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of oil-resistant NBR or ENR.
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MATERIALS AND METHODS
Materials:
" Natural rubber(NR), nitrile rubber(NBR) and epoxidised natural rubber(ENR) were

used for this study. The characteristics of these rubbers were summarized in Table 1. All the
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ingredients used in the rubber formulations were commercial grade and were used without
purification. The peroxide used was dicumyl peroxide(Di-Cup) which was vacuum dried at
room temperature for at least 24h before being used. Test liquids used for swelling action of
rubber vulcanisates were commercial grade except standard reference liquids and oils. The
characteristics of these standard liquids were shown in Table 2.

Mixing procedure:

pressure of 10
@allace curometer maé

¢ edv%
oﬁ id4 Exposure
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4---“...,..—--1— rfie 16 minedqising the ISO 37

el 1026) w1th C s ed 0£400mm/min and Zwick
H w ﬁv e separation in rubber

blends were characterised byma,differential.scanning 0 (DSC). The DSC used was

the DuPont Thermal Analyser model 99 ating rate 10°C/min, sensitivity setting of
0.1 over the temperature range —100°C to 60°C
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RESULTS AND DISCUSSION

Effect of compounding on the oil-resistance properties of NR vulcanisates

Effect of crosslink type:

The crosslink dens 5 ' ate djusted to the same level and
igs. Three different
conventional

Effect of types of accelerator:

It will be seen from Table 8 that difference accelerators gave rubber vulcanisates
exhibited different percent volume change in a given liquids. The improvement that was obtained
by changing the accelerator type, however, was not sufficiently great as to be useful as the mean
to improve the oil-resistance of NR. The differences between the largest and the smallest
swelling as a result of varying accelerator types were 74% for liquid A, 126% for liquid B, 3%
for brake fluid, 48% for engine oil and 38% for gear oil. The results obtained might be explained,
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to'the certain extent, by the differences in crosslink density exhibited by the rubber vulcanisates
that were vulcanised by using different accelerators.

Effect of type and amount of fillers:

For both carbon black and silica, it will be observed from Table 9 and Figure 3 that
their inclusion to NR vulcani aused-reduction ercent volume swell in oils, the
n nt o?]‘iﬂeg: pcreasing the quantity of
wﬁﬁffﬂw nisates.imliguid A and liquid B

0-40-50% for 50 phr of fi [efs,, The effect on

due t@fbon k might be
ehrubber and’the ‘carbon black

A brief stud

ight benefit from the inclusi
1 ely much |

1 ph

) vulc dﬁ betLt
: wr( i y parameter (X ) of the
rubbers and brake fluid (ethylene,g ;-L(a)- g olubility parameter between NR
(X = 16.49-16.62x 103J"2/m3?) "and" ethylene glycol ( X = 29.9x 1073J1/2/m32) is
greater than that between ENR or NBR ( X = 21.28-21.36x 10 ~3J!/2/m3/ 2) and the glycol,

therefore, the swelling of NR vulcanisates were less.
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The improvement of oil-resistance NR vulcanisates

Qil-resistance of filled NR/NBR blends:

The general trend that oil-resistance of the blends increased with increasing NBR

content are shown in Table 11. It is of particular interest to look at the volume swell of blends

oty NI parable level of swelling was
20/80 NR/NBR b ﬁ liftg Ofceater than 20%.

re of 1 ) 16
iJore Tiysica roper@p illédiNR /NBR
d results are presented in Tabl 1l be obsered that

er in properties (o the individual rubber {}

€ percent volume
The swelling be

form two separate phases. Incompatibility

between the two rubbers is a disadvantage and make
poor oil-resistance properties, including physical properties of blend. Further study is required
in order to improve the compatibility of rubber blends using a compatibilising agent.
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CONCLUSION

The experimental results indicated that chemical structure of rubber was the deter-
mining factor for oil-resistance properties. Thus, NBR and ENR are oil-resistant but NR was
¢ ere not sufficient to modify the oil-resistance

Walter, (
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Table 1. Rubber properties

Rubber Properties ' - Suppliers

Commercial

Stearic acid = . 050 »

Accelerator (MBT) varied »»
S varied »
Cure temperature 150 £ 1°C
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Table 4. Formulations for rubber vulcanisates

Formulation

Material

ZnO )
Stearic acid 2.0
CBS 1.0

S - 3.0
C-black(N330) 40.0
Wingstay-L 2.0
Napthenic oil 5.0
Cure time (°C) 45
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Table 7. Bond energy of different crosslink type

Type of linkage in rubber network Bond energies
(kJ/mol) -

< 268
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Table 9. Volume swell of filled NR vulcanisates in various liquid

% Volume swell (7 days, room temp.)| % Reduction in volume swell

Filler(phr)
Liquid| Liquid| Engine | Gear | Brake| Liquid| Liguid| Engine | Gear
A B oil oil fluid A B oil oil
C-black (N330):
0 2 79 | .1 0 0 0
10 ﬁ 7TU:] : 720 3 0
20 167 1 28 29 8 0
30 41 @ 13
: 9 ' 2 23
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Table 11.  Volume swell of tilled NR/NBR vulcanisates in various quuids

% Volume swell (7 days, room temp.) (7 days, 100°C)
NR : NBR | Liquid| Liquid | Engine | Gear | Brake | 1SO oil ISO oil
A~ B 1 no.!1 no.3 no.l no.3
0 : 100 f 1 4 N L -5 15
20 : 80 11 *2 - 147 |f-3 = 37
30 : 7 14 .3 6 56
40 ; 1, ' J 28 84
: . 1 4 8 73
: 1T ?
: 20 ‘16 4
00:0 | [ 34 24 4 | 3
: !\’\* 7 4
Table prope /4 S ,ﬁ__\", T
< - = -1 :._,,_:“' i
ion
QN'L w7 s k5
,.fi\' ol \
@ 1 0.83 E 0! 27+
20 80 + 0.4 7 £10.1 ; £
:) Q ¥ &% |
. +
6 0(:, Q\ f 13
70 : 606 T us 19
80 : 2 5.% 5 + 20
100 : 0 - éﬁ‘*m ws 0 477 + 15
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Table 13. Percent volume swell of NR/ENR-50 blends in various liquids

0% Volume swell (7 days, room temp.) (7 days, 100°C)
DIl = B Liquid| Liquid | Engine| Gear | Brake | ISO oil ISO oil
A B i 1 i no.1 no.3 | no.l no.3
0 : 100 3TU51 I —38 39
20 : 80 8 4] 03 11 j4 8. 5 72
30 : 7 (' 1 5 3@ 93
40 ; d 3 2 108
60l 40 % 7. 0 49
] 3&} } 7.0%
: 20 ‘50 f 7
00 :0 —-0.4 9 | 2
% 7
i
Table al propi R-50 Tt = .

NR ion
Ql—- - L ak{om)
0y + 42+ 0 Ay 77&~
W70 + £.0 482" &3
odo\ + 0, 0%

X 9 4

: '8, 4 : 495 4 12
80 : Q}i + & + 11
100 : 0 of 90.83 + ;.5 iﬁ7 40 + 39
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Fig. 2 Effect of crosslink density on the volume swell of NR vulcanisates in various liquids
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liquid A/B X

% Reduction in volume swell

Antioxidant (phr)

Fig. 4 Effect of antioxidant on voiume swell of NR vulcanisates in engme oil at room
temperature and elevated temperature
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60/40

NR/ENR-50
40/60

I 1 1 1 1 1 1 -
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Fig. 6 DSC thermogram of NR/ENR blends
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