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WP ZEAR A B RR H RSB F M, =6.5 x 10° FI M, =5.5 x 10* Bl SBS LRI ZUS N 180 min Hi i
SR <97. 0% s I ABR LU , KV 60 ~ 120 min B, 60k A9 NS =98% ;5 B3R 3H BB 55 25 S A48 He 8 n
AR TSR T 60 ~ 120 min. ZE4F FH I TR 0. 15 ~0.3 mmolTi (LA R, B3 0 F & R /M
SBS LR Ay N EURE A S, 287 30 min B, M, =5.5 x 10* [N BE=97% M, =6.5 x 10* [NEE <90% ;
Bl SN o ) P SIS, 3R 22 BE AR R 4R /1N s RORE 180 min B, W 4 O JC B b 22 B, Sl v oy B s g 194 m 2

#B=98% . XF R MR AN SR LB RS T T AR
K§in

PBRIK I (PS)-b-R T 4 (PB) -b-R K 2,
5 (PS) =i BeAL B YY) SBS ATk B &, mI ik
15— TP IR IZ 0T T A P i R —— 2R (R
L Afi-co- L Wis-co- T s-co-F M) (SEBS) . SBS 2
AT SRR AR I BU R M 5T Ay 2 ) A
& o5 PS BB S PB(1,4-T &5 1,2-
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SEBS [ T O 8 A AT 1% 208 RERE (AL R
FIPLaER B | R AF IR R AN TS ) 2
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7% F R F MR AR 2 T i U5 iy 2547 180 min B LA
JEHIINE B =98.0% . IL)5 , BB A4k T4 Al
AWM T BT W R T s TAE, H4s
W, IR IR R = H R 4 Y HY IR AR R
R A AR AR R A2 4 790, AT ROR 4 e e Bk A Ak
FRUR AL TG P 17 LA R P R A0 48 a0 5 P
(RN SR 5 2, IS W #E 4T 120 min 5],
SBS LAl 4 i U <93. 0% . 7E3CHR[ 12 ] B
WFSE AL b, FRATLAA R FH R A R 7], — 3R
TR AR, R FHREE RO AN T = XS 1
SBS LAl i i) PR A AT TR R G
WE5E. S SRR BT W] SCHR [ 12 ] i BF 5T 45 2R A0
Lo, 7 SBS Befif i il 45 &% =98. 0% 1) SEBS
S AN, A S AR S 38 Dk TR o SR P TR] 4
45 60 ~ 120 min.

1 SERERS

1.1 FEEMEMFEE

T T R B AL R S B, M, = 6.5 x
10" fl M, =5.5 x 10*, BREW o FhER R OIS
WM 30% , BT BN OGS E C,=~40% ,
H il 4w A7) (2R R A RN
Tk g, >k H B R ARG 2 w5 R fh2eat,
Kb i8R R, gl , K
HE AL TR AAAA, A E =
99.999% , At 5 3 v S 23 .
1.2 NS SBS HREHHE R

10 LR EGEH, DOE T 3 5| &7, 7B
CBE RV R & B R B . RE RN R
50°C, W SBS [k 2SN 10% . AR B0 43+
AR S5.5 %10 6.5 x10%, S/B=3/7,%T
TIB O R B 40% , oy F B Ay A T
1.5.
1.3 mMEKA

L H, JhHEE 0.5 L m R i & A
— B I VEIC W, TE MU S — 2 R EE T TR

ORISR P Lk A — R i 5 = 2H 3 TS )
(CRHRR PR ) BEFE = — I ) A — 5 B8
JEAEAL TR AR I BN 5 42 AN [ I ] [a] fa URE , S5z
JO7 58 U VR R BTG I JC K SBERT i, T
ZEH 5 O AR (S0P R — > S8 R AL
B, B — LR A E T 3 ~ 5 LI AE R AR
FEE) -
1.4 RIE

JH2EE BIO/TAD 2y ]9 BIO-RAD  FTS3000
RN EE A S Fi -+ BRUKER 2% ] 9 DRX 400
TR REIIRAGRAE SR 5 W O 4548 5 T H A B e o
YERT B9 LC-10 A 7Y B¢ I8 % & @ 35 X ( Waters
styrgel HR4 ,HR4 ,HT5 {04+ ; MR sh 3% 1 mL/
min) , 052 SR W) AN B 23 1 i K o TR
A 5 FH AR 000 o S i 3R M U

2 HR5iE

2.1 FHEEPEY SBS MEEMNZM

2.1.1 EHRHEEMATMER ES%
SCHR[ 12 JHEAT iU S 56 A e F v, 3224k R
[ (8 38 n 7 =R, 2% HE 2 P T b 8 K A 1 71 ) i
PEAE SR AR —FER). S, X6 25 F i R %) S T
BNy AT T — SR E A2 ISR 548 1 3
Bt AR E) T —Fh ] BORRE B e H LA AR A
R ARG 22T 3 RO R Y 2 R H g 1
w2 T &R M A BNEER h,
H, 1k 30 min ( [R] K 22 48 500 i % T2 70°C)
Jet s A TSE A A AL 700 147 n &0 s I (I o o L e
FABRAF R 3 7 2 RSk v g bk &
ZRTHE 50°C 5, AR F R B S 4k 22 bk 20
min ( [R] K 22 G Sy IR T2 70°C) J&, AU
BRAEAL VAT IO (LB A AR ) 5 7 2K
SN A R AL R b F 70°C T 1 IR AR
# 10 min, FAIIAZIH H, &1k 30 min A9 MK
([RImEHE R G S DR BT 28 70°C ) Hh, AT iU
7. A A T 2 SR I A 5 L 1.

Table 1 Effect of adding mode of methyl benzoate on SBS hydrogenation

Adding mode I I I
Reaction time (min) 60 120 180 120 180 60 120 180
Hydrogenation degree (% ) 93.8 95. 65 98.24 83.9 91.8 95. 46 98.34 99. 12 99.25

Hydrogenation reaction conditions: 70°C , 1.0 MPa, Ti: [O] (mole ratio) = 3:1,[O] = methyl benzoate, M, =5.5 x 10*
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Py b ad B v AR R 4 TR S AR (AN LiH) O A
B[ (CsHg ), TiH ] 3§ PRI, SR8 5 4 JF 4 HL 50 — 4
o bR DA o D AU | KWl AR
[ (CsHy),TiH] J& PR RS e EZ kA R K
ZR RN AR eI IR R R R A
AARRAL 40 5 B N B ). A S50 i FH ) 28 R i
Fis I 02 76 & o &, @ A Ak
[ (CsHy),TiH | 35 PR E Al fe 2 i i s 45 1
PR BN 1Y) 2R R H R A g 52 o W ke
MAEALTE PEAR (CsHs ), TiH ] rb gk J5 5 DU 5 A
FEZ M ZS BUIE T 2 IS k. R, A
5 5 iR K R 2 AR 25 A AR, AT 4iE 2%
TIEEAL (C5Hs), TiH] 7E A # v & 4R — 2K
o 2 RN, A E Tk, g4 T AL
VeI RA D E T SBS IR T B e %
BRI IR R T AN EUsE. & 1 /9 3 Aoy X,
J7 20 T Ay 3K TSR B 2 L2 R R g 4 7 76 5
O3 FHE W 5 S AR R 43 I LA N 5 X
T T WOR UL, A 4 I
WRRE AR, 3 R H R FH IR o TR i Th
FE 10 RIXE , S0 & 5 8 A b 700 g JRE 457 g I 0 2
PRIXE— 2. i 7 =TI A, 28 R B R T ARV TR
R NA S 15 L, BT DAL RO 30 F & 5 ek
L | I L = N R 1T L S 5
[ (CsHy),TiH | 36 PR & A 10 4 & B v B,
TORE B RE A A B I E TR R R A R R R
o7, 3 T HH A A 790 0 £ 10 4 FH el 26 B0A 5 A
8. PR, AR SCRTA S IR 4 in 0 S 50 25 R FH
ety =
2.1.2 JURPSEES A5 44N 2% F R B R X SBS i
R REIRR A E R X2 5,
HRAE S50 % A B AR FRAT TR T LR S5, R
GEFoT T 2% B R R TR KT 0 00 1) S

wE 1 PR, B8 A 5 TR A 0.3 mmol Ti
HEALEAE TR B3 5 i 6.5 x 10° (1) SBS JLa i
FEA IS B R F RIS 2 107 180 min F4) J &0 884X
K1 93.17% (5255 0) 5 in A H R H /g A, I E
120 min fITEEHE=98. 0% (524 1.2 3 4). £ A&
2 i AL S R B0 4 P 5.5 x 10° 1Y
SBS FEA I AEAS AR B B2 . 180 min 4 i1 &
AR 93. 44% (5255 0) 5 il ABR LS W 60 min
B IA BT, =98. 0% (525 1.2.3 .4). S
JEAT LA BIE 20 30 min (R EH5E, 52560 2 (90 &
JE=98. 0% T ,7EJ I 60 min [ IHBESZ G 4 1

100

9% —o—0 Without [O]

—o—1 n(Ti):n([O]) =1:1
=2 n(Ti):n([O]) = 1:2
=3 n(Ti):n([O]) =1:3
——4 n(Ti):n([O]) = 1:4

o [O] = methyl benzoate
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Fig. 1 The hydrogenation degree of SBS with M, of 6.5 x

10* at Ti/100g copolymer ratio of 0. 3 mmol
Experiments of 1, 2, 3 and 4 carried out with the modified
metallocene catalyst; Experiment 0 using the unmodified

metallocene

100

S
g
g r —o— 0 Without [O]
= o6k —o—1 n(Ti):n([0]) = 1:1
g —2—2 n(Ti):n([0])=1:2
s 95 —v—3 n(Ti):n([O])=1:3
& —o—4 n(Ti):n([0]) = 1:4
5 9%4r [O] = methyl benzoate
> |
T 93r g1
/

92 i ? 1 1 1 1 1
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Reaction time (min)

Fig. 2 The hydrogenation degree of SBS with M, of 5.5 x

10* at Ti/100 g copolymer ratio of 0. 3 mmol
Experiments of 1, 2, 3 and 4 carried out with the modified
metallocene catalyst; experiment 0 using the unmodified

metallocene

INEE IR AE=99. 0% .

& 3 4 i s 2 SBS LRl AR A v TR
i 0. 15 mmol Ti fEfk S5 44 T 1 REME AL N &
L. A 3 iR, B35 5 F & 6.5 x 10° [y SBS
FERIE , AEA AT B iR H g A 1 00 T, O 180
min [ AL REIRE] 96. 57% (5255 0) 5 il AT
PG B N 180 min B, &l i 19 0 & % 35 B
=98.0% (L4 1.2.3 .4). il 4 fos, R4
ST BT 5.5 x 10° [ SBS JLRE R, 7F
AINEGRS, S 180 min [N AL A 89. 72%
(SE50) 5 AR LLS , K& 60 min FE Al Y
INE T 4 =98.0% 1, )W 120 min B0
SEE=99.0% (K123 4).
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1 1
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Fig. 3 The hydrogenation degree of SBS with M, of 6. 5 x 0*
at Ti/100g copolymer ratio of 0. 15 mmol

Experiments of 1, 2, 3 and 4 carried out with the modified

metallocene catalyst; Experiment 0 using the unmodified

metallocene
100
~ 98 F W’Q
X /
8 96t ©
& —0—0 Without [O]
S o4t —o—1 n(Ti):n([0]) = 1:1
g —2—2 n(Ti)n([0]) = 1:2
R —v—3 n(Ti):n([0]) = 1:3
§ 921 —o—4 n(Tiyn([O]) = 1:4
g [O] = methyl benzoate
S 90 f o
E /D/
88 0
n/
86 . .

30 60 90 120 150 180
Reaction time (min)

Fig. 4 The hydrogenation degree of SBS with M, of 5.5 x

10* at Ti/100g copolymer ratio of 0. 15 mmol
Experiments of 1, 2, 3 and 4 carried out with the modified

metallocene catalyst; experiment O using the unmodified

metallocene
W FaRSEE g R n] LUE B, 7E i AR iz /Y

Bis LA, & s 0 o) e m s A £ 7 vy i 1 77
P T L,SBS AR T R BE A RN Z )5 H
TR A B 3 T 22 A, SCRk [ 12 ] 8 A
TR TR AR 1 e B f 1R R, A AL TS 1 SBS
SLRH e B I AU £ SEBS (5. HWFgY 45
SRR TR TR S x 10° 1Rk, 7E K
R R R 1 IS0 7 180 min B At 2 1) o
AHE=98. 0% . SCHR[ 13 ] ddlid 1 DAA H 2 F g
AR, BN RERIESE. B RIS Rk
B, F 0 120 min B, SBS JLAE 5 09 hn 08 146 A 3]
93. 0% . AJ WL, TR AT BRI 5T 235 SR ] KK 4 e K S Al
JRE I & 2 5 ) = 98. 0% (1) J i 5[], Bb SC ik

(121 M BF 58 245 SR 45 05 T 60 ~ 120 min; 5 SCHk
(1315 45 RN [A], FRATT I 45 SR 3R 0, 2R H iR
HH IR 7 PR SEBRAEE AL R A AL & 25 SEBS 19 [
AR B B W R e FEE . AT LA Y R R
B R D a2 700 7 s B e Ak 5 A Ak SBS 3 %
SRR R s FEEE R 0 AR IS TR] Y R
W 4 o A (2 T 22 A Tl A48t T 5 e )
AR

g AL B I R R (¥ SEBS #EAT T
RUA A S . SR 45 R, 76 Il — S5 45
T, IS 89% WkE S TEZ 4L 3 h 5 BB B Y
2490, M E 98% AIFE A 7E £ 4L 100 h J5{54K
RS, X UL, S T 98 SBS (1 FH S, B
HANE R 2 98% LA b B — M TE LTI R
f=E
2.2 EIHFEXT SBS MEEHFI

e s Fros, 725 E 58 TS H] 0.3 mmolTi
WAL M, =5.5 x10* FI M, =6.5 x 10* [
SBS FEAth e iy I & S 5 i 2 AFAE 2 LU I k) 22
LA RN 30 min B, M, =5.5 x 10 LA
AN I AR T M, =6.5 x 10* fJERIE ; it
M, =5.5 x 10* e fili iz ) F52 A8 n &8 $5i A
97.31% (5235 4) 1 M, =6.5 x 10* JLAil e %) 5t
ENE R R 92.22% (28 1), M R
N AT, O 4 1 S R I A R 25 PR AR A
Wide /1N, 24 BN 180 min i, 336 b 22 FF st AS K B ik
T UG 2 Ff LA A ) n R EE R AE 98% LA

100
99} J— 7\ o A
~ 98F Y
S 97t
8 96t
on
35 95+
S 94 . _
S —o—1 a(Ti):n([O]) = 1:1, My = 65000
s 93f —o—2 n(Ti)n([O]) = 1:2, My = 65000
% 92+ EH —a—3 n(Ti)n([O]) = 1:4. Mn 65000
£ ol ——4 n(Ti):n([O]) = 1:1, M, = 55000
s, ——5 n(Ti):n([O]) = 1:2, My = 55000
= 90 —I= 6 n(Ti)n([O]) = 1:4. My = 55000
8 o [0]= methyl benzoate

0 60 120 180 240 300 360
Reaction time (min)

Fig. 5 The hydrogenation degree of SBS at Ti/100g
copolymer ratio of 0. 3 mmol

Experiments of 1, 2 and 3 carried out with the SBS basic
copolymer having M, of 6. 5 x 10*; experiments of 4, 5 and 6
carried out with the SBS basic copolymer having M, of 5.5 x
10*; All of the experiments carried out with the modified

metallocene catalyst
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LSRR 5 6 AR T 98% (43
J£99.05% F199.23% ) , ¥iB M, =5.5 x 10* JLAl
RN U AE SR B AT M, =6.5 x
10" AYSERIAE Y. UL Rl DUA 16 4 v T e il
0.3 mmol Ti fEfLFIS&ET M, =5.5 x10* Ik
M, =6.5x10" iy SBS JLREIR A 5 A, Hii& Y
INEE ST a4

Bl6 il s ry R 7E B A TR 0. 15
mmolTi L&, M, =5.5 x10* F1 M, =6.5 x
10" () SBS SERb I A I &V Bl I H Rl LA,
ZUR N 30 min B, PARSEAR BEMNEUR O 25 578
JE R IR T IS &R T 96%
T (FRARME R 96. 32% , 5256 4) | 1M Ji5 745 9 5 i o
LT W R A 87.86% (S5 2). A S I
(B A SIE G, 3 22 BE AR B W 4 /1N, 22 )0 180 min
B, X b 22 RS A AN K R 1 5 SIS 7 Ao At
(N B 7E 98% LA b T M, =5.5 x 10° &
Bl e AR T 99% BN RS (S5 4.5 .6 BN
JFE 4 W& 99. 15% .99.24% 99.3% ) , ik 2 W& 1
R T HOMULSEM. BT W 7R A v Rl
FH0. 15 mmolTi AL T, IFPECE 4 1A
[F] i) SBS Ll e M &G A AN A]. 882 M, =
6.5 x 10" AYSERE I , M, =5.5 x 10" Ay JERE 2 k4T
PERRVEMEAL NS £ A5 By — 26 i H SR iy i
R AR A TS A

100

A
98
$ 9%t
g 94r
& 92t
T 90t
g ol 4 —o—1 n(Ti):n([0]) = 1:1, My = 65000
g A =02 n(Tiyn([O]) = 12, My = 65000
5 s6r o —A=3 n(Ti)n([O]) = 1:4. My = 65000
£ saf ——4 n(Tiyn([O]) = 11 My, = 55000
2 ol ——5 n(Ti)n([O]) = 12, My = 55000
= =6 n(Tiyn([0]) = 1:4. My = 55000
80 4 [O] = methyl benzoate

78 1 1 1 1 1 1 1 1 1 1
0 30 60 90 120 150 180 210 240 270 300 330
Reaction time (min)

Fig. 6  The hydrogenation degree of SBS at Ti/100g
copolymer ratio of 0. 15 mmol

Experiments of 1, 2 and 3 carried out with the SBS basic
copolymer having M, of 6. 5 x 10*; experiments of 4, 5 and 6
carried out with the SBS basic copolymer having M, of 5.5 x
10*; All of the experiments carried out with the modified

metallocene catalyst

o o LR A R AR, B R A

SBS FEA 8 (4 i 05 I i i, g 0 R
INEUS AN KA S AT RSB R A K
5RI> T AL WP I A A% 1 ME By R A
O TR AL 19 SBS 3 8 o A I ok 13t
TEMMAMEAL ) Z 115, 25658 H, T35 74 SBS ik
2 Pl B R 1k (S BE0 1 Li A LiH I8 0T 5%
EY TR B SRS ) SRR A T iR AN
SURRL. Z B A R R SR R
WEHLER (&1 7)), RIS S0 rp 1k I ) LiH 15 5
S A7 N A= a7/ I A S A 7 N W A7
([(CsHs),TiH]) , # th BR S AL & W1 5 XU IE B
—A> w2, R A A IS A A AT

SBSTLi* +H, SBSH + LiH
Cp,Ti(X), + LiH Cp,TiH + LiH
Ne=c” N
Cp,TiH Cp,TiH —= | 2
AN
HZ

| [
CpTi—O—C—H CraTit + H—C—C—H

Fig. 7 The possible mechanism of selective catalytic

hydrogenation

X FLRIER G YA, R T, o F
ER/NY TR B Z BN 5 & A g4, 4y 6]
RN R by 5 oy F 2 BRI 4 F4EA B
Z AR S e tE iy, DT S 30 I B A A6
o Lo RYE T . A 0 80 8 1Y) 186 20 T I T 1R &
o TR RTE = i Be L IR W g SBS LAl it 43
T, M, =5.5 x10* B> THERLE L M, =6.5
x10* B0 FHEM, HIELZ B R 8BRS B9 %
Aoy 2 [R]85 5t 1 i T E 2RV TR P
(A3 8 BH T L Hi A T . X RE—ok M, =6.5
x 10* ) SBS 43T FP R T 0 XU, 1515 A i
FEIEPER R S0 & W AR R A HL S k23 L M,
=5.5x10* fy SBS 43 T4 TVFZ. NI, Bifil
ANTFECE) 43 A 2P S s 7 A ) %) J2 1
FAFT, Hon &SR R RSN AT T

3 #Hig

TE S BRAEAL T AL G 1 SBS K& Al I 2k - 1k
IS T, LATK F R i o fe 5, R AR 1Y)
@5y 2CnT B e ek I S CR . l ad R SE F
FER AL 4E

(1) FHTE R B e BR A A A0 26 08 T 1A T e 4



114

AU A 6 R PP T 2 758 5 s HE AL R i Ak SBS il S LA 52

1311

PRI (A AL R 22 11 238 A
PRSP k) & —Fh AR AT A7 1%

(2) AR P 2 — b A o ) (R gk 5], B e
T e BRARE AR B0 5 A R J3E M 2 g, R AL
F&E A A i 0. 15 ~0. 3 mmol Ti B, [
B 120 min, FARP T RILRYp PR T BRI
JERIRTIRE] 98% , 5 LATT S I 58 45 A L
IS LI [R5 T 60 ~ 120 min.

TSN R B8 - B R ) o & s v
KES AT M, =5.5 x 10* #J SBS JZ Jif 60 min,
HnE Bkl KT 98% ;M, =6.5 x10* () SBS Jx
I 120 min, HEE A BE=98. 0% .

gt ASCERE R R 220 il A T e A R

AR 2 FE ST e T AREDE T AR N 5 4R K

A R KA S R R S A 5 R AR B IR B
B3, TR R 20 A |

(3) B3 7r TR MR/ 2935 SBS Heil iz (14
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SELECTIVE CATALYTIC HYDROGENATION OF SBS BLOCK COPOLYMER
WITH METALLOCENE CATALYST ACCELERATED BY METHYL BENZOATE

YU Fujiang, CHEN Jianjun, HE Xiaojin, CHEN Shuming, LI Wei, LI Chuanging, LI Hongbo
(Research Institute of Beijing Yanshan Petrochemical Co. , Lid. , SINOPEC, Beijing 102500)

Abstract The selective catalytic hydrogenation of living styrene-butadiene copolymer (SBS) prepared in the
presence of metallocene catalyst modified by methyl benzoate was studied. The effects of factors, such as
number-average molecular weight (M) of SBS,on the hydrogenation degree of the copolymers under different
experimental conditions were discussed. The results show that when the ratio of Ti to 100 g dry copolymer is in
the range of 0. 15 ~0. 3 mmol, adding methyl benzoate in a special mode can significantly improve the activity
of titanocene catalyst. The hydrogenation degree of both SBS basic copolymers with M, of 6. 5 x 10* and 5. 5 x
10* respectively are <97.0% after reaction for 180 min in the case of using metallocene catalyst not modified
by methyl benzoate. On the other hand,the hydrogenation degree of the same SBS samples is = 98. 0% after
reaction for 60 ~ 120 min under the condition of using the modified metallocene catalyst. In contrast with the
similar researches reported before, our experiments could shorten the hydrogenation time by 60 ~ 120 min.
When the ratio of Ti to 100g dry copolymer falls in the range of 0. 15 ~0. 3 mmol , the hydrogenation degree of
the SBS basic copolymer is affected by magnitude of the M. For 30 min after the reaction,the hydrogenation
degree of SBS copolymer with M, of 5.5 x 10* is =97. 0% whereas that of the copolymer with M, of 6.5 x 10"
is <90.0% . The disparity in hydrogenation degree between the two SBS copolymers is gradually diminished as
the hydrogenation process proceeds and becomes unobvious after reaction for 180 min. In such a case the
hydrogenation degree of both SBS basic copolymers are = 98% . The effect of every influential factor on the
hydrogenation degree of the SBS copolymers is elucidated in terms of the hydrogenation mechanism.

Keywords Methyl benzoate, Accelerator, Metallocene catalyst, Styrene-butadiene block copolymer





