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Abstract: 

The aim of this research use Graphite Powder as Reinforcement Material by simple 
method. The composite Material was prepared by adding different percent from the powder of 
Graphite (0 – 25) % to study the effect of this material on some properties of (SBR). From 
the results we showed that increase hardness (from 60.6 to 68.56) shore A, increase tensile 
strength (from 2 to 3.5)Mpa, increase modulus (from 0.1824 to 0.25)Mpa and increase cure 
time (from 10.4  to 11.75) minute and increase max. torque (from 9.17 to 12.22)Ib.in because 
the cross linking between the elastomer chains by the graphite but after 20%  some properties 
are decrease  because the agglomerate of the graphite and we show  increase elongation (from 
53.2 to 217.3)% , and decrease viscosity  (from 27 to 21.6) moony because the lubrication 
properties of graphite and also increase electrical connection (from 40000 to 80000) because 
the graphite is semi conductive for electrical  but after 20%  electrical connection is decrease  
because the agglomerate of the graphite and also decrease the heat connection(from 0.00175 
to 0.0012)  ) (W.M-1°C-1) because the graphite is dissipated the heat  phonon at the heat 
translate by connection but after 20%  electrical connection is increase because the holes 
and cracks are created due to the graphite are agglomerate. 
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Introduction 

Synthetic rubber is produced basically from petroleum derivatives. An elastomer is a 
material that it can undergo much more elastic deformation under stress than most 
materials and still return to its previous size without permanent deformation. About 
15 billion kilograms of rubbers are produced annually, and of that amount two thirds 
is synthetic.[1]  

General purpose elastomers are hydrocarbon polymers. They include styrene-
butadiene rubber (SBR), butadiene rubber (BR), and polyisoprene rubber - both 
natural (NR) and synthetic (IR). These rubbers are called "diene rubber"   which 
means that they contain substantial chemical unsaturation in their structure, causing 
them to be susceptible to attack by oxygen, and by ozone. Additionally, they are 
readily swollen by hydrocarbon fluids. The primary application of these elastomers is 
in automobile and cars tires.[2]  

SBR (styrene –butadiene rubber) is considered to be the most common type of 
synthetic rubber in the word and it is denotes a copolymer of styrene and butadiene, 
typically containing about 23% styrene, with a Tg of approximately-55° C. the largest 
part of SBR is used in the tires manufacture. The SBR has good abrasion resistance 
and good aging stability when protected by additives. The defects of SBR may be 
represented in low resistance for oils and not being suitable for whether factors effects 
as ultraviolet rays ,oxygen or ozone due to the presence of double bond in the 
backbone  of the polymer .  It is synthesized via free-radical polymerization as an 
emulsion in water, or an ionically in solution. In emulsion polymerization, the 
emulsifier is usually a fatty acid or a rosin acid. The former gives a faster curing 
rubber with less tack and less staining. SBR was originally produced by the hot 
emulsion method, and was  characterized as more difficult to mill or calender than 
natural rubber,  as well as being deficient in building tack, and having relatively poor  
inherent physical properties. Processability and physical properties were found to be 
greatly improved by the addition of process oil and reinforcing agents. “Cold” SBR 
generally has a higher average molecular weight and narrower molecular weight 
distribution.  The manufacture process of SBR compounds is similar to that 
procedures and additives of natural rubber. SBR is typically compounded with better 
abrasion, crack initiation, and heat resistance than natural rubber (NR). SBR 
extrusions are smoother and keep their shape better than those of natural rubber. [2, 3, 
4] 

Carbon forms the familiar substances graphite and diamond .Both are made from of 
carbon atoms but graphite is very soft and slippery, while diamond is one of the 
hardest substances known to man.[5] 

Graphite is composed from layers of carbon atoms that connected to each other by 
covalent bonds and it is a soft, crystalline carbon form and the other forms are 
diamond and fullerenes. Graphite crystallized in hexagonal form and it is grey to 
black, and it has a melting point of 3,927°C and has low specific gravity [6, 7]. In 
each layer, the carbon atoms are arranged in a honeycomb lattice with separation of 
0.142 nm, and the distance between planes is 0.335 nm. Atoms in the plane are 
bonded by covalent bonds, with only three of the four potential bonding sites 
satisfied. The fourth electron is free to migrate in the plane, making graphite 
electrically conductive. However, it does not conduct in a direction at right angles to 

https://en.wikipedia.org/wiki/Elasticity_(physics)
https://en.wikipedia.org/wiki/Deformation_(engineering)
https://en.wikipedia.org/wiki/Honeycomb_lattice
https://en.wikipedia.org/wiki/Covalent_bond
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the plane. Bonding between layers is via weak Vander Waals bonds, which allows 
layers of graphite to be easily separated, or to slide past each other. There are two 
forms of graphite, alpha (hexagonal) and beta (rhombohedral) which have similar 
physical properties excepting graphene layers stack  differently .the form of alpha can 
be converted to beta form through mechanical treatment and the beta form reverts to 
the alpha form when it is heated above 1300°C. [8, 9, 10] 
Graphite is an electric conductor; consequently, it is useful in such applications as arc 
lamp electrodes. It can conduct electricity due to the 
vast electron delocalization within the carbon layers (a phenomenon 
called aromaticity). These valence electrons are free to move, therefore are able to 
conduct electricity. However, the electricity is primarily conducted within the plane of 
the layers. The conductive property of powdered graphite allows its use as pressure 
sensor in carbon microphones. [5, 11] 

Graphite is considered in industrial applications for their self-lubricating and 
dry lubricating properties. There is a belief that graphite's lubricating properties are 
solely due to the loose interlamellar coupling between sheets in the structure. 
However, it has been shown that in a vacuum environment (such as in technologies 
for use in space), graphite is a very poor lubricant. This observation led to the 
hypothesis that the lubrication is due to the presence of fluids between the layers, such 
as air and water, which are naturally adsorbed from the environment. This hypothesis 
has been declined by studies showing that air and water are not absorbed. [12, 13] 

 

Experimental part 

A compound mixture composed of reinforced material which is graphite with a 
particle size of 65 micron and matrix material (dough) from SBR with some additives 
which have been considered on being fit to international standard specifications as 
shown in schedule (1). 

  Schedule (1) showing the compounds of dough 

pphr Compounding ingredients 

              100            SBR 

            2             Stearic acid 

 6             Zinc oxide 

  0.8            CTB-100(reaction slower) 

                1.5            MBS (accelerator) 

              4.2           Sulpher 

 

 

https://en.wikipedia.org/wiki/Van_der_Waals_force
https://en.wikipedia.org/wiki/Arc_lamp
https://en.wikipedia.org/wiki/Arc_lamp
https://en.wikipedia.org/wiki/Electrodes
https://en.wikipedia.org/wiki/Electron
https://en.wikipedia.org/wiki/Delocalization
https://en.wikipedia.org/wiki/Aromaticity
https://en.wikipedia.org/wiki/Carbon_microphone
https://en.wikipedia.org/wiki/Lubricant
https://en.wikipedia.org/wiki/Cleavage_(crystal)
https://en.wikipedia.org/wiki/Vacuum
https://en.wikipedia.org/wiki/Outer_space
https://en.wikipedia.org/wiki/Adsorbed
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Mixing processes 

The mixing and homogenization process or which called ingredient chewy process. 
By using libertarian mill type (Comerio Ercole Busto Avsizo) which its Italian 
product that composed of two –roll laboratory mill each roll is 150mm in diameter 
and 300mm in length. The mixing and homo was conducted according to the 
following steps. 

1. The rubber was run between the two rolls several times with decreasing the 
space between the rolls at each time, this process was conducted at 
temperature of 70°C. 

2. The addition of stearic acid with continuous mixing by running it through with 
the rubber between the rolls.  

3. The addition of zinc oxide with continuous mixing. 
4. The addition of slowing material CTB-100 with continuous mixing. 
5. The addition of the accelerator -MBS with continuous mixing. 
6. The addition of sulfur to the dough with continuous mixing. 
7. After  the dough being ready by the above steps, a graphite powder is added 

gradually with continuous mixing and the graduated ratios are shown in the 
schedule no. 2 

8. Rolling the dough around the rolls with decreasing the space 0.28 mm for find 
homogenization for repeated times. 

9. Cooling the dough to room temperature  

 

Schedule (2) showing the percentage of added graphite to compound rubber 
dough  

The percentage of added 

graphite% 

The percentage of 

rubber dough % 

0% 100% 

5% 95% 

10% 90% 

15% 85% 

20% 80% 

25% %75 

 

Samples preparation for hardness test 

1. Initial heating of molds to 150°C, and these molds have the dimensions 
(200×180×6.5) mm which contains nine circular equal sized holes (the 
diameter of the hole is 45mm and thickness 5mm). 
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2. The mold drawn out of the oven, thoroughly oiled, then filled with a proper 
amount of the dough. 

3. The mold put in the hydraulic presser under 200 psi pressure and 160°C, for 
duration of 15 minutes to accomplish vulcanization process. 

4. The sample taken out of the model and left aside for 24 hours for cooling 
before testing. 
 
Samples preparation for tensile strength and modulus test 
1. Initial heating of molds to 145°C. 
2. The mold taken out of the oven, thoroughly oiled, then filled with a proper 

amount of the dough. 
3. After the mold is covered its putted in hydraulic presser at pressure around 

200 psi and 145°C for 45 minutes and according to ASTM – D3182 and 
ASTM -D13192. 

5. After 45 minutes periods the mold is open and the slice is taken out which 
have the dimension of (150×150×2) mm and left aside for 24 hours for cooling 
before testing. 

6. Three to four  standard testing samples(dumbbell specimen) are cut out of the 
vulcanized slice each sample has the length of 115 mm and the width of 25mm 
and the distance between benchmarks is about 32±2 mm in length and 6mm in 
width, while its depth 2mm. 

 

 

Testing the hardness property  

Hardness is tested by taking three dotes and take their average by using shore 
A apparatus  in accordance of ASTM(D-2240) as the following steps: 

1. Testing samples are putted in testing apparatus in their proper position. 
2. The handle is moved down wards so that the needle attached to apparatus  

will move down and press on the surface of the sample  
3. Three reading are taken for each sample and the average value is taken  

Measurement of thermal conductivity by using a thermo conductor apparatus 

The same sample where used in hardness testing are putted between the warming disc 
and heated to 100°C until the thermoelastic force is stabilized in v1 and then we 
measured v2 every 120 second until a level where v2 is stabilized or its increases about 
1 per two minutes after that  we tack e the sample out and press the heating discs on 
each other and wait for the temperature to drop until its reaches the same temperature 
at which v2 was stabilized with accordance to schedule in the catalogs of the apertures 
,then we measure v2 every 30 second in the cooling process until reaching to value of 
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v2 which we already obtained in the heating process, thermal conductivity can be 
calculated by using the following equation  

𝜆 =  𝑚𝑐ℎ𝐵
𝜋𝑅𝐵

2  (𝑉1−𝑉2 )  
  .  (2ℎ𝑝+ 𝑅𝑝)

(2𝑅𝑝+ 2ℎ𝑝)
  . 𝛥𝑉

𝛥𝑡
   

m= mass copper disc and its value is (0.824}kg 

c= thermal capacity for the copper disc and its value is(3.805 ×102) 

hB= thickness for the copper disc and its equal to (0.805 ×10-2)m 

RB = diameter for the copper disc which is equal to (6.35 ×10-2)m 

V1= last v1 value after stabilization  

V2 = last v2 value after stabilization 

hP = thickness of the sample  

RP = diameter of the sample 

Testing the electrical conductivity by using AC- conductivity device  

15 mm in diameter discs were cut from the same samples which used in hardness test 
and the test was performed by using the AC-conductivity device where the samples 
were put inside the device and electric current with frequency of 106 hz was applied in 
in accordance with the following equation we calculated the electrical conductivity  

𝜎  Ac = ρ. 𝜀 ˚ έ  

ρ = conductivity factor 

   = isolation constantε 

έ = losing factor 
Tensile test by using Monsanto T10 Tensometer  

This device is controlled by a Microprocessor and its contains a plotter and Pneumatic 
Sample Holder its design for testing tensile resistance and modulus and elongation in 
according to ASTM (D-412- 88).before starting the test the dimension of the sample 
(thickness and width) inputted in advice data memory. This will help to obtain the 
required elongation and tension which is recorded by the device, where one of grips 
moved upward in rate 50mm/minute and the other grip is fixed and by using the 
plotter we obtained (tension-strain) curve. 
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The result and discussion 

Through figure (1) we notice that tensile strength resistance increases with percentage 
of added graphite powder and this is due to the linking of rubber chains with each 
other by the added graphite particles  

  

Figure (1) explain the elevation in tensile strength with increasing the percentage 
of added graphite 

From the figure (2) we notice the modulus increases with percentage of added 
graphite powder and this is due to the linking of rubber chains with each other by the 
added graphite particles while as its drops after the added percentage exceed 20% due 
to the aggregation of graphite layers and graphite have carbon layers slipping property 
with each other in process similar to lubricant which leads to polymer chains slipping 
as well as the graphite aggregation leads to incidence of cracks which caused 
decreasing the modulus  
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Figure (2) explain the relationship between the modulus and the increasing of the 
percentage of added graphite 

 

From the figure (3) we notice a gradually slit rising in elongation value with rising of 
percentage of added graphite and this is because lubricating property of graphite 
particles caused slipping of polymer chains leading to increasing elongation property, 
while as a sudden prominent rising in elongation value is seen after the percentage of 
added graphite exceeds 20% due to the aggregation of graphite which will lead to 
incidence of cracks causing elevation of elongation values prominently 

  

Figure (3) explain the relationship between the elongation with increasing of the 
percentage of added graphite 
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From the figure (4) notice hardness rising with the percentage of added graphite and 
this is due to the linking of rubber chains with graphite particles which will increase 
the material resistance for penetration, there will form aggregation of graphite after 
the percentage of added graphite exceeds 20% leading to slipping process of rubber 
chain on each other, therefore the hardness is decreased and this also explains the 
drop of modulus and the prominent increase of elongation values. 

 

Figure (4) explain the relationship between the hardness with the increasing the 
percentage of added graphite 

From the figure (5) we notice the electrical conductivity rising with increasing the 
percentage of added graphite that because its consider a semiconductor material and it 
has the ability to electrons movement within graphite layers but after exceeds the 
percentage of graphite addition 20% and due to graphite aggregation this will lead to 
creation cracks or holes causing a decline in electrical conductivity. 
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Figure (5) explain the relationship between the electrical conductivity with the 
increasing the percentage of graphite addition 

From the figure (6) we notice a slightly dropping in   thermal conductivity with 
increasing of the percentage of added graphite and this due to the graphite is working 
as thermal phonons dispersed in state of heat transfer by conductance but after 
exceeding 20% of graphite addition, there will be cracks or holes formed and this will 
lead to conductivity by radiation (according Steven's law for thermal conductivity by 
radiation way) that will cause an increase in thermal conductivity. 

 

Figure (6) explain the relationship between the thermal conductivity with the 
increasing the percentage of graphite addition 

From the figure (7) we notice that increase the max. torque rising with increasing of 
the percentage of added graphite due to the cross-linking of vulcanization  incidence  
the graphite action on  vulcanization  process is increase the proportion of max. torque 
until 20% of addition, after that the max. torque decreasing with increasing the 
percentage of added graphite because the rising of graphite more than 20% lead to 
slipping of rubber layers due to graphite lubrication property.   
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Figure (7) explain the relationship between the max. torque with the increasing 
the percentage of graphite addition 

 

From the figure (8) we notice dropping in   the viscosity with increasing of the 
percentage of added graphite and that is because lubricating property of graphite, 
noting that this figure represent the viscosity before the process of vulcanization and 
its crosslinks 

 

Figure (8) explain the relationship between the viscosity (moony) with the 
increasing the percentage of graphite addition 

 

From the figure (9) we notice the cure time rising with increasing of the percentage of 
added graphite and that is because the crosslinks of vulcanization incidence which the 
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graphite effect an vulcanization process is elevation of cross links which require a 
longer time with increasing the percentage of added graphite   

 

Figure (9) explain the relationship between the cure time with the increasing the 
percentage of graphite addition 

 

 

Conclusions 

1. The tensile strength resistance increases with percentage of added graphite. 
2. The modulus increases with percentage of added graphite and after the added 

percentage exceeds 20% the modulus drops. 
3. The elongation resistance increases with percentage of added graphite. 
4. The hardness increases with percentage of added graphite and after the added 

percentage exceeds 20% the hardness drops. 
5. The electrical conductivity rising with increasing the percentage of added 

graphite and after the added percentage exceeds 20% the electrical 
conductivity drops. 

6. The thermal conductivity is a slightly dropping with increasing of the 
percentage of added graphite and after the added percentage exceeds 20% the 
thermal conductivity increases. 

7. The max. torque increase with increasing of the percentage of added graphite 
and after the added percentage exceeds 20% the max. torque drops. 

8. The viscosity decreases with the percentage of added graphite. 
9. The cure time increases with the percentage of added graphite. 
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