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ABSTRACT : Low temperature retraction characteristics were investigated on the cured natural
rubber with various ratios of crosslinking agents, filler and additives. The cured natural rubber
product was elongated about 200% at -40°C for 24 hours and then retracted. In a definite range,
the retraction was increased as the sulfur to accelerator ratio increased and as the filler
contents decreased. The retraction was maximum for a definite range of amount of accelerators,
plasticizer and activator. Adding some peroxide additively retraction characteristics improved and
curing time got longer.
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Table 1. Recipe of Rubber Compound

Ingredients Loading
Rubber base 100
Crosslinking agent variable

Filler variable
Accelerators variable
Activator variable
Plasticizers variable
Antioxidant 3.0
Paraffin wax 0.5
Stearic acid 15
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@ Notch mark @ Cord

® Control ® Thermometer
@ Sample Balance weight

@ Temperature controller (@ Freezer

Fig. 1. The test system of low temperature-
retraction.
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Fig. 2. Retraction after various expansions of

sample A and B.

I Zat ¢ 23
M2 =580 25, US| 2

NRS Tge ¢ -50~-60CAZelch et
olo] ZHI EZ oA 150% ©1F A" A
de &2 F27t % Wgo T wddA =
I AT At FobA & ¥ FA dX
o WzA dojuA o .J--r"ér/“ A
.o ol sty Yt AP FHES
Bolg AgE AA AFsto 1&%1 ot
AL 3Ego H3lE YolBe HAHE 3149
ol &g Bo| BojAe AFY A&
v R olBA 2%, AAE 13 IE
& AZIAC &3 BAE FsAH. ol o
3 Ay ARE Fig. 29 Table 291 Yl
o}.

Fig. 29] Av Table 29 wi@ulz A3 A
52E o83y AFAES ®HIAA old wWE
AL 3EEE 47 JERd FHoln By AL
3 Ego] F2 R AFE A4¥H Aot
AREE 170~215%74A WEAA 10 @&
3E g Walel x4 wWE WHIE FA9
el Tk A AFE Ase A9 -40Te
A 170% AAAZ L o= oF 80%7tA FE
&% By 17 A4S FAIeY AFES

it e rkfl

H

o A7 305

Table 2. The Properties of NR Compound as a
Function of Expansion Ratio

Expansion (%) 170 | 185 [ 200 | 215 | 235

Retraction (%) 80 64 35 12 6

NR : 100, S : 2.2, St-acid : 1.5, ZnO : 2, TP-95 : 5,
Acc. : 1.6, Filler : 3
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Table 3. The Properties of NR Compound as a
Function of Sulfur

S (phr) 10 (1518|2022 )25]27

Retraction(%)| 27 | 35 | 31 | 71 { 75 | 86 | 85
Tensile

strength | 190 | 251 | 256 | 305 | 293 | 310 | 310
(kg/cm?)
Extension | o 1 720 | 680 | 610 | 700 | 620 | 680
ratio (%)

NR 100, Stacd : 15, ZnO - 2

TP-95 : 5, Acc. : 16

100

01 25

2.7 phr

22 phr
41  20phr

1.5 phr
] 18phr
1.0 phr

Recovery (%)
8 & 8 8 3 8
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. Retraction with temperature on the var-
ious sulfur contents.
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Table 4, The Properties of NR Compound as a
Function of Filler

MgCOs (phr) 0 1 3 5 1015

Retraction (%) 8 | 75| 15| 8 8 6
Tensile strength

(kafemd 310 | 310 | 300 | 339 | 337 ¢ 348
Hardness
(Shore A) 41 1 43 | 44 | 45 | 46 | 47

NR : 100, S:22, St-acid: 15 ZnO: 2,

TP-95 : 5 Acc : 16

Recovery (%)

Temperature (°C)

Fig. 4. Retraction with temperature on the var-
ious filler contents.
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Table 5. The Properties of NR Compound as a
Function of 3M

3M (phr) 0 25 | 50 | 75
Retraction (%) | 75 83 83 | 8
Tensile strength |- )0 1 950 | 297 | 258
(kg/cmd)

Extension ratio
(%)
TAY0 6:42 7:29 8:37 10:11
NR : 100, S: 2.2, St-acid: 15, ZnO: 2,
TP-95 : 5 Acc: L6

710 620 650 600

-40 -30 20
Temperature (°C)

Fig. 5. Retraction with temperature on the var-
ious 3M contents.
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Table 6. The Properties of NR Compound as a
Function of ZnO

ZnO (phr) 0]1 213157

Retraction (%) 3331887979
Tensile strength
(kg/cm®)
Extension ratio (%)| 590 } 650 | 650 | 630 | 670 | 600
NR : 100, S: 22, St-acid : 15, TP-95: 5,
Acc. : 1.6

181 | 185 | 297 | 327 | 330 | 310
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Fig. 6. Retraction with temperature on the var-

ious ZnO contents.
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Table 7. The Properties as a Function of TP-

95
TP-95 (phr) 0 25 5 75
Retraction (%) 79 77 82 67
Te“s(tz /ngf)“gm o214 | 200 | 303 | 285
E“e“i“jl)‘ o | eso | seo | 580 | s30

NR : 100, S: 22, 3M:5, St-acid: 15,
ZnO : 2, Acc. : 1.6
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Fig. 7. Retraction with temperature on the var-
ious TP-95 contents.

Table 8. The Properties of NR Compound as a
Function of DOA

DOA (phr) 0 25 5 75
Retraction %) | 79 | 73 | 72 | 73
Tensile strength
4 1
o o4 | 301 | 280 | 2m
E"te“i‘j’)’ ratio | g0 | 610 | 600 | 580
0,

NR : 100, $:22 3M:5 St-acd : 1.5,
Zn0 : 2, Acc. : 1.6

Recovery (%)

70

60 ™
-30

-20
Temperature (°C)

Fig. 8. Retraction with temperature on the var-
ious DOA contents.
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Table 9. The Properties of NR Compound as a
Function of Accelerator

DM 0.1 0.3 05 0.7

Cz 0.5 0.8 10 1.2

D (phr)| 0.3 0.5 0.7 0.9
Retraction (%) 72 83 83 84

Tag0 9:56 7:17 5:01 3:54

NR : 100, S:22 3M:5, St-acd: 15
Zn0 : 2, TP-95:5

$
e
['4

Temperature (°C)

Fig. 9. Retraction with temperature on the var-
ious accelerator contents; MBTS:CBS:
DPG = 0.1:0.5:0.3(x1), 0.3:0.8:0.5(x2),
05:1.0:0.7(3), 0.7:1.2:0904).
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