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Title Factors Influencing Stress Softening of Synthetic Rubber Vulcanizates
Author Miss Pranee Hruechoo

Miss Angsana Jarong

Program Bachelor of Science

Major Program Rubber and Polymer Technology

Academic year 2003

Advisors Mr.Watcharin ~ Sainumsai
Abstract

Factor influencing the stress softening of synthetic rubber vulcanizates: Styrene
Butadiene Rubber (SBR) and Butadicne Rubber (BR) has been studied. This study involved the
influence of rubbers type, filled and unfilled rubber, fillers type and content, vulcanizing éystem,
and deformation speeds.

It was found that the stress value in natural rubber was higher than those in synthetic
rubber. However, for synthetic rubber the stress value in SBR was higher than that in BR. Stress
softening in filled synthetic rubber was higher than unfilled synthetic rubber. Fillers type and
content have an influence on the stress softening. SBR filled with carbon black (grade N 330)
showed the highest stress value whereas BR filled with silica showed the highest stress value.
Stress softening decreased when filler content increased. Vulcanizing system has an effect on the
stress softening. Sulphur donor vulcanizing system gave stress value higher than those from
cénventional, semi-EV and EV vulcanizing system. Deformation speeds have influence on the
stress softening. In unfilled synthetic rubber, the stress softening decreased when deformation
speeds decreased. In filled synthetic rubbers the stress softening decreased when deformation

speeds increased.
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Quantity (phr)
Ingredients
1 2 3 4 5 6
+ BR-64:50 160 100 160 100 100 100
Zinc Oxide 3 3 3 3 3 3
Stearic acid 2 2 2 2 2 2
CBS 0.9 09 0.9 0.9 0.9 0.9
Sulphur 1.5 1.5 1.5 1.5 1.5 1.5
Carbon Black N330 40 - - - - -
Carbon Black N660 - 40 - - - -
Calcium carbonate - P 40 - - -
| Chinaclay - - : 40 - -
Talcum - 7 = - 40 -
Silica - G - 3 - 40
DEG - 5 5 i ~ 2
a919f 3.3 ilauastSinamsniinlflugasosaeunudvesnaeaiiend
Quantity (phr)
Ingredients
1 2 3 4 5 6
SBR 1502 100 100 100 100 100 100
Zinc Oxide 3 3 3 3 3 3
Stearic acid 1 1 1 1 1 1
CBS 1 1 1 1 1 1
Sulphur 1.75 1.75 1.75 1.75 1.75 1.75
Carbon Black N330 40 - - - - -
Carbon Black N660 - 40 - - - -
Calcium carbonate - - 40 - - -
China clay - - - 40 - -
Talcum - - - - 40
Silica - - - - - 40
DEG - - - - - 2
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Quantity (phr)
Ingredients

1 2 3 4 5 6
BROISO - 100 . 100 -100 100 100 100
Zine Oxide 3 3 3 3 3 3
Stearic acid 2 5 2 2 2 2
CBS 0.9 0.9 0.9 0.9 0.9 0.9
Sulphur ‘1.5 Jedy 1.5 1.5 1.5 1.5
Carbon Black N330 0 10 20 30 40 50

d' a o oo 9/ o =1 o
13191 3.5 ‘lf‘uﬂLlazﬂiu1mﬁ1ikﬂ1}‘ﬂ1%1uq¢\5fJ"I\?ﬂﬂllLﬂ'\uﬂ‘UﬂQﬂNL@ﬁU@Ti
Quantity (phr)
Ingredients

1 2 3 4 5 6
SBR 1502 100 100 100 100 100 100
Zinc Oxide 3 3 3 3 3 3
Stearic acid 1 1 1 1 1 1
CBS 1 1 1 i 1 1
Sulphur 1.75 1.75 1.75 1.75 1.75 1.75
Carbon Black N 330 0 10 20 30 40 50
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BR 0150 100 100 100 100
Zinc Oxide 3 3 3 3
Stearic acid 2 2 2 2
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Sulphur 1.5 0.6 1.2 -
T™TD X e 7 4
Carbon Black N 330 40 40 40 40
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Conventional EV Semi -EV S-donor

SBR 1502 100 100 100 100
Zinc Oxide 3 3 3 3
Stearic acid 1 1 1 1
CBS ] 2.2 1.8

Sulphur 1.75 0.6 1.2 -
T™TD - - - 4
Carbon Black N 330 40 40 40 40
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0 0o | -0023 | 0032 | -0038 | -0.042 | -0.05 | -0.052
- 10 0 -0.005 | -0.048 | -0.048 | -0.023 | -0.018 -0.072
20 0 | -0.047 | 0074 | -0.109 | -0.099 | -0.078 | -0.093
30 0 | -0.104 | -0.125 | -0.146 | -0.163 | -0.187 | -0.205
40 0 | -0044 | 0.129 | -0.143 | -0.147 | -0.201 | -0.288
50 0 | -0235 | -0.246 | -0.266 | -0.339 | -0.381 | -0.518

é N L. Y o =1 = P Y v g v s &
A13199-10 LlﬂﬂQﬂ1ﬂ31ﬂJLﬂuﬁﬂﬂj’[ﬂlﬂ?ﬂﬂ‘ﬂ?J\1ﬂ'TQU@Tiﬂi?fﬁgﬁU'Jaﬁ1"luW13ﬂu HIHN

o Y a o ::
asem ldinamsinglasauisn

ANUA3UA AR (Stress, MPa) iszuumsiaa Tud
(Strain) fuzdudna 6B 1319 s Iimuzau
0 0 0 0 0
0.2 0.558 0.522 0.592 '1.087
0.4 0.871 0.732 0.832 1.702
0.6 1.076 0.888 1.015. 2.113
0.8 1.298 1.072 1.218 2.648
1.0 1.651 1.314 1.568 3.249
0.8 1.022 0.880 0.833 1.760
0.6 0.793 0.661 0.541 1.346
04 0.559 0.508 0.405 1.032
0.2 0.178 0.232 0.167 0.482
0.1 0 0
0.075 0 0




4 1 1 ot Seiq ¥ @ o v s (o
ﬂ'l‘ﬂﬁ‘ﬁ 11 ﬂ311]ﬂ@u?ﬂﬂ31“&5“%@3813U@13ﬁ1‘ﬁ33ﬂﬂfni’Jﬁﬂflu“ﬁ@]’]ﬂﬂuﬂﬁﬂﬁlﬂ’mﬁ’]

a o < o a 1 J=3
YS9 40 phr lagnaaauna57 200 Hadwasaouh

o W o
FEAINIEPRRIIREY S ]

$1UIUTOUNTA (501)

1 2 3 4 5 6 7
seuudwzoulnd | 1.651 | 1.607 | 1.522 | 1.508 | 1.477 | 1.450 | 1.363
52UUDI 1314 | 1228 | 1201 | 1.234 | 1.204 | 1.168 | 1.193
STUUHUDD 1568 | 1.407 | 1.321 | 1.364 | 1.428 | 1.349 | 1.317
sepvansIdmuzeu | 3429 | 3.023 | 2994 | 2.821 | 2.970 | 2.854 | 2.841

a 3y = salg ¥ o o 1 Y ¢ o A
AN 12 ﬂ'liaﬂﬁﬁ‘uf]\iﬂ')TNLﬂu‘lJfNU'N‘UE]']TVﬂ"]ﬁZ‘U‘Uﬂ'ﬁ'Jaﬂ"lvluclfﬂ"lﬁﬂ'llwaﬂlﬂ]ﬂ']ﬂ']ﬂ

a 4 o aa T
U110 40 phr Tenaaouiin21I52 200 HadwAIABLIN

- 3 , FMIUTBUMIAT (SU)
szuumsyan lud
1 2 3 4 5 6 7
syuuiuzoudna 0 -0.044 | -0.129 | -0.143 | -0.174 | -0.201 | -0.288
LUV 0 20.086 | -0.113 | -0.08 | -0.11 | -0.146 | -0.121
LUULHID 0 0.181 | -0.267 | -0.224 | -0.16 | -0.239 | -0.271
ruvms i ey 0 -0.406 | -0.435 | -0.608 | -0.459 | -0.575 | -0.588

A v J 9 = 1 v & A e = &K 0 1Y
A1319N 13 mmaaummmmummmwaﬁ"lnwanmsmmuwamm'ﬂumsmmaﬂu

5?]511%’ﬂuﬂ'ﬁa\‘l il°1museumsﬁa (391)

(e 1 2 3 4 5 6 7 8
20 0561 | 0.528 | 0.528 | 0.528 | 0.515 | 0.508 | 0.495 | 0.489
50 0.605 | 0.598 | 0.585 | 0.578 | 0.578 | 0.572 | 0.565 | 0.558
100 062 | 0599 | 0.597 | 0.590 | 0.589 | 0.578 | 0578 | 0.575
200 065 | 0616 | 0.601 | 0.595 | 0.589 | 0.586 | 0.566 | 0.557
300 0681 | 0628 | 0.61 | 0599 | 0581 | 0586 | 0.566 | 0.557
500 0675 | 067 | 0.637 | 0.627 | 0.621 | 0.600 | 0.583 | 0.558




' ' 1 g ] 4 t o Ao a v Y
9”51\3‘?] 14 ﬂleJ@@Uﬂ’lﬂTUJLﬁ}uéUaﬁfﬂﬁﬂﬂWiWﬁNﬁ]N’]ﬂ’l 40 phr ﬂ@ﬁiqkﬁgiuﬂ1§a\7@1ﬂﬂu

dasusrlumsfe SIUTEUNITAL (501)

(Hiaqmas/Ann) 1 2 3 4 5 6 7 8
20 1.653 1.567 1.494 1.48 1.408 1.398 1.379 1.345
50 1.646 1.531 1.492 1.463 1.448 1.429 1.39 1.371
100 1.427 1.361 1.309 1.281 1.275 1.253 1.203 1.157
200 1.017 0.949 1.929 0.920 0.908 0.905 0.874 0.829
300 0.984 0.942 0.907 0.876 0.866 0.857 0.848 0.842
500 0.966 0.931 0.922 0.872 0.826 0.807 0.785 0.776

1 t Y P ] @ =a @
AI5197 15 LAAIAIAIRUAUAILAS SAY DI TUD AT DTN INHAUEITAAAUUAT HANTITA

=y 1 =% Qs cé Q9 = 5 o,/,
@umariiafiuduna 40 phr Fagnnszi liifanisiagaiasn

. ANWAY (Stress , MPa) Tuaisanau
ANUATOA
A R tRToN! waason | lwivnad | vadu FaAA
(Strain) i
(NIAN330 | (NSANGGO | AITUBIUA
0 0 0 0 0 0 0
0.2 0.757 0.620 0.465 0.379 0.547 0.709
04 1.006 0.971 0.628 0.541 0.747 0.847
0.6 1.241 1.165 0.727 0.652 0.848 0.904
0.8 1.516 1.429 0.817 0.727 0.947 0.970
1.0 1.818 1.696 0.879 0.773 1.017 1.032
0.8 1.028 1.032 0.603 0.589 0.708 0.576
0.6 0.735 0.779 0.469 0.456 0.508 0.403
0.4 0.577 0.644 0.381 0.338 0.400 0.305
0.2 0.239 0.311 0.163 0.142 0.205 0.101
0.1 0 0 0 0
0.05 0 )




1 ' J 3 = ot [l @ v A 1
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a e = < a o t =)
%uﬂﬁﬂsmm 40 phr TagNATOUNAINLT I 200 HARWATABUIN

o £
UIUIOUVNITAY (581D)

YUAYDIATTA AN
1 2 3 4 5 6 7 8

lutiansauay 0.657 | 0653 | 065 | 0.648 | 0.646 | 0.644 | 0.643 | 0.628
WA NASAN330 | 1.818 | 1.605 | 1.605 | 1.553 | 1.510 | 1.493 | 1.486 | 1.476
WIANNTANG6O | 1.696 | 1.465 | 1461 | 1.456 | 1.440 | 1436 | 1420 | 1422
upaoumsUea | 0.766 | 0.765 | 0.746 | 0.737 | 0.732 | 0.710 | 0.595 | 0.503
lninnad 0.773 | 0.702 | 0.700 | 0.698 | 0.676 | 0.673 | 0.671 | 0.657
Nanu 1.017 | 0.866 | 0.847 | 0.845 | 0.832 | 0.826 | 0.816 | 0.810
Fan 1.032 | 0.939 | 0.848 | 0.845 | 0.843 | 0.840 | 0.837 | 0.819

4 ~ ot ' v a @ a '
ﬂ]‘ﬂ\iﬁ 17 ﬂ'liaﬂﬂ\ﬂl't’Nﬂ')'liJl?leUil@\‘lfﬂQkﬂﬁﬂﬂ"ﬁ‘ﬂllllWﬁllﬁ'liGl'Jm?JLLﬁ%ﬁNﬁllﬁ"liﬂ'Jmuﬂ'N

a d e Py ~3 a a 1 =S
¥1iaNUSu1M 40 phr lasnAToUNAINS 200 UADWATADUIN

3 =
ANUIUTBUNIIAY (5OU)

FUAVDIAIIAUAN
1 2 3 4 5 6 7 8

Tsidiesaau 0.657 | 0.653 | 065 | 0648 | 0.646 | 0.644 | 0.643 | 0.628
WA MNSAN330 | 1.818 | 1.605 | 1.605 | 1.553 | 1.510 | 1.493 | 1.486 | 1.476
WINAUNTANG60 | 1.696 | 1.465 | 1.461 | 1.456 | 1.440 | 1.436 | 1420 | 1.422
uaaFsNMSUOIUR | 0.766 | 0.765 | 0.746 | 0.737 | 0.732 | 0.710 | 0.595 | 0.503
lsinnad 0.773 | 0.702 | 0.700 | 0.698 | 0.676 | 0.673 | 0.671 | 0.657
nanu 1.017 | 0.866 | 0.847 | 0.845 | 0832 | 0.826 | 0.816 | 0.810
FAN 1.032 | 0939 | 0.848 | 0.845 | 0.843 | 0.840 | 0.837 | 0.8I9




H ' Y Y =t = P 1o o a
9]1‘51\3“711 18 LLﬁﬂQﬂ1?]3111&1”11!ﬂ‘Uﬂ]TilLﬂiEJWUE‘NEJNL?JG'U@TNGWﬁiJL"’UlﬂﬂMﬂuﬁ]iﬁ’Jmmclu

= 1 o & o Y o o :f’
PSunamamsnudagnnszildinamsragdaiausn

AATHA AMUIA (Stress, MPa) TS 1naianséuiy
{Strain) 0 10 20 30 40 56
0 0 0 0 0 0 0

0.2 0.25 0.388 0481 0.534 0.757 1.207
0.4 043 0.593 0.721 0.770 1.006 1.722
0.6 0.53 0.698 0.927 0.909 1.241 2.219
0.8 0.601 0.818 1.103 1.094 1.516 2.944
1.0 0.657 0914 1.269 1.307 1.818 3.756
0.8 0.537 0.693 0.810 0.861 1.028 1.479
0.6 0.439 1 0539 0.601 0.625 0.735 1.075
0.4 0.352 0.423 0.459 0.519 0.577 0.790
0.2 0.153 0.167 0.175 0.195 0.239 0.385
0.1 0 0 0 0 0 0

3 v ' 3 & 1 o a . Y 4
A15197 19 ANBousIA LYY seades nuaui ludlSinaeeny Taenadeun

a o oa i
A5 200 HadwATABLIN

FUIUTOUMIAL (5O1)
USuauvsing (phr)
1 2 3 4 5 6 7 8
0 0657 | 0653 | 065 | 0.648 | 0.646 | 0.644 | 0.643 | 0.628
10 0914 | 0880 | 0874 | 0.862 | 0.867 | 0.858 | 0.845 | 0.858
20 1269 | 1.178 | 1.138 | 1.163 | L.161 | 1.145 | 1.140 | 1.204
30 1307 | 1211 | 1.196 | 1.191 | 1.149 | 1.149 | 1.122 | 1.116
40 1818 | 1.605 | 1.605 | 1.553 | 1.510 | 1.493 | 1486 | 1.476
50 3756 | 2741 | 2717 | 2.695 | 2.687 | 2.686 | 2.680 | 2.637




Y v =} o A Voo =y 1 o
ﬂ]i%i?l 20 fnﬁaﬂa\‘]"Uﬂ\‘lﬂ'3111LﬂuﬂJ@QUWQL'ﬂﬁU915‘VlNﬁ‘JJHliﬂﬂ'ﬂHﬂilﬂﬂ&ﬁ"Nﬂﬂ Iﬂﬂ"ﬂﬂﬁ@ﬂ

- < a a 1 =
NAAULTI 200 HAUUATADUIN

USurauvig $1IUTOUMIAL (50D)
(phr) 1 2 3 4 5 6 7
0 0 -0.004 | -0.007 | -0.009 | -0.011 | -0.013 | -0.014
10 0 -0.034 | -0.04 | -0.052 | -0.047 | -0.056 | -0.069
20 0 -0.091 | -0.131 { -0.106 | -0.108 | -0.124 | -0.129
30 0 -0.096 | -0.111 | -0.116 | -0.158 | -0.158 | -0.185
40 0 -0.213 | -0.213 | -0.265 | -0.308 | -0.325 | -0.332
50 0 -1.015 1 -1.039 | -1.061 | -1.069 | -1.07 -1.076

- 1 Y o ) =) g Y o o v o R
131941 21 Llﬁﬂ\‘iﬂWﬂ'J'I?JLﬂuﬂ‘Uﬂ'ﬂﬁJLﬂ5Uﬂﬂl@@ﬂ]ﬂi@ﬁﬂﬂTﬁﬂi%ﬁx‘U‘U']aﬂ'lllu“lfﬁnaﬂu PYIND

3 Y a o :/’
nszildifansiiaglasausn

ANUATIA AR (Stress, MPa) sz uums Tam lud
(Strain) fuzdulnd G 13097 s ey
0 0 0 0 0
0.2 0.757 0.559 0.846 & 0.880
04 1.006 0.808 1.141 1.218
0.6 1.241 0.950 1.309 1.542
0.8 1.516 1.104 1.559 1.905
1.0 1.818 1.297 1.912 2.418
0.8 1.028 0.703 0.968 1.342
0.6 0.735 0.475 0.708 0.937
0.4 0.577 0.340 0.548 0.729
02 0.239 0.117 0.294 0.320
0.175 0
0.15 0
0.05 0 0




% 1 1 9 ==t o q} gt ar 1 o P
GﬂiNﬁ 22 mmaaummmmummsmamjmiﬁ1%5$UUﬂ13aam"lucnmaﬂuwﬁmmmmw

= - < s oa ] A
/5119 40 phr TagnadouNANWII 200 HaAATABUM

v FIUTOVMSAL (381)
SN Iaa T T
1 2 3 4 5 6 7 8
szuufmeduln@ | 1.818 | 1.605 | 1.605 | 1.553 | 1.510 | 1.493 | 1.486 | 1.476
 TANILE 1297 | 1.145 | 1.145 | 1.010 | 1.051 | 1.057 | 1.057 | 1.036
FTUUHDI 1912 | 1627 | 1672 | 1.735 | 1.769 | 1.624 | 1.520 | 1.619
syymsIdfwztu | 2418 | 2315 | 2121 | 2.089 | 2.116 | 2.062 | 2.054 | 1.995

4 = ot [ o1 @ Vo A
msnﬁ 23 ﬂ’li’dﬂﬁﬁ‘ufNﬂ'J']iJli?]’u‘UFNEJNL’f]’d“lj?3151"1‘11%52‘,‘]_!‘Uﬂ'l’i’Jﬁﬂi'lu"lfﬂ'l\‘iﬂ’l«!NﬁiJLiliJ’lﬂWW

= i 4 oA [l =
USunat 40 phr TaonaaeuNAING 2 200 VaaATABUIN

5 ., $wauseun1she (sou)
sruunIYant lu
2 3 4 5 6 7
sTUVMNEOULNA 0 0213 | -0.213.| -0.265 | -0.308 | -0.325 | -0.332
S TANIGE] 0 20.152| -0.152 | -0.287 | -0.246 | -0.24 | -0.24
FTUUHND ) 0 024 | 0285 | -0.177 | -0.222 | -0.288 | -0.392
seuuas Iz du 0 20.103 | -0.297 | -0.329 | -0.302 | -0.356 | -0.364

4 [ 1 P= T v A Ao =4 1 o
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ga3152lunsAs $TBUMIAY (501)
Gladmas/un) 1 2 3 4 5 6 7 8
20 0629 | 0619 | 0606 | 0603 | 0.6 | 059 | 0.587 | 0.58
50 0599 | 0589 | 0582 | 0576 | 0.569 | 0563 | 0.556 | 0.549
100 0.646 | 0623 | 0.623 | 0.616 | 0.613 | 0.606 | 0.602 | 0.586
200 0654 | 0641 | 0634 | 0628 | 0.621 | 0.618 | 0.609 | 0.605
300 0672 | 0658 | 0.638 | 0.638 | 0.638 | 0.638 | 0.624 | 0.624
500 0.659 | 0.642 | 0.635 | 0.632 | 0.622 | 0.616 | 0.606 | 0.599




4 1 ‘ = 4 1o Ao =4 ' [
A13190 25 ANIUE I UMANUIRLTIINUDATI DS HENIVIIAT 40 phr DR 1521113 RE AT

é’mr'in{ﬁﬂumiﬁ& S useumsAe (Gav)

@inawnT /i) 1 2 3 4 5 6 7 8
20 1442 R 17378 17324 17305 17232 1722 7185
50 1.761 1.613 1.568 1.555 1.526 1.513 1.426 1.41
100 1.732 1.636 1.543 1.534 1.492 1.476 1.463 1.447
200 2.052 1.83 1.727 1.686 1.663 1.625 1.6 1.536
300 1.68 1.649 1.578 1.492 1.479 1.457 1.438 1.428
500 1.71 1.566 1.464 1.425 1.369 1.364 1.349 1.326




