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W ¥ LNETEREBE[COTI(On-Pr), MM F EE 85 (MAO) Bk R, B
FERAREEZS b RAB GBI . FIREDE, REMAXZIHHITREAREGR
R, B B 0 Ak 3 R (9500gP/gTi)  FFSE T T BT 4 6 i), -3 B R ol BE . AL ik
HEREESEAFFHRBEARAFNMER HRIELATDEE TH. BREMN 40T
PR M (THE) S A0S MRS B, KRKEXRYEIRFETRTROTHR OGS,
W& BRG0P CNMR. X-S 2714l DSC %547 F BU 7 85 M RAEFE ML TR

XA SRR EZBERERAREGEN, HARELS- b RARREILED

1986 £ Ishiharal ' F TiCl, 1 CpTiCl;/MAO LR REE R LA B E 4 F [
BRI (sPS).sPS A HAMNEERAERBHETEYEH, ERBSRE 270C, Ik
iPS & 40T, AE L R AW B RHE 2 K R IR BRI, T sPS R4S dh R
UEHE—ARENER, HES TR ENTI. HR PS REI¥2-F4, FE iR,
T Hh R, MR s, EWEA T e ENAD . FMEZRERS o
B TRELE, MRELRDNARER FHER L EE, BXEDS FERSR
ARV A 000 A, K e SR BN E . B, I EHHHFRLR
B8, TRIRE I EBL, TERH TEHLSYM MAO HE M HELERET RIS
AAESH « BB SWMABHEFE —EMNER. Longo® [ CpTiCL/MAO L% Z
BAIZBHE, RS A4 THABBLRY. H LT %5HHE CpTi(OPh),/MAO
1 CpTi(OCH,Ph);/MAO i{bik RV A& ME ZBER MR BRI R Y .

A3 A CpTi(O-n-Pr)s/MAO/TMA f{bik ZHTHR ZBN BB IR G, 51l
M= TEE(TBAUEHFEZBARRREIEESHEIERE(CE), MIRRE
MEREAR TS, 3L BNV ™9 A o T 8. ¥ BESE f1 40°C I (% W ( THF ) % 58 7l 9
HEMES B, THI sPSb-aPP RE IR . EHBEM 2P HPC NMR. X4 &1
B DSC 2400 F BT MBI LU 0. M AT LR BB SRR 5 S = EA
ZRBEHEAGESRE—FHENES TFo &, HERE I XA E.
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1.1 fEeRBHE
CpTiCL( A ) SEERME= ZHHEF, BFERH, CH,CH,CH,O- B {42 Cl fl
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&EMEA CpTi(On-Pr),'%. AL(S0,); - 18H,0 5 TMA KB4 & R L H B MAO'");
FI'H-NMR 747 MAO 1 TMA & &, &3 TMA &% 20mol- % #9204 MAO fEB) i
el USROS RTESERENARBELKER.
1.2 ERRAL

AT AN, S RAVE B 8h /5, ERA SR THE L. X 28 H ek,
SF 10% NaOH MR GHR LB ZEEM, REAEK CaCl, TH 24h , BRAZRT 8B
(TIBA)AREE 4h, TER SR TR ERE, RELIHEZFAREAKERIGEERST
BEEESH . FHEIRSESE, FHTARMSLRET DCBRIKMALREL
m.
1.3 HREXAREEE

VA A B N O FIRE AR T8 250ml SFMME S TRERUS, BA
FitE ik R B NAEFE A% 0.11MPa. RIE A MAO. F¥ HAEAZ—EBER,
AT @M CpTi(OnPr);, BUBHB AT HBHBARE SRS KEE
0.11MPa F AT . 2 5 1 12 o 45 Bl — 5 I ) 0 3 TR A0 L R R A T 7 e A M S 4 ) €
LR FES—EHEE, AEmAHRG¥ZHREHN TIBA WRAH. EHERER
BRI XZBEETRAAERS. N A ZBERS (SARBRSIRYAHR
P EAREZBEEMANALEHBRAS. B4 —ENEEAS 1%9ERZBERR
LR . Ewerdk B E T, R EEHE.
1.4 ARFEFHhES5H

B T B M7 Soxhler BEIHRES P, A A8 TRA(80.5°C ), SR B4R (98 )R .
BT REREHEHBERS T 30T, MA TR, 2, HARAZ TR B TRARTETH
BB ENE, KRR TERS, HSHT, RE A 40T fy0 gnkm . Lo b i
57X THF &4 .
1.5 SRR

JEOLFX-90Q B & L IRIGT F R AWHCNMR #, H&HIEE N 20% (BHH 0-Z
£3), BB F Y 110C, - HEFER 130.5PPm MAE HSF 5. H FE ¥ D/MAX-
IAX-SH RN N ER S B X555 . Nicolet 205FT-IR £L 50 Y6 X W 2 -5 W)
4T /Y63t . Perkin-Elmer DSC-7 REFM BRI RE R SWH DSC ES

2 ER5ihe

2.1 ¥ZH/ARREHXRSESL

2.1.1 FEFRRNEVREARSHER RAERERAMREERSTHIAZHRL
# 1. BT RTR A0 % 10min, B HA MR BAYFHEXZB/ RESREAR
My B IER R Y A R R T IA B 30wt- % , BUR B[] 5 R o0, WYL R T T RRS, £
B T P GER TE A oR U0 B R B () T T R I, T RET 5 K OMSEAT
SEEE AR DU B I, FE RS B IR SR G B B, SER B P PR AR & R,
# 7B S RUEEE T RS TIRS . '
2.1.2 ENEEMNEZS/FABRESESHER BSREXTIE. KBTI
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Table 1 Influene of prepolymerization time of propene on block
copolymerization of styrene and propene

Time of Monomer CE Conversion Content of block co-of
prepolymn feeding ratio (gP. / Ti) of styrene styrene polymer in total product
(min) 5+ P(mol/mol} el (wt%) (wt%)
5 92.8:7.2 9500 79 16.8

10 87.1:12.9 9250 70 29.6
15 82.8:17.8 8500 60 19.9
20 79.9:20.1 7875 52 11.3
30 78.0:22.0 7250 43 5.5
40 74.5:25.5 7250 37 5.1

Polymerization conditions: [Ti]=6.7 10~ *mol/L, [MAO] = 0.13mol/L, [TMA]=3.2 % 10" ?mel/L, [ TIBA] = 6.7 X
10" imoo/ L, P{C3Hg) = 0. 11PMa, styrene= 10mL, toluene = 15mL, T=60T, total £ =2h

EARSHEMEL THMN. —FEMTHERRS. BEAS, ARSAMKER
WY K, EHHh, BERABEPEPHBRREELS, BOERELAGE. 5—HHE, B
BEF®, FLBATHRANERSEEREED.0 ERERBICTRE KRN ; [0
HHBERD LN, FHEFMRE, FARATRERES BT LA RE RBRENE
1T R BOE R BT AR A B LR A L8R A 60C BB K, S0C B33 BB 7™
WHRBELRDSBRL, WA 1 F.

” 2.1.3 MAO fl CpTi(O-n-Pr); ¥ &

/'\\\-30 MELEH/FARBBELESHEN £ o

3% ¢ BiRRAES S, BILBES AT BER

ik H. 85 E14H 28], MAO M1 CpTi(O-n-Pr),

{ EXNAR-EZBETREE RN
RRFz2.

BE MAO M FI &, =LA CpTi-
(O-n-Pr); RIBEERT, SL8E KA S =Y
L ' RZAESER(CEZBIENITE, TR

7¢C) BOHR, FZBFETHRABERS. I
NHAARZEEXEFBSLRANE, K
Fig.1 Effect of polymerization temperature on sequential M, A R BB IR ER M ETY
copolymerization of propene with styrene HEZBHRSR); HETRZRBME,
;p:lj;;ur:n;xemzm;m:l ol ol GBI RBIR Y. B COTi(On-
10min, [ Ti] = 6.7 X 10”*mol/L, [ MAO] = 0.13mol/L, ;ﬁgi?g@ikgz‘if;@;iﬁﬁﬁi
[TMA]=3.2 x 10 ?mol/L, [TIBA] =6.7 X 10 *mol/L, P 7 P o ’ ’
(CsHy) =0.11MPa, styrene = 10mL, toluene=15mL, r =2 = B FEC K B IL R W& B3, £k
BER 6.7 x 10" “mol/L B} ¥ F B K {H. H
% CpTi(0-n-Pr); A&, R4 MM EKE MAO TN 0.26mol/L 21 M, (HE, #
BREY & BEE MAOMEE N 0.195mol/L B BB X, BB MV T ERE X MAO fI
TMA R B3, P88 m MAO Al TMA 3¢ B Sk, Wi i PO F a4k

sPS-PP
(wi%)

50

C.E.(gP/gTi) _
g g
\ I

*[St] (wi%)
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Table 2 Effect of MAQ, TMA and CpTi{O-n-Pr), concentration on
sequental copolmerization of propene with styrene

MMAOX10? TMAXI1{0® Tix10* C.E. [St] % in total Content of copolymer
mol/L mol/L mol/L (gP/gTi)  products{wt%) in total products(wt% )
13.0 3.2 1.7 25000 $6.0 0
13.0 3.2 3.4 19500 94.9 0
13.0 3.2 5.1 12300 93.8 8.1
13.0 3.2 6.7 9250 85.1 29.6
13.0 3.2 8.4 7400 83.6 27.6
13.0 3.2 10.1 5800 80.5 21.8
6.5 1.6 6.7 500 0 0
19.5 4.8 6.7 10000 5.0 26.4
26.0 6.4 6.7 10130 92.6 17.5
32.5 £.0 6.7 9250 94.6 4.9

» [St] denote styrene content in tota! produet ; Copolymerisation conditions : propene prepolymerization z = 10min, [ TIBA] =
6.7 %10 2mel/L, P(CyH;) =0.11MP4, styrene = 10mL, toluene = 15ml., T=60C, ¢ =2h

2.2 AR FIHNFNEARS RS WS R SRIE

RITHEHBESYHER RS RETHEM, #E 4 5 CpTi(O-n-Pr),/MAO/
TMA LA BTE 10min, REMARZHN TIBAWFREN7W; EPsS5P#
FEBTS Y 85:15. ¥ EE5h 4 BN TR sh, XTVHEH-EHLR 3 PHR 3 XR
Z. HPRTHIABDSEES 4 021%, AHER 13 HiREETHE, ZERS
SHILBRYH/ R PS; HERHE 30C, HUENE, HERSHR 48 17.3% . A&
BRI TR T AEE TR TR PSR EFTBALSETIRNE, FFLBLHERY
BE R MR REAHRY . M EHTC-NMR 2R LA 2.

Table 3 Fractionation of PS,PS/PP blends and S/P" copolymerization products
Successive extraction fraction{wi% }

Sample Polymer C.E. Conversion
(wt%) (gP/gTi)  of styene thummnlmge hwthmlmg MOUCTHF  Residue toral
: e
_ (8h) (8h) {ah) {(wi%h} (w1%)
1 PS B750 78 4.0(aPS) 0 5.0 9.9 99.9
2 PP 4600 - 0.7 94(aPP} 0 5.5 9.2
3 PS/PP Blends — 78 3.6 14 4.0 77.9 9.5
(PS:PP=85:15)
4 Copolym. Products 9250 70 21.0 18 3.0 57.9 99.9

([s]:[P]=85:15)""*
* S and P denote styreve and propene;
2% [S] and [P] denote the coatent of styrene andpropene in total products Potymerization conditions for all samples: [Ti] =
6.7x10 *mol/L, [ MAD] = 0. 13mol/L, [ TMA] = 3.210 2 mol/L, styrene = 10mL, P {C;H;) = 0.11MPa, propene
prepolymerization t= 10min, tolvene = 15mL, T =60'C, tatal ¢ = 2h

#4138 Grant-Paul #8820 R 3 SER M AT GE 69 B M ch SRR T B AL 3
B, HASRS5ARKEEAYS, LR 4.
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Fig.2 C-NMR spectura of sPS-b-aPP copolymer
from butancae soluble fraction of sample 4 in table 3

Table 4 '*C-NMR assignments and structure of sPS-b-aPP copolymer from butanone
scluble fraction of sample 4 in table 3

Structure Pesk No. Chemical shifts in(&)
in "C-NMR Calculated Oberved
< 20.010~22.031 20.039~20.635
G 27.000~28.121 28.219
G 44.180~46.500 47.021~46.371
Structure 1 Cy 30.020 29.899
Ce 31.102 31.036
Cs 44,863 44,702
Ce 145.450 ' 145.398
G 41.241 41.278

BEMILIRB AR R RE, & 6=145.398 & H — 1 sPSHEREFLC1H
HPIE g U fE §=20.635~20.039 &b R —1 PP B P ERN ST SEE. BT
sPSHIEHAB TR TR, WURIEXR SRS KFFIN sPS #1740 aPP HWHR
MRk BEStRY MEMTZELAASK

FEBEECNMR # L5 HIF 6 =
29.899 £ 31.036 A H BRIk, PSP

BIRS sPS @ BRI aPP HBIRETHE 2 //
i, XA, TS § e\
BUbLE | AGH 2 KBRS app

EGH PERBRZEFE—MRE L L Lt
8 SD.S T ES. 1 °C.NMR M EHEE 40 0 40 80 120 71(6%)2(1] 240 280 320
Bt SR H R Z MR

RO THB A 68.4:31.6. XILY Fig3  DSC spectra of sPS-b-aPP copolymer, sPS snd sPP from
% DSC 43 #7, £ 95T # — 20T 43 B butancne soluble fraction of sample 4, butanone insoluble fraction of

B sPS A1 aPP Y Bk B {k ¥ AF, X 7g sample 1 and heptane soluble fraction of sample 2 respectively in
245C H8L sPS W1 RN A, WA 3, =7
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HiB&L5 sPSEIRYHELEMT 15C, i - HiEHAXREYE sPS-b-aPP RE B, H
sPSEHBAASRE. RRBILRDNT A X HEERLE 4, & d =11.272,8.715,
5.061.4.457 1 3.852A &b B sPS B RO ET NS, HAWEITRENS
MEX21.86%, L sPS BN EHE 39.74% /M U LT ERE N PPEBREWRT
sPSEBNERESN.
ER4NBETEABZDSZERN
79.0%, ¥ F A B R e sh, HKABY L
&R 489 60.9%, £°CNMR 447, iE 8 E
RO PS; ERABBIEHR 46
18.0%, ¥ HHFTPCNMR 4+¥7, ZRRHAE
8 =145.398 f & = 19.216 ~20.013 4b4 Bl
B sPS Hl oPP SEBY M KL, H h M 1

E&EE sPS MY R A B FHBERM, BT sPS
PR LRIES R r] B P S A RE PSP
RYM PP HEY HLERBERTEESY [ 0 W
KEBME, BAH0TCHMEckmihB 4h. 5 10 15 20 25 30 35 40
HPABWSE 6.2% . A5 EFHTER aPP 26(%)

BEYTASHFLEY. WA MMR TR

MERS 4 SEN 11.8%, BERPCNMR Z’:‘m""‘” ﬁ‘:ﬂm“ﬁfﬁ“f”‘*:‘:

PR LR RBLRY. ot btone ol i f sl  epecivdy i
S48 ERMIEBEN =S 4 BB wbes

M F A AT 4, A CpTi(0-n-Pr)s/MAO/TIBA

bk R SRR REEZE-b AR RS RBILEY S ERRRN (R B E

B 29.6%, B 17. 8% FETFH TRBR BTGP, 11.8% FET R RRME 58

40C Aok FT T n P, SEFRBBAY SE BN RS TR THE. Aozt

BRNEHPESH 60.9% 0 PS(EETH THAREEARBERG), 3.2%H8 aPS(HF

ET % THRHBRTERG )M 6.2% 0 aPP(H B MIE N HFHBR).
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TITANOCENE CATALYTIC SYNTHESIS OF sPS-b-aPP
BLOCK COPOLYMER AND CHARACTERIZATION

ZHU Fangming, LIN Shangan
( Institute of Polymer Science, Zhongshang University, Guangzhou 510275)

Abstract A novel syndiotactic polystyrene-b-polypropene(sPS-b-PP)copolymer was
synthesized in this laboratory with homgenous metallocene catalyst of qs-
cyclopentadienyltripropoxy titanium and MAQ. The influence factor of monomers feed ratio,
catalyst concentration, Al/Ti molar ratioc and polymerization temperature on block
copolymerization has been investigated. The copolymerization products were fractionated by
succesive solvents extration with boiling butanone, boiling heptane and 40C THF. The titled
block copolymer with 20 — 30wt % percent of total product, chiefly existing in butanone
soluble fraction, were isolated and characterized by *C-NMR, FTIR, WAXD, DSC methods.
Key words Syndiotactic polystyrene-b-polypropene copolymers ( sPS-b-aPP), Titanocene
catalyst, Methylaluminoxane( MAQ}), Syndiospecific polymerizaticn of styrene



