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4(Sequential block copolymerization) HBF5E. #8 T X ZMBRAE, Bk, Shm
A FIR(EB) Si BB PR ER RS RES AN ARENWE M. KIS
(EB)MHK T B A RMAELIEYE, £ EB /TiBE/RE N SHEEMN, SR TRAERERL
EY)(iPS—b—i PP) & PS Bt PP BRI MU R MAEZ BB N S &, SNEEARNEZ
B — HS BRI R S A RIS, ORTE 1000 REY /g-Ti X L. LEYE
ABEAERIRGEHBYG, TBRBEARYFEZBHEYERTE 15~ 85mol% Z[H
Y. HEHERELERLE 1R

K@iF  Ziegler —Natta #bH], X2 - WHILRY, X8, WA

L AREZIHPS) MEHMRFRH(IPP) WA R K MRRE, (HRTERIMEK, FE N
HRRHEME. YA BULEA Rk LRYIPS-b—iPP, ATEB/E—MHAEST AR
FHEL A 2R SRR IR A KSR 28 - R R B R YRBTSR D E, B
ST PR AR BB R A TR YRR TIAELASER. D BOUR g RE R G R At
BAK, i BB YEMAE, HR-PEERHRYNORILRYSES AT B
B 2. Soga® fl TiCl,— Cp,TiMe, BEALIKR BRI — PRHITIRY, HERaR
BIE93% ULk, HEZHEBETSRIA Imol% Z 1 ELA4E L 89 31 5% ¥ A S 1.
Bertinotti )% 1% #i 18 % Fil Ziegler — Natta LR & B T 45 S HERIH L% — Wik BOL
BY, AMUSEARGRELEYR L BRA=Y 20%), i BT A M EALRRERS
REHARYPEZBET SR, WARBEAFNIRGEE, EMERLRYPE
IR & X — R R ARG, A SO TR L NdCL BRI B R =
AEALTI(SN BRI SRR IR AL R A, REALBCRM i BOL R Y13 3. Rk B
SERY PR E B BAOE T A BEFEN AR, SR RILRE RN H
RHAT s
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1 LR

1.1 AR ELT

HEBRA AR A, AR ZERLHE 13h, ARSRPTEE BETERA
EATHATHASRD, BRARAAEERE, ERAKTRAESH. XZHA0HHR
#, % NaOH BB RB LM EN, REHILKANE TR 24h, B CaH, 4 H
2h, BEEASEPTRERE BETRAELTHAFRASRS S, ERALKTRES
. FRIRERAE, RNED TR KEEM. SN RMELNK AR N TiCl,,
NdC1L(OR), /MgCl, / Ph, SiCl, /EB, FILBFEE® K%, GEEN 3.5wt%. BEHATH
AliBu), iG k.

1.2 BAHE .

KA PR IR, AL M A AR AER 250ml EH =FURES TRERE )G,
BN 100ml B 21— & B I # AIGBW, f1 EBIR& W, HMA SN BN, &
50C A1~ 10min, BEFAT ST EAAREMAELRE B, BERE —EH
B, BEERESLEAV RS RABTRRY. AEHRETRBREARE, ¥
ARREEETHT. BE—ENAERE 10% ERNFBBERELEN. FYL%
%, HZ T, KREUTEMRLBE.

W LB R R 0 P U P e B, TER(80 C ) B AT BL, 4r BB Rl i/
EMBRY: TARFE EASSHAREZHE, BREAGAEYH - ARFRE
10 C EERRESHAERRBIEY, B LRFEL. THERGABEYEER o— &
RESDEIOCTHIST AU TELEGRESARABHIRYNERRE AR
Y. EEYAMS B AT ES TR *C—NMR #$#iE, HiEL BN SRR B
ERY(iPS—-b—iPP), KW SHEERMNS UHME. TRMETEELHE SR

St%(wt) =(C%— Cp%) [(Cy-%—Cp%) R C% HILRYPHRME S ERLN
{8, Cp % 0 CSt % A H NRBMAEZMEPRAOERE S ERAE.

Y TR A EE Waters 150—CALC /GPCUIE, WHHERELBEIENKIE
H.

2 ZR51E

2.1 FEZHEBENENLRSHEINE

KRR R L R A E M Z K, Soga A TiCl,— Cp,TiMe, #E {1k
EHTRLBARB IR AP E M B ERRSFHA r,=0.37 M r,=130. Kf1H SN E
AR TR Z BRI R IR A B AR R RN S 51K r,=0.47F1r,=877. HIK,
N RBRARS P E EHBEZAE RSN, RETIRFBRALRE. R1IAA
FXZATRAN LR SHEMER. NEATR, BEERZBBRGHEREMD, It
REYRE RO SR, SRR 25 TR E A BT T R, EBUR
)3k 25 B AR E THRERERMATEEAE. BRESIEELRETENE

BEEEERNARMERA, BT RERENEZEEEE DO RAERE, R T
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BMEHEP O RIFSLREERIER. A SNEBURHSTECKE - ZHRIEREGHE
HRBRA L EARE, XU SN AR E LA —o— BRILRGHAHRKILRYE

.

Tab.1 Effect of prepolymerization time on catalytic efficiency and copolymer composition®

Run Prepolym. Catalytic efficiency Content of styrene unit in
No. time (min) (gP /gTi) block copolymer (mol%)®
1 0 2100 10.8
2 5 1850 20.9
3 10 1625 32.8
4 15 1530 40.5
5 20 1300 63.8
6 25 1140 72.4
7 30 1000 83.6
8 40 989 —
9 60 995 —

a: Catalyst system: MgCl,— NdCl, - TiCl,— EB—Ph,SiCl, ;
Copolymn. condition: [Ti]=2.2mM /I, Al /Ti=15, EB /Ti=4, 65T , 2h., p=0.1MPa, toluene 150ml,
Al(Bu), as cocatalyst, comonomer feed ratio [St] /[Pr]=50 /50(mol /mol)

b: Calculated by elemental analysis

2.2 SRR
M&E 2, RERALHIASERY PRSI, BERE. EXRiG
OB AR IIMEE 1000 f5LAE, SER=Hy-ha 2 M1 & 2 U B 2 1k Ee o

LIBFRMAMRE, FZBETIRM 153 85mol% L.

Tab.2 Influence of comonomer feed ratio on catalytic efficiency and copolymer composition®.

Run Comonomer feed Catalytic Conversion Composition of

No. ratio (mol /mol) efficiency of styrene! block copolymer®
[S): [P] (gP /£Ti) (%) S: P (mol /mol)

1 90:10 980 61.3 85:15

2 80:20 1050 70.7 70:30

3 65:35 1200 78.2 60:40

4 55:45 1380 78.1 50:50

5 50: 50 1537 80.3 40: 60

6 35:65 2410 68.1 30:70

7 20: 80 3000 50.2 15:85

a: Copolymn. condition: prepolymerization time =15min, other conditions see Tab.1I;
b: Estimated by copolymerization products:

c: Calculated by elemental analysis
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B TR L Nd&&Yb Nd AR FER(ND? R AR TiC ), #EEEPOHS
FHEERA, Lk NdKEYH OR EZEHAH F&, WEEEPOHIFENETE
WK, AR REBECARIEABO RN K R MR &S T RARINELEE. 5
b, AIEERENIBEFIHESELBS F o EXBHB TRHEEER, FEZAE
ERBUERAIEEIER, AMESTEZBEA LM EEEMERSEE.

2.3 5MES(EB) XEBSRIRIE

L FER(IMEB) N a— HMEEMBESEHAMR S LEMBHBARKEZmM.
BARGABRFRERSEEPORN, #MREREHEESO0; [N, EEEYM
RBAE MgCl, L8 TiCl, WEHEES O 5IEEHEE PO P H R EN, NmERHA
MBI IESEREE PO, HEKEEPOEBMESE LR EEY RESHEAS
O K BT RER THEEBER K" B4 8 TN EB) X a— BRS5EZHLRAH
H B D,

A 1 RAHTEREB) ME LM - WMIIT iR E MR AMEm. SRR, #
L3R BE EB /Ti BE/REE MM 22 F#%, EB /Ti BERE N 8.0 &£4A, HEAMELH
7. WFEILREPEB|TIE/R/NTS SR PR MR S BMEB /Ti BE/R LM
MAFRR. SMEEMIMARA TRELEYPEZEHT TR, JEANEEBTHEM
RELHHEEEMRNES, BEEHEMHZER. HEB /T B/REET S £/, £REY
PRIFBHTSRRE TR XRERMNERE, HATERERHBEEER OHERMS
P 3L B A N 3% BH 3k 58 2 Bl .

[:¥)
—~ =}
= C N £ C B o
) 2000 80 R 2o 100 100 -4
2 ¢S & -5
7 1500 60 £ ¢ %290 4% 5 &
g : il = 59 _SJ g
£ 1000 440 SE Eg % 480 28
8 £§8  g= P
s g 8 R d 8=
g 500 420 § 2 $E 70 %
8 =2 =
0 | | i | L 0 L4 1 1 1
0 2 4 6 8 10 0 2 4 6 8 10
EB/Ti (mol/mol) EB/Ti (mol/mnl)
Fig.1 Effect of EB /Ti melar ratio on catalytic Fig.2 Effect of EB /Ti molar ratio on

efficiency and copolymer composition (copolymerization stereo —sequence  structure of block copolymers

condition: see Table 1, prepolymerization time=15 min) (copolymerization condition: sec Tab.1),

prepolymerization time=15 min)

LEYIH PC~NMR BT R EE, RELRYPREERENEHNEMEB /Ti
HsnmREE s, £ EB/Ti M4SEARMBTEE, MARKZHRENEFMREL
B EB /Ti LI MM A FriEe. {845 EB /Ti .3 S0t, HEXZBBEMNSHERE TR
MARFISBAEHL(E2). XTEEHTINEEB) X —ERE, R5RERS
A8 B H EB 2B ERE P OMIESREER O FENEAE, R EREES
DABERSNSEREEPOEMEER. EX2E - CF -1 XREPHNERX
IR
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2.4 E{FIREAER

R 3A W, ARIMEE ST TR M E - R EE, A7E[Ti]=22mmol /1 £
. MEZBHRAERELES o— BEREAERR, MEARKELIEH, dTHH
MEBERNEETR, BEERRTEMEYHEE, HRkmy 8 ERERZHE, U4
EBCRBEAR. REALFIMREE MRS, BTN SEREEMERE, FEASTIAE
CHBE. BARKEMLEREYARNEHALHE, LRYAHERES E AREATK
BER K & A A5 k.
2.5 RELKEARID

Al /Ti BRI H 0% — PRI RS RO E m & 4 Fras. BE Al /Ti 8840,
HEALBCR IR AL, 7E AL /Ti=15 (0 B BUEE. BoSRFBEKE, #E%
RNEH TR, BT8R TEEREREEROOLEAS, BXREHHEUR. 84K
WA/, A REEE—TE, WA R LR R £ M O T B AR
HEZRTEEWE T BB RESERY =M — S ERR MRS, XY
PR BT S EREAL Ti BRI 2R RER. X5 SN ELAHTES
- ZRERAHAE -3, BAIXERZHEENRSTELME Al /Ti B4LER
REAEIRY. W, HE=RTEERERS, XRYNSTERETHR, XERI=R
TEEAGEREGRZPR-MEENBREBA.

- - 3 -
2
= 80 = - -
E’ _ l’é 2000 2 xi
) s % : i 1=
5 o & 7 WE n
<} > g2 . _
ks o 5 a o X
2 °cg B £ 3
g 5 s £ 1000 q%0 £ 8
- S e A B A LR
3 e § S0 z 5
S S ‘ 140 g 2
0 L L L 0 0 | | | | 20 S 2
o 1 2 3 4 10 20 30 40 =
Ti(mM/1) . AYTi (mol/mol)
Fig.3 Effect of catalyst concentration on styrene / Fig.4 Effect of Al /Ti molar ratio on copolymerization
propylene copolymerization (copolymerization of styrene with propene (copolymerization condition:
condition: see Tab.1, prepolymerization time= 15 min) see Tab.1, prepolymerization time=15 min)

2.6 REBEMNLBESHRIE

RABEMERAMERRBENERN. —FTHIIERSHEREREH K, 6
m, FREEEREEBERM, 55— mNERR AR FERERER AR
TS FEAIXTREAR. BLAh, Wt ORI ZERRIE R R AU TR R, B9 FwhE
WP FHE TR, BT B R R R MR RN R A2, HmaR
FEBRKAEESFxn). hESTR, #AMERRTBREARHECERRISR, #
60 ~ 70 C Z AR Em. RRFYPEZBETIRNERRELESE, &



Wb¥%: F SN BRI G BAK LR - MR BOERI BT

414 L RE&AMGXEREGRNAENR 421
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2000 |- 2

M,

1500 60

Catalytic efficiency (gP/gTi)

$a

<
Content of styrene
in copolymer (moi%)

T(T)

Fig.5 Effect of polymerization temperature on sequential copolymerization of

styrene with propene {copolymerization condition: see Tab.1, prepolymerization time =15 min)

ZAR PR PR IR R, R EREL S, BTN TR LA BRI EAL
MERK, AMRZBAARSYHNBREZHEM. NEHETER, XRYNS TR
(M,)ERSBERRAT T, FERERBRNEELERR MESRETR,
ERBRFNHEREERTESKEROBKREE, HRB-UH TRTHE.

(1]
[2]
[3]
[4]
{51
[6]
[7]
(8]
(9]
[10]
(1]

(12]
[13]

38 % X ¥

Gehrke K, Schimmel C. GedEast) Patent, 108547, 1974

Castagna E G. US, 3937758, 1976

Kawasaki M. PCT Int Appl, WO 405446, 1991

Soga K, Yanagihara H. Macromolecules, 198% 22:2875

Nocci R, Attala G, DelGiudice L, er al. Eur Pat Appl, Ep 99271, 1984

MRME, BEaRR, ARRX. RoTHE(H), 196 23 103

Xu G (92 ), Lin S(#k % ). Polym Prepr, 1994 35(1): 686

FER, Bifs, MME. B FER, 1988 4 268

Kang S K, Ok A M, Ihm S K. J Appl! Polym Sci, 1990: 40: 1303

Busico V, Corradini P, Demartino L, et al. Makromol Chem, 1986; 187 115

Lisola I E. “ The role of donors in supported Ziegler —Natta catalyst chemistry and stereospecific
polymerization”, Presented at “New Frontiers in Ziegler —Natta catalyst chemistry”, Corpus Christi(Texas),
Nov. 30— Dec 2, 1988 ‘

Benaboura A, Deffieux A, Sigwalt P. Makromol Chem, 1990; 191: 2047

%, THER BHEHA%E BELES, B8 DHREMRE, 1985



422

I

4 F

4
4
£
H

SYNTHESIS OF iPS —-b—iPP BLOCK COPOLYMER
WITH SN CATALYST

I. EFFECT OF POLYMERIZATION PARAMETERS ON SEQUENTIAL
BLOCK COPOLYMERIZATION OF STYRENE WITH PROPYLENE

XU Guangxue, LIN Shang’ an
(The Institute of Polymer Science, Zhongshan University, Guangzhou 510275)

Abstract Sequential block copolymerization of styrene with propylene were carried
out with TiCl,—NdCL(OR), /MgCl, /Ph,SiCl, / EB catalyst (called SN catalyst) which
was developed in our laboratory. The influence of various polymerization conditions
such as styrene prepolymerization time, monomer feed ratio, external donmor (EB),
Al(iBuw), concentration, catalyst concentration and temperature on the copolymerization
were studied in detail. Ethyl benzoate was found to reduce the activity of the catalyst.
A much higher incorporation of styrene and higher stereoregularity of each segments
of copolymer, however, were observed withinmole ratio EB /Ti=5 while futher
addition of EB reduced incorporation of styrene and suppressed the stereospecificity
of PS segment. SN catalyst was found to give higher catalytic yield (over 1000 gP /gTi)
and conversion yield of styrene. The styrene—units of copolymer obtained were
whithin 15 to 85 mole%, depending upon the polymerization conditions.

Key words Coordination polymerization, Ziegler —Natta catalyst, Styrene—propylene
copolymer, Styrene, Propylene





