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TR, IRBRSEEE, 15 0.5 h. HPARERIEHLERAL,
A2k WRE 145°C, K77 100 MPa AL, Bt 45
min. SRJEH R WBLE A A H, AT R K.

S FH G T RS BC 7 VR E T8 RORHIR G T2 %
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332 RO BEE AT SIBR )75 ) 2=tk RE Y
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IR LR IR B S EBR T X SIBR W) HE ML I it 77
Asgm Ak, Xt =TIk RV Bh A 77 2 Re R A R AR
SO, ] 2 AN TR R M il B & BN 78 SIBR ()
HES IR . BB R, SOR ORIk B S
AN 0.2% 1.0%- 2.4%F1 4.1%H, 0°C X N tand
3515 0.5603. 0.3929. 0.3000. 0.2447, 60°C X M [¥]
tand7r N 0.1170. 0.1124. 0.1404. 0.1474. 7 #rwf
A, MBS ERUDE, 78 SIBR B HGBRIB)
A1 Re. (BBEE R LR B S = s o, ey
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3.4.1  YyEEIHUI: AR

B BB 78 i SIBR AR R 56 A [FI FL V7 i 14
HEMUBRME BERE WK 3. B3R 3 ATLLEH, A
ANFEHER G SIBR 431 F A0 T80 A i sh e/,
FEMR IR B SR EAE 55 = 5, HEWrRE T 17
MPa, 300% €158 KT 8.5 MPa, AIXHHK R AT
450%, & TUFE bR A2 M BE R0 AR X A T R ) R

1.0 q
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tans

IR, 60°C tanSIEHZHT 15, FNPH 78 #7H K, B2 AEZE IO B & B SIBR HIBIAS J1 3 M Rk K
£ 1 AIF St A Ip iSO SIBR HUBRTE BE 152 0
St Ip
Mass fraction (%) 20 25 30 20 30 40 50
Shore A hardness 60 64 76 70 76 76 74
Tear strength (MPa) 36 34 33 34 31 34 31
Permanent set (%) 14 12 15 22 18 20 21
Modulus at 300% (MPa) 9.5 10.7 12.9 10.8 10.9 11.2 10.5
Tensile strength (MPa) 17.0 20.1 20.3 19.4 21.5 21.6 21.4
Elongation at break (%) 502 479 449 536 495 514 534
£ 2 StEHEX SIBR HUMMERE R0
Mass fraction of St microblock (%) 0.3 1.0 2.4 4.1
Shore A hardness 62 60 62 64
Tear strength (MPa) 37 35 37 37
Permanent set (%) 10 19 14 16
Modulus at 300 (MPa) 9.7 8.5 8.3 8.8
Tensile strength (MPa) 18.0 17.6 16.5 15.7
Elongation at break (%) 485 534 511 530
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#3 R RBH RIS SIBR AL RS

Sample number

Mechanical properties

Performance index Test method

1# 2# 3# 4# S#
Molecular weight (x 10%) 24.1 23.8 23.5 22.5 23.7 23.0 GPC
Coupling efficiency (%) 63.4 68.2 69.5 63.7 66.8 > 60 GPC
MM, 1.52 1.46 1.50 1.54 1.49 - GPC
Mooney viscosity 51 54 60 56 52 55+5 GB/T1232.1-2000
Gross rubber mooney viscosity 64 71 69 67 69 <90 GB/T1232.1-2000
Shore A hardness 60 60 60 60 60 - -
Tear strength (MPa) 35 34 35 34 36 >30 -
Permanent set (%) 19 15 15 13 14 - -
Modulus at 300% (MPa) 8.5 9.3 8.8 9.5 9.5 >8.5 GB/T 8656-1998
Tensile strength (MPa) 17.6 17.9 18.1 18 17.2 >17.0 ASTM IRB No.7
Elongation at break (%) 530 518 520 510 512 >450 GB/T 528-1998

A R B RE.

342 WA R h AT FRE

SIBR WM M B IeiR %, KO R — Mg
Ry, T IR AT 1,4- [ 1,4-F1 1,2-458, 5%
TR 1,4-1 X 1L4-y ] 3.4-F1 R 1,2-45 . iEY
M) 1,2-85K9F0 3.4-85 1 1) 5INPT m R 1) T, 3RA%
CEATEREAL R AN, Bl T HOU 45 A 0 SRR T e
EHWONEERER, HLS T ™ iEH. % 4 2
AN E BB R AL 78 i SIBR A RE S AR MO &5 44
P FE AT A IR B DA S B3 D) 2 Re B . H R 4 B0
Al PVE W, ik Fe il SIBR A S S ER R T =
WL 1,2- A LRI i son s R oL 1,2-,
3.4-FAE T LM SR IL &8N T 30%~
32% 18], BEIEAIEAR EEAN T -37~—40C 2 ], B
HRIFFGE M MR, H£ 8 0C tand KT 0.35,
60°C tand fE/NTF 0.12, BUFH-PH T HUig s AR
)2 R JE, BA RS 1R

T A R R 4 T R A RO S
PRI RE B J7 2 M R 10 20 A R AE 5040 7T LAk
B, 7oyl SIBR #l4% T2 faE vl 5, KA
FE B A — YRR, B A R A A ) SR A

35 FCuIHR R B A

99T W FOM B L A, BATEEV T R 5 A
13 BAMEL T (R 5), J0 SRR A BRI
PEREHEAT T 1.
351 IR

(1) TURBE IR s BRI R B
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JEFATELIE WK 6. I1Jersith S H0Ux i 7 AR B D T4
REfIAL 25, 180 F1 190 JNTE SR EINIAZ T, N 73 80%
F190% Bt 75 (IR [8], I 5 505 B 2 v [ V3 B 2R i A &
FREZE a 25107 S W b in A BE I IF IR . 2 F7 st iy
LA A R EREUN TN E S, AE
R, BRI T A v A E R OK, PR A B
/N, EFR AT, SIBR L5 (1B 26 3 b SSBR Bt 7 &,
BIVEF R R B A BRI N, R 6 I,
SIBR fit J5 Lt Z-1 fie 77 1) A fEL BN, Btk sr ok, (HBE
RN R B BE N, A [EZEE R, RGFE
HHECAR TR, REREEOR, BRH AR A M IC 2 AN
[EREINEER

() eI RGBT E 21]
JeFEe i dE Wk 7. R R BRI T, e EE
BB BAR S G T S ANTTJE 3B BT i
&), RO ygERenta) 5, MKl e ®EE LT 35 A
I TJEZHEEAE A A 135, BRALTEELAB0 = 35 — £5.
R AL SRR, FH SRR, FL Rk
HHE, 110 F/R 4 F = FL + 0.1(FH — FL)I B )
I 18], 190 %78 F = FL + 0.9(FH — FL)I X Bz [ I 18] 251
FIR F = FL + 0.1 By X R ES H]. Vel RAFRALIE L,
HAE A Vel = 100/(190 — s1)

Eb 3 AT %0, SIBR Bt /7 [1)JE 3 5 b SSBR Bt /7 £ k5
BFIE)AE . B AL FE TR, (ERE K S0 3038 m, R
10T B RS, AR RN, Z-6 AR B
TR 4 5 Z-1 Be 5 A0, Bifbid Ry e,

3.52  BiAbRRRTE

(1) HUBRMERE: 7 RN BE WLZR 8. SIBR H
AR B ) Z-2 5 SSBR By Z-1 A bL, FkHRI



HERE Y 20144 44 11
R4 AFHRRIR SIBR MRS B2 T2 RE
No. 1# 2# 3# 4# S#
St (Wt%) 21.2 20.9 214 214 20.9
1,2-PB (wt%) 16.7 16.5 16.9 16.4 16.5
1,4-PB (wt%) 242 24.8 242 24.4 24.6
1,4-PI (Wt%) 22.6 22.8 22.1 23.0 22.9
3,4-PI (Wt%) 15.2 15.1 15.3 14.9 15.1
Side group content (Wt%) 31.9 31.6 322 31.3 30.6
tans (0°C) 0.3929 0.3984 0.4092 0.4016 0.4004
tans (60°C) 0.1124 0.1159 0.1158 0.1093 0.1131
T, (C) -39.40 -39.69 -37.93 -38.40 -38.91
&5 SIBR A A 5 M ARG i BN e 75
Raw materials Z-1 Z-2 Z-3 Z-4 Z-5 Z-6
SIBR - 125 125 125 125 125
SSBR5025-1 137.5 - - - - -
N234 80 80 60 40 20 -
White carbon black - - 20 40 60 80
Si-69 - - 1.6 32 4.8 6.4
Accelerating agent D - - 0.4 0.6 1 1.5
Aromatic oil 10 10 10 10 10
K6 RIFBRITER M TS A
Item Z-1 Z-2 Z-3 Z-4 Z-5 Z7-6
Mooney viscosity/ML1+4,100°C 70 83 83 86 89 91
Moony relaxation
180 (s) 7 6 6 6 6 6
190 (s) 10 9 9 9 9 9
Intercept (K) 64.7 76.0 75.9 78.6 81.8 83.7
Slope (a) -1.0 -1.2 -1.2 -1.0 -1.1 -1.0
A 309.8 234.1 233.8 376.3 311.2 400.7
RT ORI e MR
Item Z-1 Z-2 Z-3 Z-4 Z-5 Z-6
Moony scorch t5 (min) 46 31 27 33 35 45
120C 135 (min) 55 38 38 46 59 81
A#30 (min) 9 7 11 13 24 36
ML (N m) 0.620 0.650 0.640 0.685 0.785 1.100
MH (N m) 1.435 1.655 1.710 1.640 1.850 2.625
Vulkameter ts1 (min) 9.5 6.5 5.4 5.3 4.7 4.9
150C 10 (min) 9.3 6.5 55 53 4.8 5.5
90 (min) 24.1 11.6 12.8 15.6 16.6 27.2
Vel 7 20 14 10 8 4

BOK, B € HNE A7 58 56 B I [ Ak SR, T
et BER 4. SIBR B /7 iR N FR BB s, BRI A
IAERAR, (EHRORHERE . e AT FoffomE .
i RS AR RE TR AR A Bk, JUHAE B R R IR
FREGEE 30 43 LU)E, XAESE IR, mlcds

R A ARRE R, SR 2B/ A w25t
FhE, Bt R B E, HER A EEL &S
FE AN TR IEAT, B vl PR .

(2) BB K: WA REIE WK 9. LR AT 5N,
SIBR e /7 Wi e L H AR sh 451 ¥ b SSBR AL /7 1
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%, B ER B IO Brsgn, Wahi gkt — DR

(3) T EEYE. PriBdE e VMI % A i B An r in
WHRBLE 10. ELEAT A, LA 5T, B
T SIBR M FEERAK, MR L SSBR 4F;
SIBR Pt 77 FIHTIRIg R 38 T SSBR AL /5. 7K FB-
R IT IR, B8 R 2 5 4 B0, SIBR Rk 5%
AR 72, BUiHE VERR AR L, A R JRTC 7 (1 B 4 AN
P AL

4 g

f£ SIBR LR, BER LGS HENEZ,
300% 5 i 35 B2 Ak W7 95 B2 3900, AF G R 3R B
FER OGS BMFERITE LT, BRI kW7o
300% & fift 37 B 5 1 — 4 & AU AR AL AN R
IR BOS B/ T 1%, SIBR B RAF LR &1

#£8 A IHUIERE @

fE, B 2K S B A = 138 N, 300% 52 50 |
HEWrsREE . 0°C tandfl FF%, 60°C tanofE ff=; SIBR
R BOR AR 7= B R AF i As e v, Lk b o B 5 ik
17 MPa, 300% & {# 38 KT 8.5 MPa, FHXHHiH 2K
T 450%, B AR E N T-37~—40°C 2 [H, 0°C
tanSfH KT 0.35, 60°C tansfE/NT 0.12, HBlf- 3Pl
T HUR YRR S ) 2 M7 I, % T RE FE AR
P35 JE v T R e A X B T MRS ) BRI X TS
SIBR M52 N THF 9T, SIBR Bt 775 SSBR Mt /7 #H Lk
FORBAT NEIE, BiAGEBERLR, SRR Y, B
BlARR AP T M e 1 T BT AR B )
WA E PN VMI RGN R B, Z RN T R T
Jie () S F C 77 HR Sh B R IS, Pisig ey, B
MRHIZETERE; 78 SIBR B A RS S, bE
R SR BC T I3, 2R R, RN ERID, P
WA R, AR W B AGE.

Item Z-1 Z-2 Z-3 Z-4 Z-5 Z-6
Shore A hardness 68 72 72 69 74 77
Modulus at 300% (MPa) 8.33 9.31 8.08 8.18 7.82 9.23
Tensile strength (MPa) 17.2 17.2 154 13.3 11.7 16.0
Elongation at break (%) 601 573 559 429 437 506
Permanent set (%) 27 25 27 20 22 27
Tear strength (MPa) 36 45 48 49 50 46
Rebound resilience (%) 8 15 16 17 18 18

a) BRAL%Mt: 2-1, 150°C x 40 min; Z-2, Z-3, 150°C  x 25 min; Z-4, Z-5, 150°C x 30 min; Z-6, 150°C x 45 min

£ 9 ik DUNLOP Bahifik

Item Z-1 Z-2 Z-3 Z-4 Z-5 Z-6

Rolling loss (J/rev) 3.64 2.72 2.66 2.46 2.06 1.56
Dynamic deformation (mm) 1.78 1.48 1.47 1.15 1.06 1.03
Rubber temperature ('C) 53.5 49.6 48 45.7 42 38.7

a) Bkt Z-1,150°C x 50 min; Z-2,Z-3, 150°C x 35 min; Z-4,Z-5, 150°C x 40 min; Z-6, 150°C x 55 min

10 UL B TERGREEE ¥

Item Z-1 Z-2 Z-3 Z-4 Z-5 Z-6
Wear volume per thousand (g/km) 0.302 0.289 0.322 0.317 0.310 0.245
Wear resistance 100.0 104.7 94.0 95.4 97.5 123.2
Sliding coefficient (20°C) 0.947 0.953 1.003 1.020 1.083 1.108
Wet traction 100.0 100.6 106.0 107.7 114.4 117.1

a) Wikt Z-1, 150°C x 50 min; Z-2, Z-3, 150°C x 35 min; Z-4, Z-5, 150°C x 40 min; Z-6, 150°C x 55 min. i} B LSS —A A 100,

CEA A A 9°, E 10 km/h, Fifaf 75N
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Synthesis, characterization and properties of styrene-isoprene-
butadiene copolymer

XU Lin*, YU GuoZhu, KANG XinHe, WANG NiNi, LI ChuanQing

Yanshan Branch of Beijing Research Institute of Chemical Industry, SINOPEC, Beijing 102500, China
*Corresponding author (email: xulin.bjhy @sinopec.com)

Abstract: The oil extended styrene-isoprene-butadiene rubber was synthesized using organic lithium as initiator, and
cyclohexane-hexane mixture as solvent. The effect of different mass ratio of monomer and styrene micro-block on
the properties of copolymer were also discussed. The SIBR was produced by mixing with aromatic oil at 500 L scale
pilot plant. The structure, properties of the oil-extended SIBR and its application in green tire were investigated. The
results showed the mixing behavior, vulcanization rate, mechanical properties, rolling loss and wet skid resistance of
SIBR are excellent, which indicate that styrene(St)-isoprene(Ip)-butadiene(Bd) copolymer (SIBR) have a good
application prospect for tread rubber.

Keywords: integrated rubber, styrene-isoprene-butadiene rubber, oil-extend, white carbon black
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