[12].Polymer 

matrix composite materials have a particular importance in many applications depending on the properties of 

matrix polymer as well as reinforcing materials and are used widely in heat sinks in electronic packaging, 

automobiles and pump impellers because of their possessing good properties such as less noise, good resistance 

and  light weight [1,2]. Several kinds of polymer matrix composites reinforced with ceramic particles have been 

the topic of wide research in past 2 decades. The commercial applications of particulate fillers within polymers 

aim to low cost and stiffness enhancement [3,4]. The physical properties for polymer composites can be adapted 

through strengthening polymer with various kind of fillers and their amount in polymeric matrix. Therefore, 

there has been numerous propositions for models with the purpose of anticipating the thermo-physical 

characteristics of the particular reinforced composites. However, an exact estimation of thermal conductivity has 

up to date been proved to be a challenging process indeed. Thus, estimation of thermal conductivity has been the 
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subject of many studies [5-8]. Fillers affect the strength of the composite according to their interfacial bonding, 

packing characteristics and size [9]. 

 

Experimental Work: 

Matrix material: - 

UP resin (density 1.2 g/cm
3
) is one of the thermoset polymer, that is transformed from liquid to solid by 

adding hardener (UP resin and hardener are manufactured by SIR Saudi company). The hardener is added to UP 

resin by 2gm per 100gm of resin at room temperature. The hardening time for Up is at least 3 hours at room 

temperature to ensure that hardening process is complete, to decrease the shrinkage ratio and to increase the 

cross linking among the molecules of the substance. 

 

Glass fiber: - 

E-Glass Fiber (weight ratio from 3%,6%,9%,12%,15%) chopped form at length range from (0.1- 0.5 mm) 

as reinforcing material for (UP). This type is characterized by many characteristics such as high stiffness and 

toughness. These fibers made by SIR Saudi company. Density of GF 2.85 g/cm
3
. 

 

Silicon carbide (SiC):- 

In this study SiC was utilized in certain percentage (5%) since weight fractions greater than 10% are 

associated with deterioration in wear resistance [9] and density 3.21 g/cm
3
. This powder was manufactured by 

British company. 

 

Copper (Cu): 

In this research Cu powder was used in ratio (4%) and density 8.94 g/cm
3
. The copper is used to improve 

thermal conductivity and this percentage is appropriate for compatible prepared composite material samples. 

This powder was provided by British company. 

 

Composite Fabrication: 

Specimens composed of UP reinforced GF at different weight ratio (3%, 6%, 9%, 12%, 15%) as first group 

of samples, then reinforced by (SiC) powder at certain weight ratio (5%) and eventually 4% Cu is added to 

every samples. The blend is mixed via stirrer. The mixture process time is (5-10 min) to make the mixture 

approximately homogenized. The mixture temperatures start to rise which is an index for the reaction. The 

specimens are layed in oven at 100˚C for 2 hours to obtain curing. Granular volume has been determined for 

(SiC& Cu) particles by using laser particle size analyzer. The average particle size of (SiC& Cu) powder is 

7.99μm. 

 

Thermal conductivity measurement: - 

Thermal conduction network that is connected to electrical oven was used. The network consists of two 

copper plates with copper heater. The sample is placed above the heater, then the plates, sample and heater are 

placed inside the oven. As shown in figure (1). Then the temperatures at which thermal conduction coefficient 

calculation is required are determined (75°C). After that reading of upper and lower plates voltage and heater 

voltage are taken and recorded. By substituting these reading values in the following law, the temperature. then 

temperature change can be obtained.                                                    

TH =173.1125426 { - 1.746417087 + (11.30634112 + VH)
1/2 

} 

TU =173.1125426 { - 1.746417087 + (11.30634112 + VU)
1/2 

} 

TL =173.1125426 { - 1.746417087 + (11.30634112 + VL)
1/2 

}   

TU,L= ( Tu+ TL)/ 2 

ΔT = TU,L – TH 

Q = I*V 

 K= Q* L / A *∆T 

K: thermal conductivity coefficient (W/m.˚C). 

TH: temperature of heater (˚C). 

TU: upper plate temperatures (˚C). 

TL: lower plate temperatures (˚C). 

ΔT: difference in temperature (˚C). 

   I: Alternate current (A). 

  V: voltage (V). 

  Q: heat amount flowing through the sample (watt). 

  L: sample thickness (mm). 

  A: sample area (mm
2
). 
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Density measurement: - 

In this test, samples from any previously performed test have been used then specific gravity for these 

samples has been calculated according to ASTM C 373-72. 

 

RESULTS AND DISCUSSIONS 

 

 

Thermal Conductivity Test: - 

The solid material composed of free electrons and the atomic bonds in periodic arrangement called lattice 

accordingly, the transfer of thermal energy results from two effects are the migration of free electrons and the 

waves of vibration of the lattice, which means the summation of thermal conductivity of electronics vehicle and 

Lattice vehicle, in non-metal solids, thermal conductivity depends on the frequency of interactions between 

lattice atoms and on the properties of the radiation at the surface of the solid and the particle size of the air or 

space and on the nature of the boding of solid material between them and through fig.(1) regarding the five 

prepared samples, K for prepared composite decreases with the increment of weight fraction of GF for all 

samples due to the low thermal conductivity of GF at temperature 75˚C [10]. As observed in the (SiC) samples 

decrease in thermal conductivity for samples is less than that of (GF) samples because of the presence of low 

thermally conductive SiC in samples these result have a good agreement with results of Abas [11,13].Thermal 

conductivity of (Cu) samples is higher than that of (GF & SiC) samples because of the presence of Cu powder 

that has high thermal conductivity. 

 

 
Fig. 1: The effect of GF weight fraction and certain ratio of (SiC& Cu) on thermal conductivity. 

 

Density measurement: - 

In this test specific gravity for samples of all samples has been measured using Archimedes process by 

dividing the apparent gravity of the samples by the density of water. Figure (2) for the first curve (GF samples), 

it is possible to observe the increase in specific gravity values for the composite material as the weight ratio of 

GF is increased because GF have density greater than the density of UP matrix. (SiC samples) shows that the 

density values are greater than those for GF samples due to the SiC particles addition that has higher density 

than the rest of prepared composite materials. Whereas the density values of Cu samples show to the highest 

values. This can be attributed to the density of Cu particles which is higher contrast to the rest of additives. 
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Fig. 2: The effect of GF weight ratio and certain ratio of (SiC& Cu) on density. 

 

Conclusions: 

The conclusions obtained in this work can be summarized as the follows: - 

1- decreasing in thermal conductivity of samples after adding  GF% and 5% SiC. 

2-Increasing in thermal conductivity of composite polymer by adding 4% Cu. 

3- Cu addition to prepared composite material increases specific gravity more than that with (GF &SiC) 

addition. 

4- Recommended to use another types of fibers such as Kevler, Nylon as additives to UP. 

5-Study the improving in mechanical and thermal properties using numerical method such as finite element 

method.  
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