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ABSTRACT

We have studied the blending effects of cis-1, 4-polybutadiene (CBR) and styrene-butadiene rubber at
various blending ratios of 100 : 0, 70 : 30, 50 :50, 30:70, 0:100, and of carbon black ISAF and HAF
at various compounding ratios of 45 PHR, 55 PHR, 65 PHR, for tyre tread rubber.

The results obtained are summerized as follows;

1. For tyre tread rubber, it was found to increased efficiency to use SBR polymer only than to use the
blending ratio CB/SBR=30/70 below. But it was observed that the latter was adapted for the bus or
truck tyre and the former for the passenger tyre.

2. Excellent efficiency was obtained in case of carbon black compounding ratio of 559, and also the
compounding of ISAF made better efficiency than that of HAF.

3. Carbon black was more efficient to SBR than to CB.

4. For the aging ratio, the compounding rubber of NR was the highest, and the ratio was decreased in
order of the compounding rubber of oil-extended SBR or CB polymer only, the compounding rubber of
non oil-extended SBR or CB polymer only, and the blending rubber.
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Buna CB 11 (95% cis 43)

SBR 1502

SBR 1778

NR(RSS #3)
b El&ZES

ZnO

Stearic acid

#

(074

PBN

ISAF

HAF

Sundex790

2—2 EEER
1. BLAFEW

Stero RautschakWerke
Gmbh und Co.

J.S.R
J.S.R
HE

RARE g table 1,235 24,

Table 1 Recipes for tread Rubber

Compounding No.
\ A, A, A, A, A, B B, B, B, B C GC GC C C,
Materials
CB 441 100 70 50 30 Of 100 70 50 30 O 100 70 50 30 O
SBR 1502 0 30 50 70 100 0 30 50 70 100 0 30 50 70 100
Zinc oxide 5 noononoon ” now w u ” A Y
Stearic acid 2 nonoonoon " v o oonoon " "o onoon
Sulfur 2 noon o onoon ” noononoon ” noonoon on
Accelerator CZ 1 noononon " A ” noonoon o
Antioxidant PBN 2 noon o on o " v non " noon on n
Sundex 790 — — — — 5 — - — — 5 — — — — 75
ISAF black 45 v oonoon 55 v on v 65 "o oon o on
Table 2 Recipes for Tread Rubber
compounding No.
\ E. E E, E, E.| F, F, F, F, F;| G, G, G G, G,
materials
Buna CB 11 100 70 50 30 0 100 70 50 30 O 100 70 50 30 0
SBR 1778 0 30 50 70 100 0 30 50 70 100 0 30 50 70 100
Zinc oxide 5 noonoonm ” oo oon o ” non o on
Stearic acid 2 n o on on on ” noonoonon " non oo on
Sulfur 2 n ow owoon ” nvoowonoon " v n on
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Accelerator CZ 1 noon on

Antioxidant PBN 2 noonoon
Sundex 790 5 _- - —
HAF black 45 noon oo
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Table 3 Recipes for tread rubber

M) M2
materials
RSS #3 100 100
Zinc oxide 5 5
Stearic acid 2.5 2.5
Sulfur 3
Accelerato CZ 1 1
Antioxidant PBN 2
Sundex 790 5 5
ISAF black 45 —
HAF black - 45
2 ® £0D02 03 1) 15 16)
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Roll B 52. 3~60°C
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5169 batch & 330~360 gr.
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oil 5} 37 5~7% Atole] Yol& F g} vz, 4
WY 2 B

v) Roll 724 ¢ 1.75~2. 0mm 2 gz Y] carbon
black & 7~107 e Qo] £, A=t #rs], AW
2o & g} BE& ZFE sheet 2 wiulzm 2447 LLE
By A 71 o,
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3—1 Mooney Viscosity & Scorch time test

Mooney viscosity & scorch time & B8 R IFE)
& Viscometer & {HHsIE 2 HEEKEHELS 1201+1°C
ol A /I rotor B (#HA3FY FA 9.5~12. Tmm, EHE
45.5mm 9] KEF REHS B2 FERE

4] HEGHS rotor o} 7] & Die & 5~6kg/cm?®
o Ehoew ¥ EHEAZ F 15H BEAA} ro-
tor 7} {EENSI 5 S switch 2 @3 4 48 BiEHK] dial
gauge o] YElgE viscosity & WAL MNPt Ky
R & ke 9Tz AT #HES RHo
Jojdw) REMEFE 557 Fol A& FEST
FS scorch time o2 HIE 34 ct.

3—2 Hardness test

WEEREy2 JIS Standard Shore A Durometer & £/
she] JESHE

3—8 Tensile Strength, Elongation, Modulus

& Tearing strength test
FUERE, (hRE, MEEN € 5I2EE AR =
= Frank #! Schopper Machine - {fF3slgx F5EE
EEE 500+25mm/min 2 ¥4 om FIRBE RABRAS
15EE1S, 526RE XA BRlce A2 Ak HE
55
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3—4 Abrasion test

BEEERES o [ im Akron B ERESLEAISS (HSHR
. RERe 2o #4570 Omm, pygas 57020

3e0EEme 2 AY =A4FA.
3—b5 Aging test

RS BB Geer Aging Tester & {Ff3}

+0.30 . i PN lrC A o AN 4T WE A9,
mm, 7 6_0. oo™m oo AR 108, 7ME 6Lbs,
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Table 4 Physical properties

. . 0 . .
P perty [sooneMooney | Hardness | pE | Nodahs | Flongation | srensis | “son
i F\S/yISl-*"‘i MV i Sunit i after (kg/c'n;ger <kg /C!nz:;zer - | after T}"p‘e,l?g:fif:: ?il;;n-
Compo;z;c.hng \| 20> | 120°C, min [Initial } aging M2l | aging Initial {1 o [linital faging Initial aging (c¢)
A, 100/0] 20 | 28| 25| 600 64 109 103 63 —| 408 280| 411 34/ 0.038
A, CBu1100/31] 25 | 41| 357 66 70| 149 110, 88 —| 425 212 36 27 0.045
A, 50/50| 26 38| 20" 66 72| 166 120| 8L 4750 2781 39, 30| 0.059
A, shrisoe 30/70( 23 | 33| 157 68 72 169 153 8% —| 438 250 48 39 0.055
A, 0/100( 18.5| 611 157| 59 64| 169, 158 69 101) 550 417| 69 52/ 0.042
B, 100/0{ 27 23| 15”| 66, 68 138 83 — 425 279, 33 25 0. 041
B, ' 70/30] 20.5 35 107 70 75 160} 124 128 —| 350, 183 54 36/ 0.056
B, / 250/50{ 30 | 36| 15| 72 76 167 1100 1170 —| 363 154/ 52 44 0.057
B, SBRI2 307700 30 | 36/ 357 75 78 181 159 154 —| 342 187 51 40| 0.053
B, 0/100( 26 | 55| 157 70, 76 215 197 113 —| 475 250 54] 49 0.043
C, CBs1 100/0 32 200 47| 64 70| 160 134 125 —| 361 225 36 24 0.07
C, / 70/30] 36.5 30| 407 74 81 161 151 1100 —| 325 175 39 32 0.050
C; $Briscz 50750, 37 30 107 73 79| 1620 144/ 1490 —| 325 175 50; 38 0.067
C. 30/70{ 36 | 31| 087, 74 82 182 153 171, —| 308 167| 48 30| 0.067
Cs 0/100, 28 | 57| 307 70, 76 186 192 114 —| 467 2500 59 44/ 0.026
E, 100/0| 13 | 34| 007 65 69 84 65 8 —| 308 175 48 33 0.042
E. 7oz 21 | s 18] er 72 16 99 104 318 175 33 22 0.068
E, 50/50 18 35| 207 65 70 1s2f 109 105 —| 367 191 38 33 0.066
E,CBRUTS 30/70 14 | 26/ 05| 6l 67 146 113 93 —| 408 200 38 24 0 050
E°® 0/100, 10.5 22/ 30| 60 66 167 132 84 475, 233 45 30| 0.046
F, 100/0] 33 | 25| 15| 70, 74 123 110, 117, —| 308 203 50} 35 0.030
F, O 7030 33 | 23] 357 71 76 156 144 128 —| 325 194 40i 28] 0.056
F, 50/500 26 | 27| 107 71 74 165 126 1500 —| 330; 204/ 37 38} 0.059
F,SBRITB 30/70) 21 | 25| 057 69 72 151 143 1070 —| 388 206 45! 33 0.053
F, o/100| 16 | 25" 107 65 71 168 140, 109 —| 400; 206| 37 29 0.035
G, ©CBu 100/0, 39 | 25 35| 67 68 123 114 105 —| 313 217 52 36 0.043
G: 70/30, 41 19| 1570 700 72| 157} 149 —  —| 288} 188 43 30/ 0.060
G, hrums 50/500 34 | 18| 1s7| 70, 72) 157 137 — —| 256 183 43 32/ 0.064
G, 30/70] 28 221 30" 69, 70| 155 145 — @— 300 192  40; 34/ 0.041
G, 0/1000 21 | 26| 457| 67, 68 187 166 148 —| 3690 =200{ 450 30/ 0.043
M, NR 11 16| 107 68 70| 235 114 113 —| 508 259 99 54| 0.057
M, NR 8 12/ 457 68 70| 234 146 1220 —| 5000 292| 106; 60 0.055

4—1 CB &! SBR o] #2280 {kst Gl 41072 Mooney
Viscosity 2} Mooney Scorch time 1}2] BR{®R
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Fig. 1, Comparson of the money Viscosity and
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Fig. 3 Comparison of the hardness(CB-SBR blend)
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Fig.5. Comparision of the hardness(CB-SBR blend)
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Fig. 7. Comparision of the hardness(CB-SBR blend)
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Fig. 4. Comparision of the hardness(CB-SBR blend)

90
[ ® finitial Ei~Es
Q 80( X After aging
&
£
x
< 0t x
8 X
12 /__’\'\
o °
T 60 »
50
103 70 50 30 0 CBi1
0 B 50 7o 100 SBR1778

Blending ratio

Fig.6. Comparision of the hardness(CB-SBR blend)
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Fig. 11. Comparision of the tensile strength and
modulus at 300%
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Fig. 13. Comparision of the tensile strength and
modulus at 300% (CB-SBR blend)
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Fig. 15. Comparision of the elongation (CB-SBR
blend)
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Fig. 14. Comparision of the tensile strength
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Fig. 19. Comparision of the elongation (CB-SBR
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Fig.21. Comparision of the tearing strength

(CB-SBR blend)
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Fig. 18. Comparision of the elongation (CB-SBR
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Fig.20. Comparision of the elongation (CB-SBR
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Fig.23. Comparision of the tearing strength
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Fig. 25. Comparision of the tearing strength
(CB-SBR blend)
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Fig. 24. Comparision of the tearing strength
(CB-SBR blend)
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Fig.26. Comparision of the tearing strength
(CB-SBR blend)
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