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SYNOPSIS 

Rubber engineers face difficulties in scorching and vulcanizing during rubber processing, 
particularly of natural rubber (NR). Therefore, this work tried to solve these problems by 
blending thermoplastic rubber with NR compound. The results indicated that the scorch 
resistance of the NR was improved by blending the thermoplastic elastomer styrene-eth- 
ylene/butylene-styrene (SEBS). However, its mechanical properties were not found to be 
improved. Therefore, this study was extended to understand the reinforcement effects of 
short fiber carbon and glass fibers, on the mechanical properties of the thermoplastic elas- 
tomer with NR compounds. 0 1996 John Wiley & Sons, Inc. 

INTRODUCTION 

Modification of elastomers by blending has drawn 
attention because of the possibility to improve the 
end-use properties of existing elastomers. Elastomer 
with plastic blends, however, have some difficulties 
in the vulcanizing reaction, elasticity, etc. Although 
blending plastics to make a toughened polymer has 
been very popular,'-3 these blends have many diffi- 
culties with processability, compatibility, e t ~ ? ' ~  

Since World War 11, the development of fiber 
reinforced composites has made available polymers 
lighter than aluminum and stiffer than steel. Gen- 
erally, the short fiber reinforced rubber composites 
have become popular in industrial fields because of 
their processing advantages, and technical proper- 
ties have been greatly improved in strength, stiff- 
ness, modulus, and 

Various fibers have been incorporated with nat- 
ural (NR) and synthetic rubbers?-12 However, few 
studies on fiber reinforced thermoplastic rubber are 
found in the open literature. Therefore, this study 
tried to ascertain the advantages of reinforced rubber 
composites in NR and thermoplastic elastomer 
blends. When rigid high modulus materials are in- 
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corporated into a lower modulus matrix, their me- 
chanical properties are improved. Thus, this study 
investigated the short carbon fiber, glass fiber, and 
composites of carbon black reinforced NR and sty- 
rene-ethylenehutylene-styrene (SEBS). 

The experimental results showed the improve- 
ment of the scorch resistance with NR/SEBS 
blended compared with NR compound, but the me- 
chanical properties were not improved. Carbon and 
glass fiber reinforced composites showed much bet- 
ter mechanical properties than unreinforced mate- 
rials. 

EXPERIMENTAL 

Materials 

NR, SMR-L (Standard Malaysian Rubber-L), and 
a synthetic block copolymer, SEBS, were used in 
this study. We used the SEBS (KRATON FG 
1901X) thermoplastic elastomer of Shell Chemical 
Company, which is a triblock copolymer consisting 
of polystyrene end blocks and a poly(ethy1enehu- 
tylene) midblock. The typical properties of SEBS 
are summarized in Table I.13 We used a carbon black 
(HAF-330), a carbon fiber, and a glass fiber as a 
reinforcing material. The surface of the fibers was 
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Table I 
Study 

Product form Pellet 

Polymeric styrene content (wt %) 
Functionality, % weight as bound 

maleic anhydride 2 
Hardness (shore A) 75 
Elongation at break (%) 500 
Melt viscosity at 175"C, 100 s-' (Pa) 

Typical Properties of SEBS Used in 

Specific gravity (-) 0.91 
28 

6 X lo4 

treated with polyvinylalcohol. The carbon fiber of 
Hercules Co. and the glass fiber of Vetrotex Co. were 
chopped to 5-mm length for compounding. 

Sample Preparation 

Formulations of seven rubber mixtures are shown 
in Table 11. The rubber mixtures were prepared by 
the following methods, commonly employed by the 
rubber industry. Mixing was carried out on an open 
roll mill (20 X 52 cm). The main rubbers (SMR-L 
and SEBS) were masticated on the mill for the first 
5 min, and then the carbon black was incorporated 
into the rubber mixture and the chopped fibers (glass 
fiber or carbon fiber) were added. The mixtures were 
vulcanized at  160°C at their optimum cure time (8- 
10 min). The specimens (dumbbell-3) were prepared 
from the vulcanized sheet samples for tests. 

Test Methods 

Elongation and modulus were measured by using a 
universal tensile tester (YSS) conforming to KSM 
(Korean Standard Material) 6518. The 300% mod- 

ulus is the stress required to produce a 300% elon- 
gation. 

The value of elongation at  break was the average 
of tests on three specimens. The hardness was mea- 
sured by following the JIS-A (Japan Industrial 
Standard) hardness test. The tests were carried out 
on five samples at room temperature. The viscosities 
of the samples were measured by the Mooney vis- 
cometer (SMV-201P) at 125°C (ML 1 + 4). From 
the viscosity data, we obtained the scorch charac- 
teristics of the samples. 

We also determined the optimum cure time 
from rheographs of the Monsanto rheometer. The 
dynamic mechanical properties, E' (storage mod- 
ulus), E" (loss modulus), and tan 6 (loss tangent) 
were measured by a dynamic mechanical thermal 
analyzer from PL Co. The morphology was studied 
by using optical micrography at  a magnification 
of 50X. 

Table I1 Formulation of Rubber Mixtures 

RESULTS AND DISCUSSION 

Effect of Blending Thermoplastic Rubber (SEBS) in 
NR/Carbon Black Compounds 

In this study we started with the effect of blend- 
ing thermoplastic elastomer with NR compounds. 
Therefore, we compared NR and NR/SEBS with 
the carbon black filled polymer system. The for- 
mulations of NR/SEBS/carbon black compounds 
and NR/carbon black compounds are summarized 
as the samples F and G, respectively, in Table 11. 
The test results of the NR/SEBS/carbon com- 
pound and NR/carbon black compound are sum- 
marized in Table 111. These data indicate the 
following points. 

Sample 

A B C D E F G 

SMR-L 80 80 80 80 80 80 100 
SEBS 20 20 20 20 20 20 - 

5 Carbon fiber 5 
Carbon black 30 30 - - 30 30 
Zinc oxide 5 5 5 5 5 5 5 
Stearic acid 2 2 2 2 2 2 2 
Glass fiber - 
CZ (accelerator) 0.7 0.7 0.7 0.7 0.7 0.7 0.7 
Sulfur 2.25 2.25 2.25 2.25 2.25 2.25 2.25 

- - - - - 
- 

- - - 5 - 5 
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Table I11 Properties for NR/SEBS/Carbon Black and NR/Carbon Black 

Sample 

Properties F (NR/SEBS/Carbon Black) G (NR/Carbon Black) 
~~~~~~ ~ 

Mooney viscosity ML 1 + 4 at  125°C 
Scorch time at 125°C (rnin) 

t 5  

5 5  

At 

T9, 

TI0 

Optimum cure time at  160°C (rnin) 

Maximum torque (kgf-cm) 
Hardness (shore A) 
Specific gravity (-) 
Tensile modulus (kgf/cm2) 
Elongation at  break (%) 

22.6 

24.6 
27.5 

2.9 

6.0 
3.6 

57 
56 

89 
630 

1.07 

19.5 

14.2 
16.5 
2.3 

6.4 
3.0 

50 
53 

90 
620 

1.07 

The viscosity of the NR/SEBS/carbon black 
blend was slightly higher than that of the NR/car- 
bon black compound. This indicates that the vis- 
cosity increases by adding SEBS to NR/carbon 
black. The hardness also slightly increased by add- 
ing the SEBS. However, we could not find a way 
to improve the other mechanical properties such 
as tensile modulus and elongation at  break. A big 
difference was found in scorch resistance and cure 
time. Generally, the elastomers have problems with 
scorch during processing. Scorch is defined as a 
premature vulcanization that may occur during the 
processing of the rubber compound due to accu- 
mulated effect of heat and time. The characteristics 
of scorch are taken from Mooney cure curves as 
follows: t5 is the time to scorch at  MV + 5 units, 
t35 is the time to scorch at MV + 35 units, and At  
is the cure index t35 - t5. We compared the scorch 
time at 125°C for the NR compound with NR/ 
SEBS one. By blending SEBS with the NR com- 
pound, the scorch time increased by almost two 
times. This means the scorch resistance was greatly 
increased by blending. The optimum cure time was 
shortened by adding the thermoplastic rubber, 
meaning that the operation time can be decreased 
by blending. 

Effect of Short Fiber Reinforcement in Rubber 
Compounds 

The rheographs of the rubber mixtures are shown 
in Figure 1. The rheographs show a gradual increase 
up to the maximum torque and then a plateau. While 

the maximum torque increases by adding the carbon 
black, it is minimally affected by adding glass fiber 
and carbon fiber. The reason can be explained by 
the amount of loading materials, 30 parts of carbon 
black but only five parts of fibers. 

From Figure 1,  we determined the optimum 
cure time from Tg0, which represents the time to 
reach 90% of the maximum torque value. The op- 
timum cure time is summarized in Table IV. The 
optimum cure time is obtained by adding 2 min to 
Tgo. The results indicated that the optimum cure 
time for all samples will be approximately 8 min 
at  16OoC for carbon black filled rubber. The un- 
filled polymer takes 2 min longer. However, the 
effect of the loading with carbon and glass fiber 
did not appear. The reason can be explained by 
the special function of carbon black and the load- 
ing amount. 

The Mooney viscosity of the compounds is shown 
in Figure 2. The carbon black filled rubber shows 
higher viscosity than the unfilled polymer. Also the 
reinforced fibers increased the viscosity. 

The scorch characteristics of samples are sum- 
marized in Table IV. The scorch time of the carbon 
black filled rubbers at 125'C was 28 min, but the 
scorch time for all unfilled rubber was approximately 
50 min. The order of cure value index is glass fiber 
reinforced > carbon fiber reinforced > no fiber com- 
posites for both the carbon black filled and unfilled 
materials. The results indicate that the dominating 
factor is carbon black because of the higher concen- 
tration of carbon black than fibers in the rubber 
compounds. Figure 3 shows the dynamic mechanical 
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Figure 1 Rheographs of the rubber mixtures in this study. 

Table IV Thermal Properties for Samples 

Properties Sample 

A B C D E F 

Scorch time at 
125'C (min) 

t 5  25 24 44 38 45 25 
t35  28 28 52 50 51 28 
At 3 4 8 12 6 3 

Optimum cure time 
at 160°C (rnin) 

T90 6.4 6.1 8.3 8.5 7.8 6.0 
TIO 3.4 3.1 5.2 5.4 5.4 3.6 
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Figure 2 Mooney viscosity of rubber samples. 

properties at  1-Hz frequency. The results indicate 
that elasticity increased with reinforcing materials 
added. E' (storage modulus) represents the elastic 
energy stored and E" (loss modulus) the energy dis- 
sipated in a cyclic deformation. Figure 4 show the 
storage modulus against temperature at  1-Hz fre- 
quency. At  low temperature (below T,) all samples 
except the glass fiber loaded material show almost 
the same value. However, the order of increase in 
the storage modulus was D < C < B < A at above 
Tr This result indicates that the carbon black filled 

1 o ' O  

loe  

l o 8  r 
h 

6 
k l o 7  

los  

105 

104 

w 

1 

104 lo5 l o 8  107 lo8  l o e  i o10  

E" (Pa) 

Figure 3 
for fiber loaded composites. 

Storage modulus (E) against loss modulus (E') 
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Figure 4 
fiber loaded composites. 

Storage modulus (E)  against temperature for 

elastomers show higher modulus than unfilled elas- 
tomers. The transition behavior of the rubber mix- 
tures is shown in Figure 5. This result indicates the 
damping peak for NR chain relaxation at  -45OC. 
The behavior of the glass fiber loaded materials (B 
and D) is more unstable than for the carbon fiber 
loaded materials (A and C) as the temperature in- 
creases. 

Figure 6 shows the optical micrographs of the 
fiber reinforced composites. All micrographs show 
a discontinuous phase natural rubber matrix and 

lo' t ..=. 1 
O A  * B  i 
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Figure 6 
Table 11. 

Optical micrographs for fiber loaded composites. (A-D): Sample numbers in 

SEBS domain. Therefore, the NR/SEBS blend is 
an immiscible system. This is also apparent from 
the dynamic viscoelastic behavior in Figures 3 
and 4. 

Micrographs in Figure 6 for the carbon black 
filled polymer (A and B) show that the carbon 
black is well dispersed in the mixtures. Micrograph 
( C )  shows that the carbon fiber orientation is in 
the machine direction. However, we could not ob- 
serve the carbon fiber state of micrograph A be- 
cause of the large amount of carbon black dis- 
persed compared to the carbon fiber, and the colors 
of carbon black and carbon fiber are the same. The 
glass fibers were not observed because of their 
transparency. However, we may expect that  the 
fibers are in the machine direction like the carbon 
fiber in graph ( C ) .  

Generally, the specific gravity (sp gr) of a mul- 
ticomponent blend is an average of each compo- 
nent. The specific gravity of the compounds in- 
creases with carbon black loading because specific 
gravity of the carbon black used is 1.86. In the case 

of the glass fiber (sp gr 2.1) or carbon fiber (sp gr 
1.8) reinforcement, the specific gravity of the com- 
posites slightly increases, which is shown in Figure 
7. One of the main advantages of the reinforced 
composite is the high modulus. Figure 8 shows that 
loading carbon black, carbon fiber, and glass fiber 
elevated the tensile modulus effectively. In the 
composites without carbon black, the obtained 
modulus is in the order of C > D > E. The modulus 
of carbon black filled composite shows that loading 
the carbon fiber was effective in the improvement 
of modulus. 

Elongation at break for samples is shown in Fig- 
ure 9. Both carbon blend and fiber loading rein- 
forcement reduced the elongation. The order of the 
elongation is in the order of E > D > F > C > B 
> A. The results indicate that the glass fiber loaded 
composites showed higher values of elongation than 
carbon fiber loaded composites. 

In fiber reinforced composites, fibers act as load 
carriers via shear, to transfer the applied stress, 
leading to high modulus. On the contrary, the elon- 
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Figuke 9 Elongation at  break for the rubber samples. 

Compounds Compounds Compounds 
wi th  with wi thou t  
Carbon fiber Glass fiber fiber 

Figure 7 Specific gravity for rubber samples. 

CONCLUSIONS 
gation is subject to strain amplification, leading to 
lower break elongations. 

The hardness increases in the order of E < D < F 
2 C < B < A (Fig. 10). Notably, the hardness of the 
5% of carbon fiber loaded composite (C) is almost 
equal to that of the 30% carbon black filled one (F). 
However, the glass fiber loaded composites are softer 
than the carbon black loaded composites. Therefore, 
we found that the carbon fiber loading was more 
effective for the improvement of hardness of the 
composites. 

In comparison with NR/carbon black and NR/ 
SEBS /carbon black compounds, the scorch time at  
125°C of the NR/SEBS/carbon black was twice 
that of the NR/carbon black compound. The opti- 
mum cure time decreased by adding the SEBS to 
the NR/carbon black compound. However, the me- 
chanical properties, modulus, and elongation were 
not improved by blending SEBS with NR/carbon 
black compound. Therefore, we investigated the ef- 
fect of the short fiber reinforcing in the compounds. 
The experimental data indicated that the mechan- 
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Figure 8 Modulus of the rubber samples. 

Compounds Compounds Compounds 
w i t h  w i t h  w i t h o u t  
Carbon fiber Glass fiber fiber 

Figure 10 Hardness for the rubber samples. 
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ical properties, such as modulus, hardness, and 
damping, were much increased by reinforcing fibers. 
Carbon fiber especially was more effective than the 
glass fiber. 
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