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Ageing and Oil Resistance of Fiber-Reinforced 
CR/NBR Blends 

SAM1R.H. BOTROS, ADEL.E YOUNAN and M0HAMED.M. ESSA 

Polymers Departement, National Research Centre Dokki, Cairo, Egypt 

Nitrile rubber (NBR) as an excellent oil resistant was blended with the thermal resistant poly- 
chloroperene rubber (CR) to obtain rubber product with satisfactory thermal and oil resist- 
ance. The effect of curing system and blend ratios upon the physico-mechanical, swelling and 
ageing properties were studied for polyester reinforced vulcanizates. The obtained results 
were compared with the grafted and ungarfted viscose fibers. 

Keywords: CRiNBR blends; grafting; vinyl monomers; viscose fiber; PET fiber; thermal sta- 
bility; swelling resistance 

INTHODUCTION 

Fiber reinforced rubber composites impan useful mechanical propenies such as stiffness, strength. 
modulus. and damping in addition to processing adVantdge."'*'ThmKfore, t h ~  major application of 
fiber reinforcement is directed toward the production of hose and comploc shaped mechanical p"tS!'l 
The reinforcement effect of shm fibers is governed by a number of factors : fiber typc, length and 
loading, adhesion between fiber and matrix, oreintation and breakage during mixing ac . .Th~ proper 
choice of bonding agents has also ken the subject of many invatiga~ors. '~~'  The properties and 
performance of short fiber-reinford rubber composites have been investigated!". ' I )  It has heen 
found that the addition of fiber markedly reduces maximum swelling and enrails an increase in 
material stiftitcss.(121 

ln the prcsent research, CRMBR blend and its polyester (PET) fiber reinforcement were 
examined in terms of physico-mechanical properties and swclling bchaviour in motor oil and brake 
fluid. The e f f w  of diffment curing systms and various blend ratios were also investigated after and 
before thermal ageing. 

MATERIALS 
Krynac- N- 3345 (Nitrile rubber "NUR) of 33% acrylonitrile content and 45 Mooney viscosity. 
Neoprene - WRT (Polychloroprene rubber "CR"). Product of Bayer company. 
Polyestm fibas (PET) of 38 mm length and 1.5 denier. Prniuct of Mi= company for artificial 

Motor oil : Esso Extra multi grade oil ?OW-50 AP/SF/CC (Exxon). 
Hydraulic brake fluid: super 105. Product of Lockheed, England. 

0 Compounding ingredients are of commcxial grades used in industry. 

silk - Kafer El-Dawar, Egypt. 

TECHNIQUES 
Mi*ingl"l: Mixing was accomplished on a laboratory two roll mill; I70 mm diameter 

and 30Omm working distance. The speed of slow roller was 24 rpm with 1 : 1.25 gear 

ratio. Care was taken to assure that the fibers orientation is in the grain direction. 

Rhcometric study: The cure characteristics of the rubber mixes were obtained at 

152fl"C using a Monsanto Oscillating Disc Rheometer model-100, (ASTM).'"' 
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41049981 SAM1R.H. BOTROS et (11. 

Vulcanizafion: The uncured rubber sheets (2 mm thickness) were vulcanized in a 

hydraulic press vulcanizator at 152 f l ° C  under 4 MPa pressure. 

Physico-mechanical Properties: Tensile strength, elongation at break, 100% modulus 

and Young’s modulus were determined using tensile testing machine, Zwick 1425, 

Germany, according to ASTM method.’”’ 

Swelling of rubber vulcanizates in liquids ‘I6’: Swelling tests in toluene was carried 

out at room temperature (25°C) for 48 hours. Swelling tests in motor oil and brake 

fluid were conducted at 100 * 1 “C for 1,2,4,6 and 7 days, in a good airiated oven. 

Thermal ageing Procedure: Accelerated thermal ageing was carried out in an oven 

supported with air circulation at 90 It 1°C for periods of 2,4 ,6  and 7 days, according 

to ASTM  neth hod.'"^ 

RESULTS AND DISCUSSION 

Blending of CH and NBR and their PET fiber comwsitc 

In the present investigation; CR, NBR and thier 50/50 blend were prepared on a two 

roll mill. Also, polyester (PET) fiber-reinforcement of C W R  (50150) blend was 

investigated. It is noted that the adhesion system, which consists of hydrated silica, 

resorcinol and hexamethylene tetramine (HRH) was added to the blend mix. PET fibers 

(20 phr) were incorporated as one of the rubber ingredients during the mixing process. 

The orientation of fibers was achieved along the direction of the cylinder rotation 

during the roll mill operation. 

Table 1 shows that CR vulcanizate has higher maximum torque (MH) and longer cure 

time (tcw) than NBR vulcanizate. However, CR/NBR blend vulcanizate has a medium 

value of maximum torque, but short cure time as that of NBR vulcanizate. The 

maximum torque increases, by incorporating the adhesion system and PET fibers, 

successively, into C W R  blend mix. While, the cure time and the scorch time (ts2) 

decrease due to the accelerating effect of the adhesion system on the vulcanization of 

CR/NBR blend. 

It is obvious from Table 1 that CRfNBR blend vulcanizate has a tensile strength 

value which is approximately equal to those values of the individual CR and NBR 

vulcanizates. While that blend has medium values of elongation at break, 

100%modulus, Young’s modulus and swelling in toluene, when compared to the 

individual rubber vulcanizates. 

, .  
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AGEING AND OIL RESISTANCE ... [999]/411 

Tensile strength, elongation at break and swelling in toluene values of CFUNBR 

blend decrease by the addition of HRH adhesion system, then M h e r  decrease takes 

place by incorporation of PET fibers. On the other hand, 100% modulus and Young's 

modulus values increase by addition of HRH adhesion system, followed by further 

increase; due to the incorporation of PET fibers. This may be attributed to the in situ 

formation of resorcinol formaldehyde resin during vulcanization, and due to the rigidity 

PET fiben. Also, it is clear that tensile strength, 100Y0 modulus and Young's modulus 

values of PET fiber composite measured in the longitudinal (L) direction are greater 

than those measured in the transverse (T) direction. But L elongation at break is lower 

than T elongation. This indicates that the fibers were well oriented in the grain 

direction of rubber mix. 

Table 1 Formulations, rbeomcteric characteristics and physic* mechanical proprrtics of CR, 
NBR their blend and composite 

Rubbcr lnnndlrnts M 1 n12 hl3 I 4  &IS 
CR 1W 0 50 M 50 
NBR 0 100 50 50 50 
Strsrk mrld 2 2 2 2 2 
zoo 5 5 5 5 5 
IPPD 1 1 1 1 1 
nAF 40 10 40 40 40 
h. ou 5 5 5 5 5 
EW 5 5 
l&WTtld - - - 5 5 

- 3.2 3.2 EMT - - 
- 20 PET' - - - 

4 - 2 2 2 
0 5  - 031 0.25 0 3 5  

M e 0  
ETU 
MBT - 15 0.75 0.75 0.75 
S - 15 0.75 0.75 0.75 
Rhcometric characlcristics at 152f I'C 
Mlmlmum to rqmr  0. a . m .  7 5 9 10 13 
.M.dmmm tnrq.e(M&dN.m 71 37 59 80 89 
Care tlmr (1c-X =la. 405 25.0 25.5 225  22.0 
Scorch tlmr (a). mlr 2.00 4.25 2.50 1.50 1.25 
Cum nee indrr (clu). -1% ' 2.6 4 a  4 3  4.7 4.8 
Mechanical properties at 25 'C 
T e d k  slrewlb. MPa (L.) I 6 3  15.9 16.4 155 10.5 
Trmdlr slreytb.  MPa 0 16 15.5 I6 153 8.8 
EbmgsWm at k e b ,  W (L) 270 660 415 310 215 
Eioq.Iim I t  brr.b, w 0 270 615 420 315 240 
100WDod.lU.MPa (L) 2.8 0 5  1.3 3.2 1.6 
100% modulms, MPs (TI 2.7 0 5  1.2 3.0 5. I 
Yomy's modmlms, MPm (L) 6 2.4 3.97 4.9 4.9 
Yomg's moddms, MP. 0 5.5 2.1 3.5 4.2 4.0 
Swelling in toloroc, lor 43 brs 
Wekht mU. K I49 207 i n  138 123 
* Polyahytcrr t a p b h l a t c  ( pdyeac~) rhm Sbcn 

(L) - LonyMlarl d v a t m  
(T) 5 Tnnrvcrrc d w m  

- - - 

The physico- mechanical properties of the prepared vulcanizares were 

determined after thermal ageing for different time periods. Figures 1-3 show that 

blending of CR&NBR resulted in a vulcanizate with medium physico-mechanical 

properties when compared to those values obtained for the individual CR and NBR 
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AGEING AND OIL RESISTANCE ... [ 100 11/41 3 

vulcanizates, after thermal ageing. Also, a balance of properties is obserbved upon 

blending. The blend vulcanizate reinforced with PET fibers shows no change in tensile 

strength, a slight decrease in elongation at break and a slight increase in 100% 

modulus, during the ageing periods. Thus, the reinforced CR/NBR vulcanizate has 

good thermal stability. 

Figuers 4 and 5 show that sweUing of NBR vulcanizate is the least in m t o r  oil, 

while swelling of CR vulcanizate is the least in the hydraulic brake fluid. On the other 

hand, CRNBR blend vulcanizate shows medium swelling values, in both motor oil and 

brake fluid, for all swelling periods. These swelling values are less than the expected 

values obtained by applying the simple additive rule to CR and NBR swelling values. In 

other words, swelling values in brake fluid of the blend show negative deviation 6om 

the additive rule indicative of an effective improvement of the swelling resistance upon 

blending. Also, the reinforcement of that blend with PET fibers results in further 

decrease in swelling values, in motor oil and brake fluid. 

Therefore, blending of CR and NBR improved the swelling resistance of CR in 

motor oil and improved the swelling resistance of NBR in brake fluid. Also, the 

reinhrcement of 50/50 CRNBR blend with PET 6bers results in further improvement 

of swelling resistance, both in m t o r  oil and brake fluid. 

E E  R om i t s  

Ethylenethiourea (ETU)/MgO (0.5/4 in phr) curing system is commonly used to cure 

CR, whereas MBT/S curing system (with two different ratios 1 3 1 . 5  or 1/2, in phr), 

CBS/S (I/& in phr) and TMTD (3, phr) curing systems are generally used to cure 

diene rubbers. 

In the present investigation two groups of curing systems were examined to 

cure CR/NBR (50/50 by weight). Group 1 consists of half the amounts, mentioned 

above, of ETU/MgO combined with halfamounts of MBT/ S (with two different 

ratios), CBS/S or TMTD. Group 2 consists of the conventional amounts, mentioned 

above, of MBT/S (with two different ratios), CBS/S or TMTD, in absence of 

ETUMgO. 

The base recipe contains : CR 50,NBR50, stearicacid2phr,ZnO5 phr, 

IPPD 1 phr, HAF 40 phr, processing oil 5 phr, HKi 5 phr, resorcinol5 phr, HMT 3.2 
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4 144 10021 SAM1R.H. BOTROS et ul. 

phr and PET fibers (38mm length) 20 phr. Rheometric characteristics of the mixes and 

physicomechanical properties of the composites were determined and listed in Table 2. 

Table 2 Formulations. rheometeric characteristics and physico-mechanical properties of the 
composites containing. various vulcanizing systems 

Group 1 Group 2 
Curiq  s y i t m s  315 $16 $17 hl8 >I9 .\I10 MI1 3112 

Me0 2 2  2 2 - - - -  
ETU 0.25 0.25 0.2s 0.23 - - - - 
MBT 0.75 0.59 - - I50 1.00 - - 
C'BS - - o s - - -  1.0 - - 1.5 - - - 3.0 rnim - -  
S 0.75 1.00 1.00 -- 1.50 2.00 2.00 - 
Rheometric Characteristics at 152 k I T  
Minlmvntorqur(~I~) .dN.n.  13.0 9.5 10.0 11.0 10.0 11.0 11.0 10.5 
M a l l m ~ a r o r q ~ ~ [ ~ l e ~ ~ . m .  89 96 96 50 I24 140 147 53 
Curr tinr ( t c d  nln. 22 29.0 365 28.0 12.5 19.5 26.0 273 
Scorch time (el). mlm. 125 1.50 1.75 2.00 1.00 1.25 1.75 2.25 
Cunr.t~lad~i(CRI).mln;'  4.8 3.6 2.9 3.8 8.7 5.5 4.1 4.0 
Mechanical Properties at 25 'C 
Tt8sllr1trrogth, %IPS (L) I05 11.6 11.5 5.4 11.2 11.6 12.0 5.0 
~ T d k i * . h e m ~ t b .  \IPm (T) 8.8 9.0 8.1 3.2 103 9.3 11.0 2.6 
Elomgdonatbrrak.%(L) 215 LOO 215 110 140 I N )  80 120 
Elom~.I iom~tbrr ik ,XO 240 210 200 120 155 155 I40 125 
100% moduIus,>Ih (L) 7.6 7.2 6.7 4.7 10.7 9.9 - 4.8 
100% POdmhhhlPl 0 5.1 4.72 4.7 2.8 7.9 6.3 8.2 2.6 
Young's modulus. SIP. (L) 4.9 5.6 5.3 5.0 8.1 8.9 10.0 4.0 
Yony' smduinsMPa (T) 4 4J 4.1 2.7 6.6 6.1 8.0 2.1 
Swelling in toluene. at 25'C ,for 48 hrs 
Wrkgbt WUU. *A 123 114 1135 122 105 % 92 118 
Mechanical Properties after thermal ageing at 90'C. for 7 days 
Teuutrtrrm~lb.hcP.(L) I 0 1  11.1 113 5.1 11.6 11.1 11.9 5.1 
Eloog.r)ona1bnak.K(L) 175 165 170 105 I15 100 55 110 
100% modmlms,hih (L) 8.7 8.4 7.7 5 11.2 11.8 - 5.4 
Y o a ~ ' ~ n c d n l n % h l P a ~ )  6 6.9 6.6 4.9 11.3 10.9 205 4.7 
Swelling in oib at IOO'C, for 7 days 
WeIghtmIL K In motor oll 5.4 5.9 4,9 6.2 4.4 4.6 4.4 5.6 
WekbIswrU,H1n bnL.llmM 17.6 166 165 18.6 IS6 16 I6 18 
(L) = Lcm@Ndmal ducEtian 
(T) = T m v n u  d h m n  

Table 2 shows that the use of the conventional systems (group 2) leads to better 

mechanical properties than those obtained by using group1 curing systems.Also, the 

use of MBT/S with two different ratios in both groups shows similar mechanical 

properties. On the other hand TMTD cured vulcanizate possesses the lowest tensile 

strength and modulus. However, CBS/S cured vulcanizate possesses the highest 

maximum torque, tensile strength and modulus, but the shortest elongation at break 

and the least swelhg value in toluene. 

Mechanical properties of the wlcanizates were determined in L direction after 

thermal ageing for 7 days, as shown in Table 2. It is clear that tensilestrength, 

elongation at break, 100% modulus and Young's modulus of all composites are almost 

unchanged upon ageing. Aged 100% modulus of CBS/S (1/2, in phr) vulcanizate is 

undetermined because its elongation at break is less than 100%. 
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AGEING AND OIL RESISTANCE. [1003]/415 

The vulcanizates were exposed to swelling in motor oil and in brake fluid for 7 

days, at 100°C. It is obvious from Table 2 that the group 2 vulcanizates possess lower 

swelling values than group 1 vulcanizates. Also, TMTD vulcanimtes showhigher 

swelling values than CBS/S or MBT/S vulcanizates in ea:h group. 

Effect of blend ratio on the momrties of PET-CIUNlHt comoosites 

C M R  blends were prepared with various blend ratios.The formulations, rheometric 

characteristics of the mixes and pysico-mechanical properties of the composites are 

listed in Table 3. The base recipe contains: stearic acid 2 phr, ZnO 5 phr, IPPD 1 phr, 

HAF 40 phr, processing oil 5 phr, hisil 5 phr, resorcinol5 phr, HMT 3.2 phr, PET 

fibers (38 mm length) 20 phr, CBS 1 phr and S 2 phr. 

It is clear from Table 3 that the cure times of CR and N3R are approximately 

similar. The maximum torque decreases, while scorch time increases, by increasing 

NBR content in CR/NBR blend composites. Also, CR/NBR blend composites possess 

significantly shorter cure times and higher cure rate indecies, than those of the 

individual rubber composites. 

Table 3 Formulations, rheomcteric characteristics and physic* mecb.nkal properties of the 
composites with various blend ntiap 

Eh1tO.H" M1J MI4 M 1 1  MIS Mlb 
CR 100 15 50 25 0 
NBR 0 25 50 75 100 

Rhcometric Characteristics at 152 f 1 'C 
M1mim.m brqw (Md. dN.r 95 10 I1 1025 8 
hlaximmm torqmr (M.).dN.r I s 6  155 147 110 90 

Scorch Hmt (-2). nb. 1 a0 150 1.15 2.25 2.75 
Cum rite Indei (CRI). mh.'  2.94 3.5 4.1 5.00 2.92 

Mechanical propertia at 25 'C 

Curt H w  (1~"). mlm. 35 30 26 24 37 

TenrUcrIrrmgtb. hlp. (L) 9. I 115 12.0 iia 1J.2 
Trnslle smogth. MP8 0 8.3 102 11.0 I I J  10.9 
Elon~aUom *I bnmk H (L) 105 95 80 175 2bO 
Eloag.Hom ' 1  bm.4 % (1) I 35 I40 140 190 290 
100% modulus. h l h  (L) 9.1 - 9.0 1.0 
100% modulus, MP. (l') 6J  1.9 8.2 b.8 4.4 
Youmi's modulmr. hlPm (L) 8.7 9.1 10.0 6.1 4.7 
Young's modulus, hrP. 0 6.1 1.4 8.0 5.9 3.8 
Swelline in toluene. at 25.C. for 48 bn 

- 

Welgbt &llmg, H 96 9 6 5  92 101 119 
(L) - LmlyMml d v s t m  
(T) = T m r v m  d m w n  

The obtained data show that the physico-mechanical properties are slightly improved 

with the increases of NBR content up to the ratio 5050 then a decrease ofthe 

properties is obtained with fbther increase ofNBR content. 

The composites were exposed to thermal ageing for periods up to 7 days, The 

mechanical properties were measured in L direction. Figures 6- 8 show that tensile 
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i -i 

Figun 8 Yaup's rodulns im I. d h d h  va. swing 
time ai  90 C of (La rompdies (20 pbr PET) 
with vanouo CWNBR bhod ~tia 
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AGEING AND OIL RESISTANCE ... [ 1005]/4 17 

strength of the composites with different blend ratios is almost unchanged upon ageing. 

Elongation at break slightly decreases, while Young;s modulus increases, upon ageing. 

blend possesses high 

tensile strength, highest Young's modulus, but shortest elongation at bre;k, after 

thermal ageing. This makes that blend work at high stress condition with low strain. 

Of all CIUNBR blend ratios investigated, the 50/50 

Figures 9 and 10 show that the degree of swelling values of  the composites in 

motor oil and in brake fluid slightly increase with the exposure time till 4 days, then 

remain constant with increasing the exposure time, at I O O T .  It is obvious that CR 

composite possesses the highest swelling values in motor oil, while NBR composite 

possesses the highest swelling values in brake fluid. But CR/NBR (50/50) composite 

possesses medium swelling values, either in motor oil or in brake fluid. Thus, CR/NBR 

(50/50) composite can be used in both motor oil and brake fluid. 

In summation, the composite containing CR/NBR (50150 by weight) blend 

possesses good mechanical properties together with high thermal stability. Also, that 

composite has good swelling behaviour in motor oil, brake fluid and toluene. 

Effect of mnftcd viseox fiber on CR/NBR ~ I c i n i u t c s  

For h h e r  improvement of the swelling resistance of C N R  vulcanizates, viscose 

fibers were compared with polyester fibers and trials were made to increase the 

efficiency of  viscose fiber via grafting with acrylic monomers. For thispurpose, 

viscose short fibers were washed, firstly, in hot 0.1N solution ofNaOH to remove any 

fatty materials on fiber surface, then dried to a constant weight. The washed viscose 

fibers (w.v.) were grafted with two different vinyl monomers, namely, acrylic acid 

(AA) and acrylonitrile (AN) using ceric ammonium nitrate as a redox initiator. The 

homo-polymer was extracted by acetone/ cyclohexanone mixture (5050 by volume). 

The Brafling yield was determined by the increase in weight and confirmed via IR 

spectroscopy (Figure 1 la-c). Unwashed (u.w.v.), washed (w.v.) and grafted washed 

viscose fibers (AA-W.V. and AN- w.v.) were incorporated into rubber formulations in 

amounts equivalent to 20 phr fiber and compared with that containing 20 phr PET fiber 

(of the same length and denier), as shown in Table 4. 

The base recipe contains. CR 50, NBR 50, stearic acid 2 phr, ZnO 5 phr, IPPD 1 phr, 

HAF 40 phr, processing oil 5 phr, hisil 5 phr, resorcinol 5 phr HMT 3.2 phr, 

CBS 1 phr and S 1 phr. 
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4 18/[ 10061 SAM1R.H. BOTROS el al. 

Figure 1 la : 1R Spectrum of ungrafted viscose fibers 

111 

-c a 

Figure I l b  : IR Spectrum of AA grafted viscose fibers. 
Characteristic splitted band of carborylic group at 1718 and 1645 

-!I 

Figure l l c  : IR Spectrum of AN grafted viscose fibers. 
Characteristic band of cyano group at  2243 em-'. 
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Table 4 Formulations, rbeometeric characteristics and pbysicwnechanical properties of the 
composites with grafted and ungrafted viscose fibers 

M- grafted -bed VIUM fiber (M-.w.v.) - 
AN- grdltdwashedviuoe f ikr(AN-.rv. )  - 
Rbeometric Characteristics at 152 i 1'C 
Mloimum torgar (MO. dN.m. 10 

Cure lime ( t 4 .  min. 29 

Mechanical Properties at 25 'C 
Tcarik rtrrmgtb, ?.IP. (L) 12 
Lloncanon .I brrak X (L) 
100% nlOd"h* MP. 0 - 
Youmt's moddus. NPa (L) 15 
Swelling in toluene for 48 brs, at 2% 

Mmxlmum 10rq.e (film), dN.m. I46 

S o d  (In. (W. m k  2 
Cure rate index ( C R h  min. ' 3.1 

110 

Wekbt-lLK 92 

- 
- 

7 
124 
24 
1 5  
4.4 

12.9 
100 
12.9 
12.9 

72 

- - 
7 

122 
25.5 
15 
4s 

11.6 
75 

15.1 

69 

- 

Mefbnnieal Properties after tbermal ageing for 7 days, at 90'C 

Eloagdoo nt bnd~,K (L) 55 45 40 

AA= Acrylic acid mmcmer, 

Tmrllr smwglb. MPe (L) 11.9 13.5 13 

Y ~ . . ~ ' ,  modtli~~. hip. (L) 203 30 32.5 23.6 JOJ 
AN= Acryloniuilc monomer 

- - - - - - 
21.6 - - 45.6 

8 9 
I 4 6  158 
25 20.6 

1.15 1 5  
4-3 5 J  

I 1 3  10.1 
I30 45 
10.5 - 
8.1 236 

80 63 

13J 103 
55 35 

From Table 4, it is clear that the removal of fatty materials &om the viscose fiber 

surface by washing, improves the adhesion between fiber and rubber as shown &om the 

decrease of both elongation at break and swelling in toluene and the increase in 

Young;s modulus. Also, acrylic acid grafted viscoes showed unremarkable effect, 

while, the acrylonitrile srafted viscose showed the lowest elongation at break, the 

lowest swelling in toluene and the highest Young's modulus. 

From Table 4, it is obvious that all the investigated composites showed good thermal 

stability in the tensile strength after ageing for 7 days, while a slight decrease in the 

elongation at break was observed, upon ageing. On the other hand, acrylonitrile 

grafted viscose fiber- composite showed the lowest swelling values in motor oil and 

showed a comparable swelling values with PET fiber- composite in brake fluid, as 

shown in Figures 12 and 13. Therefore, swelling resistance ofviscose fiber- composite 

is improved via grafting with acrylonitrile monomer. 

CONCLUSlONS 

I .  A balance of properties can be obtained upon blending CR and NBR. Also, 

CRMBR blend possesses suitable swelling values both in motor oil and brake fluid. 

2. Reinforcement of CRNBR blend with PET fibers improves thermal stability and 

swelling resistance of the vulcanizate, in motor oil and in brake fluid. 
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3. The composites cured with MBT/S, CBS/S or TMTD, in absence of ETUhlgO, 

show better performance against thermal ageing as well as better swelling resistance, 

than the composites cured in presence of ETUhlgO 

4. CBS/S (I/?, in phr) cured composite 

thermal stability and swelling resistance in toluene, motor oil and brake fluid. 

5. Of all ClUNBR blend ratios investigated, the SO/SO blend possesses the best 

mechanical properties and swelling resistance in toluene together with high thermal 

stability. 

6. Washed viscose fiber- composite showed comparable mechanical properties with 

PET fiber- composite. While acrylonitrile grafted viscose fiber leads to the lowest 

elongation at break, highest Young’s modulus and good swelling resistance in both 

motor oil and brake fluid. 

possesses the best mechanical properties, 
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