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J & K CHEMICAL A )75 551, 1-— (BT 33t 4
)R BE(DP275B) , VL5 5 J% Ak T FR 2\ 7] 7=
ity SR (EB) (PO W (THF) (oK S R
S TSR X 2R R R A B A, TR A e 2l
R LB 99.999 %o, K 6] FRFh SR A BR 2 .
1.2 {UsFiE&

1 LA REGE, B2 L E i b
B W N A5 S W o AV 1308 | A B
T2 W) s NDI-T RS 7 B2 T, FERE B R
IR R B 2WA-) BB U147 5, 11 5 i AY
ik & AR AT; HA OLYPUS Ahimadzu BH-2
R 25 0 I Be
1.3 &A%

1.3.1 SIBR 4%

SIBR W iEPE B F R A& RN 7E 1 L &3
BRAZPIEAT BT R R BB 4 F w2 AR
o5 (St: Bd: Ip) . LA n-BuLi 8| %k 7|, THF 2G X
SEAIE A ), B AR S0C , BA NI E 8 h,
RS ESHChE I BE 108, 5L IR
PR e B R R N N o
AgfhaEz g RARRHIRENREE
oA = R R 7 AE R KA A 10 min
JE B BR S, SE BV A % 51 &0, 4R G e
BAER A AT R A RO 25 RS T B
Ak R, K BN P AGE B L RE T B %
B TR PS .

1.3.2  ABS 4

P LB T 7 BRI — 22 JiT i Y SIBR R E, 57
A5 mm x5 mm BN A REA St AN RIS &
EB ) )2 i 28, 78 AR N SR i B HE 10 bl
ZOE AT TR A E IR R b
M2 IR T 2 E R 85°C B, in AT
51 %5 DP275B 5| KR A" g mREE  IE4 )
SR FE B DL T S S e e 6k B R A 22 I A
D3350 A B ok 8 o I R B B e A 3 KRG
FE UL B A W A AR L. TR SR FE L3R5k 40%
J& R NG 22 50 % B —— P TIF R
MR, T 150°C TR EE RS 6 h, ik, A
P LA RO B R ), T B A AR 50C T
TEEE.

1.4 MEEETIR

SR BEIE AR % ("H-NMR) 43 Hr , R 5+
Bruker /3 &) 7% Avance [I 400M %Y % ff 4R I 1%
A 5, SRAR A TRV ) R I 5. 0% 2R 20

VR I SR FH 5 2 =X T H D, 02 40 mL
JRE I A (7 v Bl e - RS A R S S
FEAR ; U AR, A FIRERAE 3 W IOL(E ; 4
i A A AR 26 [E Viscotek 28 ] A2 77 (1)
SEC TDA302 %! & BUHE Fr €8 3% 400 & , LA THF Sy
VR IR B 40°C R UE R BE 1 mL/ min; 3RS H0Y
D€ QR . ABS W AH Y 43 B3 20 B2 WSTR[ 11 ],
JETH SR AR B A B IR B 4 B (RPVE) | 452 R
(GD) R R AR (GE) ' 35 5 L 7 B i
(TEM) 7 M ABS XA S 2% R D) B, 1
FH 1.0 % VU808 K 5 W B2 Y% 20 min, & T 35 [E
FEI 72 7] 7= TECNAI20 %Y TEM F WL, ik H &
200 kV 5 4714 L W fUBE (SEM) 4347 30RE I8 18 R
AP E EMITECH A & = K550X # B 4 {2 &5 4
&, B F 2 E FEI A = QUANTA200 # SEM
W FL I T T 00, g Ei 20 kV 5 AN RS Ak B R i
(Izod) i 17 w3046 J2 4% 1SO 180:1993 F#fE R
5 RH] CEAST 23 ) 7= RESIL % w5 36 AL I,
DI B Ry 23°C, 434k Sk 50 J 5 1 A B ik 4
1SO 527-1:1993 #5 #E % JH 3% [& INSTRON 2 &) =
5567 A1 U7 fig A4 RH 50 LI e, K Rl 5.0
mm/min , X 15 BN 23°C.

2 HR5WE

SIBR W& 5 &R
ASCRHTEMYER S FHRE T, BRI
T4 S 800 SIBR = 0 RiE , L H-NMR % 41
B 1 pros. Al b, SIBR W& v] 4o 3 21 i+ U,
AN b % (6) M HIHJE 5 TR 1. K3 I
JRFUEAE S = 7.20 ~ 6.20 i [ 4 04, H B
By AR 2 NEAE S = 6.50 AbH I T [R] X
PRy 3 NETE S = 7.00 ibHYy i, F B fr & R Y

2.1

L

3 2 1 0

o ab

Fig. 1 'H-NMR spectrum of SIBR
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oy Toe A JO MY SIBR Y W A7 | 04 Y f) . S

Table 1 The' H-

MRER b7 HAEZy 6 =7. 14 Ab i, i g
G

NMR spectrum of SIBR

Proton peak 1 Assignment
Aromatic ring 7.20 ~ 6.80 —CH=CH" — (para and mela position)
6.80 ~ 6.20 —CH"=CH" — (ortho position)
5.85 ~ 5.60 CH, =CH" —(3,4—1Ip)
5.60 ~ 5.20 —CH"=CH" — (1,4—Bd) and CH, =CH" — (1,2-Bd)
Unsaturated olefin 5.20 ~ 5.05 —C(CH;)=CH"— (1,4-1p) and CH, “= CH— (3,4-Ip)
5.05 ~ 4.80 CH, "= CH— (1,2-Bd)
4.80 ~ 4.60 CH, "= CH— (1,2-Ip)
Saturated aliphatics 2.40 ~ 1.10 CH;"—,—CH," — and —CH" —

XoF 3G ) AR s AT, R Y
(1,2 BB R 3,4 B595) ZM(LL15.0 % LIF N
B SR (R 8951 & & (LU S 40.0
wt% R FL ) B AT RRAR T 5 — {4 A R —
Bl IS, A BE R B B4 I B 0 1k L mT e R

TR A AR S R, L H: B 3 A % A i R T R ]
REAR ). HSCmk [ 14 15K 78 SIBR 14 oW 45 #a 2
SR, N EE 2 R, 4% SIBR R ) (0L 45
RS> T 3805 W B A5 4, 8 306 45 1 =2 FR
L ek R ISR, A TS~ 9 2.

Table 2 Molecular and microstructural parameters of SIBR series

Content SIBR-1 SIBR-2 SIBR-3 IBR SIBR-4
St: Bd: Ip ( designed) 40: 30: 30 0:50: 50 20: 40 40
M, esignea % 10 - 10 30 50 30

1,4-Bd 30.3 32.5 29.9 45.3 37.7
1,2-Bd 3.6 3.7 4.7 4.0 4.0
1,4-Ip 30.8 28.6 29.8 46.6 40.6
Microstructures ( % ) L2l I8 L3 18 2.5 2.0
3,4-Ip 0.4 0.1 0.1 1.6 0.1
Stpock 21.4 21.4 20.7 0 10.9
Stiandom 11.8 12.1 13.1 0 4.9
Total side chain 5.7 5.3 6.5 8.1 6.0
M, easurea X 10 -4 9.6 29.6 50.9 27.2 28.8
MWD 1.02 1.07 1. 06 1. 04 1. 04

5.0% St solution viscosity (mPa-s) 26.0 433.0 3200.0 432.3 1005.0

2.2 SIBR ##) ABS 4 514 Rk

%3 IR AR 7+ i RARRC LE SIBR /ERS
BRI, AR R G35 A B ABS B 19 47 T 4514
ZH. AT UL, N [H] SIBR 3G )4 Ag AR 0 & B BE A
FHIF, 29 15% 5 BE B AR e M, /9 35 K, L35 ke o
(GD) AT BEAIG, 3% 2 H A RS (3 R B0 e
AH 2% T8RRI B8 /0N, 92 B R IR B 22 R A 5 LR Y 5 Ut

B, PR ZR % BE TR R B, B RO, R R T A
SCRE, 3% 8RR (GE) R B, #808 AH R B 23 %
(RPVF) JRA T AR m kiR R A M THEZ AL,
HOR TR AR 2> TS AT 1. 5341 B SIBR St
Lo 9SG AR BE b AT H B R R ORI, %
FRCSHO A T R B T SAN AR 1Y 43 7 i K4y
Ai Bl SIBR MR L 4 742 A AL AN B

Table 3 Molecular and structural parameters of ABS resins

SAN phase
Code R (%) GD (%) GE (%) RPVF (% )
M, x107* MWD
ABSg 15 200 35 45 16. 4 1.90
ABSg o 16 177 33 44 17.0 1.87
ABSgpp 5 14 168 28 38 18.1 2.02
ABS 4, 16 219 40 49 17.8 1.91

ABSgpna 15 198 35 44 16.6 1.77
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K TEM W% T A6 23 5 SIBR 1§ ABS
ML A S5 4, DL IAT 2. SIBR-1 AR AHRL 1 52 055
W, 73 A B 50, RSP B/IME M A 858 (0.1 ~ 0.6
), DAL R 5 R 2 R R S A N R (T 2
(a));SIBR-2 K7 RSP A BT R (£50.4 ~ 1.1

-

pm) , HATRL T AR B A, 0 AR P9 2 0 %

F 2 H RGP —, S I8 15336 Wi (B 2(b) ) 5
Ak S 1 KA 4 F ik 50.9 x 10° B AR AH AL
RWEEZIE R (1.0 ~ 10.0 pm) ,ZpAi AR A,
KL P T U B A5 R B R B T A 9 (P 2
(¢)).

Fig. 2 TEM images of ABS toughened by SIBR with different M, (a) 9.6 x 10*, (b) 29.6 x 10* and (¢) 50.9 x 10*

TG REAR SIBR AR St 20 43 5 hE, ABS
PRI RERE T A2 753 58 4 I 50 o0 A, 58 BRI e, H il
T R (1005. 0 mPa-s ), F{UR 42 41 X
BR (0.7 pm), ALY BCH WA (&3

(a)). ML IBR VESERI I B, ABS B2 I A A7 75
RS, LI &SRS, N ss 5 H 2
H R /INE— 7 A S 1 A X AR (P 3 (b))

Fig. 3 TEM images of ABS toughened by SIBR with different monomer ratio (a) 20:40:40 and (b) 0:50:50

A Gy 78 B R EL H SIBR 1449 ABS (1)
dr NP RS T2 4. W UL B % SIBR 43 F it
(3G T, B4 BB Tzod f5ie 11 o 5iR 32 8 W 484 i, B
TESTF R 29.6 x 10" ~ 50.9 x 10* i [ Py K
IR LTSRN B N A 9N
JIR R 3 LA K Wt %4 g 07 A5 4 A B T B, R WIAR S S

T IR 1 B L 1) AR 7 1) A 1R R ER
I LA K S U0 i R B4 BE S B9 5. 55 4h,{H SIBR LK
B FL A LB ok B L 3 A% St 414> & & F , ABS 1y b
dr AP PEBE AR A A W, (H St 5 g s, &
BRI 73 15 (9 WA 380, A 5 1) i O T BT
BL) A IR ) BE 0 U 58, g S P RE R R

Table 4 Mechanical properties of ABS resins toughened by SIBR

Notched izod impact Tensile strength

Yield stress

Fracture stress Elongation at break

Code
property (J/m) (MPa) (MPa) (MPa) (%)
ABSgipr 57.6 23.5 23.4 16.5 14.2
ABSg¢ ko 59.9 21.7 21.8 19. 1 18.6
ABSgprs 163.3 20.0 18.0 16.4 20.2
ABS 5 150.9 24.6 24.6 21.6 12.7
ABSgppa 153.2 25.8 24.0 21.9 11.8
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2.3 SIBR 3] ABS R lT 24132
2.3.1 R[E4rT & SIBR (k%

SIBR-1 .SIBR-2 1447 ABS [ nfr o 7 i A L.
PL SIBR-2 {4 & Sy {51 (&1 4 ), HC W i 95 8 °F- %%, G5k
1R A 52 0 L 1Y Sl A 28 B A RlCIR A b 22 4
BEAb 38 KA T B U1 I B 4, S AR AT 22 0 ek
J5 1) (9 B85 U] 3 M R BB T BT B IR A AR
2. AE BURE T T T, B K 2R B A
¥, R kAT — R B D) AROR A M AR
X EL T, SIBR-3 ¥44 ABS ) w5 Wi i &k 0 4b
AR EE I b D 1) S i A A R A

)

Fig. 4

AR A

OSBRI (5 (), X2 b R A 1 B 1R
Wt 22447 R 5 W TG A s DU B K A BT U IR
BT AT i R s 8T VI R R AN 2 ~
12 pum. LR = 4E 5 [ P 8 1) B A7 K 09 55 V1 s
R EANTAE BT 22 /T2 S T i B ) A 437 e i
o, T A 30 58 Jm 3 D] 45w 0] 58, 5 98 1834 2k 6
AR, B U1 IR E AR AT A R % R
LI B BHR PRS0 R i 72 3 2R BURIR 3R EL
PR A YRR IS T AR 18 R
BRI RN K J i fil 2 BURE AT Y BE 1 B

Fig. 5 SEM images of fracture surface of ABSg ;.5 (a) close to the notch edge and (b) mid-section

2.3.2 R[FBAKREL L SIBR 1A R

57 St 44y B ik SIBR-2 1 #1500 i 2 0 1
ABS WTRDE 30 (& 4) A G, I St 20 43 & & SIBR-
4 ¥EF) ABS 1 W7 T 50 0L I 6. mT D 7E IR R

T AT DR R A 11 Rk i A 4 9 W 2R T S )

=

GRS, K JE NI+ Z LA RO, 3% 2 1 5 1
TR B C R AR e, W R
T bl 77 1 37 R A SR AE SO IR Sk , 36
B AH I A A o7y B H b i S 5 DD JRS A R ) T SR

-~ ates” 4
7 B A b
gy N £ {

Fig. 6 SEM images of fracture surface of ABSg 4 (a) close to the notch edge, (b) mid-section and (¢) lower section

TEWT T AR, A SR I AR IR AT Al R S0

b T E R AT A (B 6(b)), BRI AR mAE
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— 5 T b X R A A B SR R B A
B RS C LI WS, B ARy
BB, 7 W I B K A fm TR B S (K 6
(e) ), 3k 2 i A 5 A% JB AR 7 5 ThT Ak Sz A T 2 (31
B AR, RUIREE 2R, MR E A
.

3 &g

RS M 008 T R A R AT DL I A
T 20 Z NG 38 1) ot A AR ] 40 1 25 H 1
SIBR = 0. X AKIL G T g ABS By 254 |
PERE B 5T 45 R & W] SIBR 43 F & .St 4 /3 & i

3 R IR H A S AR 5 L RS Bt e M, 396 R 3
R, B THT T I, e ol o E S Bl 22 38 K5 T St 4
T, UL AR A% 45— R P B X e ol 5 R ).
ANIE) 53 - 454 SIBR 354 ABS (14w it 2k 52 90 i
SEAN B bl B R R = M, IR St 4y
SIBR #ik 4T 2 8UE AN 9 BE 77 3, A4 07 5K
Wi 2, I RPLBE 3 20 R AR A (W A B U
JeEh e K 2 A IS B W 25 AR M, (R St A g
it SIBR BT 2L L0E i A & 649 B8 1 R 55, LA
FIE 7 AT 24 W7 2L BB DL R 98 1k R B R T
4 0 1 FAR A
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SYSTHESIS AND PERFORMANCES OF ABS RESIN TOUGHENED BY SIBR VIA

BULK POLYMERIZATION METHOD
——STRUCTURE, PROPERTIES AND FRACTURE MECHNISM

Zhi-sheng Yu'"*, Xiao-xu Du', Yang Li'
(' Liaoning Key Laboratory of Polymer Science and Engineering, Department of Polymer Science and Engineering
Dalian University of Technology, Dalian 116024 )
(* Sinopec Key Laboratory of Surfactants for EOR, Shanghai Research Institute of Petrochemical Technology, SINOPEC, Shanghai 201208 )

Abstract The styrene-isoprene-butadiene terpolymer rubbers ( SIBRs) with different molecular weights and
monomer ratios were first synthesized by living anionic polymerization method. A series of ABS resins were
prepared via bulk polymerization method under the initiation of difunctional initiator modified by the foresaid
SIBR tougheners. The molecular structure ,morphology and performances of ABS were characterized by typical
phase-separating method,, SEC, TEM and mechanical testing, respectively. And SEM technique was used for
observing the fractured surfaces of specimens after impact in order to study the fracture mechanism. The results
show that with increasing the molecular weight of SIBR , the rubber phase size increases and the grafting degree
decreases besides gradually obvious phase interface and improved impact properties. Moreover, increasing the
styrene content in SIBR could lead to relatively uniform particles,but goes against the impact resistance due to
its rigidity. The SIBR with higher molecular weight and lower styrene content restrains the generation and
development of cracks to a certain extent,and correspondingly,the ABS displays ductile fracture mode and the
fracture mechanisms are mainly abundant crazing, obvious shear yielding and a great many ruptured ligaments.
While the SIBR with lower molecular weight and higher styrene content could not efficiently resist the formation
and expansion of cracks, ABS is fractured in quasi-ductile modes and matrix plasticization , stripping and stress
whitening are the main fracture mechanism.

Keywords ABS resin, SIBR rubber, Structure, Mechanical performance, Fracture mechanism



