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¥m. ERSN TIBA BN EABHENE WP ESE, [ TIBA] = 26mmol /L &f fE{L T 1R MK, 58] 12.2kgP/
gTih; BEALTE PERE -7 6 10 3R ) 2 4 7O RRAEE S 2K 2 A RO MR B B MR o, L TR EE B JC VR BE R KT K, (H 25 3%
ZHWMEERT 4. 18mol/L B BAFHEAAHNE NEEHAEYH TR, DEEMARGTELXBR S,
UM AMEG T RRGREBEKEY SPSo-PB. AR EATYN 21.0~41.3m% M EREHRWH

BC.NMR,DSC,WAXD fl FTIRZ FEEi#fT T R 1L .

*ME HESRAELH RS AREEFLE-H-FI-THERELEY SWERT

BHEELEGPS)E—FHAMARYEHET
BBH, CHMBAEXR2INC . AE5RKB %,
WAL FEBm WK RAENE. sPSHEGHRE
MUEANE-ITREENEE,EAFENTTE.
R sPSREX, MAREZH TRW. X2%
He-MRARE, AERYAARESHHERASS
FIFEIE, if & sPS M 2B . HE, RKLA
MMAOIH L EREHEZEBARSA
a BREENREBEST AR, TI(H) HHEF
LDHATFEZBEAMAFHT « BBES.TI
(NBEHPLAEHNTF a-BEESN Mg £
B9 T CpTi(O-n-Pr);/MAO Lk £ LK Z
BENBRBARES EEBRNMARZH KR
BHAM=R THRE(TIBA AT R EEAEE. L
BEW2 XK 58, AP CNMR.WAXD # DSC
SFEBRMT, EXLBYWEHKAFIN sPSHET
MaPPHDHRBEHAR HAERANIEXEARS
BELEERLEZAS L TREESGNIIE
RERL RINERFHAFBARKELN: -
HARFR-BE=FEEL(Cp* Ti(OBz)3)/
MAO X ZB 5 1 THEEELXERS A3
FIMHOT SN EETY SR REEFER
NE BHHERLEY sPS-5-PB, HMEBHEE
YA BC-NMR,DSC,WAXD #l FTIR & F Bt {7
THRIESREHECE -AFUEHHBRERE
YRI-THEBMN ST EMRE(H20%), BXF

ZHHEBRERBERAN. BRI H sPS 895
HEEERXARSYH TRIT.EREARENY.
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i 1L 7 F ik
Mtk EBER(mMAO) AR, 5T
B R -HME=ZFHEEH (Cp” Ti(0Bz);) H
O T #E A C 73.81% (cal. 73.96%), H
7.48% (cal. 7.36%).Cp” Ti(OBz)}, /MAO f {L ik
FEPEHEBRD TIHEAKIT(N), Ti(H), T:
(IS HERERBAASEPT HEXKRA AL
HEFEEMED HEGHTERSRPTH
ERHAER S UL, RER1-THRESERLE
BETHR EXZHBEFEHAIIMAERN =288,
HEHSARPTEEEN oh, AT HIE.
1.2 HEHES
HEANHL.SESEATREIRERETH
CHRBEsAE TRRERER ARM4ASERRA
W R mA mMAO. M Cp” Ti(OBz); M F
AEBR BALTH . EFEAKREL R
0.13Mpa, B4 30min B, Y ENMBREEFH 1-T
BAEN, EMRES, BRMAXEZHMNS
RTHSE AR FFEHEEKN lh. HE 10wt%
HCl ZBEERTLERME. P2tk A2 TRE
HE FEFTRMELEHE.
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R ARTE, S840, S sk 0k § 07
NEEFIEZERELGED. EREHAFTVC
NMR, FTIR, DSC, WAXD # GPC % if.
INOVASOOMH:z # 8 tdR{X, = E P RiF B,
40C ,TMS £ £ i . BRUKER 4 & EQUINOX55
FTIR I % 3% i% {X, KBr 8 % & H . PERKIN-
ELMER DSC-7C *E & Mt , BEAF, 7.
B & % 10K/min. B & Rigakv D/MAX-
12003X-M e $H{X , EHR ,CuKe KR ,Ni A 18
F,2=1.5406 %10 "m , A EE 28 =5-40".
Water-Calc/GPC, CHCl; fEFEN,40C, BEZLB
RETEE.
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2.1 HEERS

2.1.1 4 TIBAXMBRBRXERRMMNER 5
i TIBA M B HESRMAELSEMRESY T
FEUEW WAL TIBAYMAMEELREOH
EEAEEEEENER. Ain TIBA, R 3|
BB EY, XY & H#ESEAYCNMR,DSC
SIRRM  BEHRBAERY AR L-THA
MEEXEZBENLERERYD HEHRRE mMAO &
TMA 8N 18.0%m, A& R F TI(V )X
B\580.1%,7 Ti(I{X K 19.3%, Ti(V) & H
FoERRA MAHNTEZHRES HK, T
(IEBEFATHEZBBA  AHTHIL - HEE
4 . TIBA A L% Ti(IV) B E2N Ti(l ). Bk 1-

1.2F
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Fig. 1 The effects of external TIBA on catalytive activity
and molecular weight of block eopolymer of styrene with 1-
butene

Polymerization conditions: styrene: 20mL; toluene 20mL ;
AMAO) /Ti: 200 { mol /mol) ; [ Ti] : 0. Smmol/L; Py *
130kPa; 1-butene prepoljrmerization time: 30min;
Prepolymerization temperature: 30°C 3 styrene 1-butene
copolymerization time: 60min;  copolymerization

temperature : 90 'C

THAE—FMAE, HBRHKXN L-TH, 55
MiERK TIRA TUHEL-THESH "D T
(W)EHEPLEEN TI(IDE&EPL,FHEMA
REZEREAER 1-THES TI(MHZEMEA,
HEEZBAARS FRAFARELEY. BFHS
bn TIBA B9, 3t 3 5 N AE L 75 30 K, %4
m TIBA = 26mmol/L A, #ft EH R KX, R
12.2kgP/gTi-h. B2 TIBA i AR £, %R
EREHETFRE. RETEEIRMN TIBA 2
HEMTEZBES TI(DEE S LE—FE
X Ti(l),®A2 7 Ti(HE#S L% E, R,
TIBAMMARS X #EMKERBRMAES, I
EWM4SFEM M TIBA R mM /D, 8
FEHWHEE TIRARTHEHEBANEM. St
TIBALEREZBMELE KEAERSHE
L5 ¥ ML, 24 TIBA B3 4 26mmol/L i, %
S E N 63.2% LB BAMA.

2.1.2 WENBEMNEBEERINOER #EHR
MEFE AN R BEAE T 1-T 4% B B ) R ik B
HESRMNHER, REX1L.ARIATDELN LT
EWmEMARK XBERVINBEBEERED
BEAER) REATHRRE I-THERARMER
KAEREI-TRARNEBRE, KRS ESOUNT
EXBAPHET R, FABLERE PO EQET
Sk atm K, EEPOCEE T EEP L
HEHBMAENREBRRS.

Table 1 The effects of 1-butene prepolymerization time on block

copolymerization of styrene with 1-butene

Run o Actvity  C.8 M,

(min) (kgP/gTi*h) (%) (x10%)
1 15 13.1 71.8  4.13
2 30 12.2 63.2 4.56
3 40 9.8 489 4.3
4 60 6.4 28.1  4.28

o

M,/

[
= oo th
TEZW

! pee : Prepolymerization time; [ TIBA]: 26mmol/L; C. S: conversion of

styrene; Other conditions are the same as Fig. 1.
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REBES EZ MBI, BN AL EH
ERE NS UL THEESXEZBEARESTN
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FEBREZEERHE AT 4.18mol/L LLfF, &
hEHEEZ RO R RN FHE AR
FOBUEE AT 4 18mol/L G, X BRENEBEE

Table 2 The effect of concentration of styrene on block

copolymerization of styrene with 1-butene

Run  [St] Activity Cc.S M, =
. M, /M,
(mol/L} (kgP/gTi-h) (%} (x10%)

5 1.67 1.31
6 2.79 4.2 36.5  0.52 2.01
7 4.18 12.2 63.2 4.5 1.81
8 5.02 12.5 64.9 4.58 1.79
9 5.58 12.6 65.5 4,60 1.77

[St]: concentration of styrene (mol/L); [ TIBA]: 26mmol/L,
toluene: 20mL.; C. S: conversion of styrene; Other conditions are the

same as Fig. 1.

AE 90T, KM 0min 4 ,®RHE sPS AFEE P
MELR GREEHBHNE HHEER X288
By BB K ZERECREZIEM.
2.2 EEWHN
FABRAEERMESHHITLHE. NG
Wl EREIESA2GCEAXNE L-THA
MRERZEIRDHRER . GRALRI MK
3T, B I-TEARWC 2BETLEN . &
EWR THF RBEGPELE X285 1-THE
BRERHETH THF AREN . A ZHS5E
ABEHER2L.0-41.3wmt% KPP THBEY SR
M 18.7~41.7wt% A THHHAEAREL
HWGPS) THAREZB (P BTHRTE.

Table 3 Extraction fraction of copolymerization products with various solvents®

Run Fraction in solvent{wt% ) mol% contenets of S and
Boiling Coal Boiling Boiling Residue B in block copolymer®
butanone CHCl, THF CHCI; 5 B
1 4.5 3.0 7.1 13.9 71.5 81.3 18.7
2 4.3 2.2 8.9 25.2 59.4 76.8 23.2
3 4.4 2.8 11.0 25.8 56.0 66.4 33.6
4 4.9 4.1 13.8 27.3 49.7 58.3 41.7
sPS 3.6 0 0 1.8 94.6
FB 1.1 98.9 0 0 0

* The samples from Table 1

b Calculared from feeding monomers and extractive result
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B2/ Run2 #£ % THF M &5+l &Y
BPC-NMR # B . EAENB §=145.2 L F —
TsPSHBERLECLMBELLE,5=44.0
M 40.6 4L FF7E SSSIFFI S M P A S, M Telk A9
Bast) E §=10.3~10.7(CH,),25.6 ~27.1
(W& -8 CH,),33.5~33.8(CH) #1 38.5~
30.2( %% L& CH,) 4 i 30 BBB ¥ 51 4 HW 00 %
i %% #8 3 Grant,Paull”’ #1 Randall ¥ H & H &
HWTHZBERS |.THEBRHAERL M T ®
FFod¥ 0B KEL(CH)=384, R E
(CH,)6=38.5(E 2) . PC-NMR ¥4+ Hr ZH R
FEFAFERIFFIER, IERBRBRLEEDHR
iE. R THERENSTERD S ELPCNMR #
T, 2HEXERNEXZB(POYRMBEDE 1-T
HBEGABYOREAARELSE.

FTIR A8 T3 THE B R wy
BYEBBLEREY SKRELEONALFERA
HEHEA, EM6 FTIR B#¥E ¥ M €. Run2 7
% THF A ES PO BYM FTIREERHE 3.
HELRPEHRYAL . G FTHREXEYDY
FELTRERM PSEHER HE KBLXEY
B FTIR &% A 775 9 f B B O 0 40 50 VR I 45 1
¥ 3026cm™ ' R ¥ K —C—H 1 % 1§ 35; 1601
em 1,906 em” 1,750 cm #1697 om ‘BH A
BMSER C—H MMM sh A XML A RIK
B;160l cm ' EERFEMNBERKE. £
2800~ 2900cm ' A1 2900 ~ 3000 cm ! M {7
CH fi & %= 30 B1 & iy & 37 & 1 ¥&; 1450 ~
154lem™ b A EBO TP ES HIRSHB . 7
1378 cm ™ B A B0 60 S5 NS B H T gl O sh (R
HRE)A XA RS HHEYRYR L-TED
5.
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Fig. 2 "C-NMR spectra of block epoolymers from Run 2 in Table 1
a)Boiling CHClz-soluble fraction ;b)Boiling THF-soluble fraction

Endo

A

40 40 20 200 280
T(C)
1378 Fig. 4 DSC curves of block copolymer from Run 2 in
4000 3250 2500 1750 1000 500 Table 1
v (em™) 2)Boiling CHCl;-soluble fraction ; b)Boiling THF-soluble
fraction

Fig. 3 FTIR spectrum of block copolymer from Run 2
in Table 1 and homo-polymers

a)Boiling CHCls-soluble fraction; b) Boiling THF-soluble
fraction;c)sPS;d)PB

X $% THF M KT EPRT T DSC &
#7, B 4 B Run2 3% THF #3% % {5 7T 5 4 DSC
K.HEHKAMB AW HHALHE(T,), X ”J a
YER T,=- - 18.TCHYEMER 1-THEMN T,
(-254C)H,MAM T,=92.1C{ETF sPS M
T,(102.8C) HBYMIE A T, H 263.5CHF 10 20 30
sPS MM 4 271.7C . — B U B BB Y B 260
BXEY(sPS6-PB) BRI BYH T, A T,

Fig. 5 WAXD diagrams of block coplymer from Run 2

S5ZRBRYN T, A T, HHEd, 2E KL in Table 1
HEWHERLTH BB PSEFEHENHE a} Boiling THF-soluble fraction; b) Roiling CHCl,-soluble
HolEM DSCHEPRLBABBREEYDE 1- fraction

THRBBHRMENGN RO TENFRERMK.
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% THF fi# & {5 B9 WAXD E i LE
SHAESTUELE GTREXEYPHFER1-
THER, X sPSHERTETERN MHEH
K. £ 26 =8.0°,10.23°, 17.10°, 20.7°,
23. 2k I ME B E Z BT 45 Wby
THRP A WAXD B (B Sa) gkt w5

B THF TN Xray A MBEES (B
5b), BN 20.6% MHEWER 1-THE 28
=11.6",12.1°,17.3°,18.6°,20.3° b B IE T &
B BERXEYWAXDREFBREE L-THN
HEHHE XU THBEXEDDPRIL-THRER
Aedh.

ShfEl 28.2% , b Al sPS M5 & (46.8% ) K.
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SYNTHESIS AND CHARACTERIZATION OF BLOCK COPOLYMER OF STYRENE AND
1-BUTENE FROM TITANOCENE/MAO CATALYZED COPOLYMERIZATION

HUANG Qigu, ZHU Fangming, WU Qing, LIN Shangan
( Institute of Polymer Science , Zhongshan University , Guangzhou 510275)

Abstract The stereospecific block copolymer of styrene and 1-butene i.e. sPS-5-PB was synthesized with
7’ -pentamethylcyclopentadienyltribenzyloxidetitanium  (Cp™ Ti ( OBz ); ) /modified methylaluminoxane
( mMAO) catalyst. The effects of external triisobutylaluminium(TIBA), prepolymerization time of 1-butene
and concentration of styrene on catalytic activity and molecular weight were investigated. T}_le catalytic
activity of copolymerization increases and then decreases with successive increasing concentration of external
TIBA, and exhibited the highest value of 12. 2kgP/gTih at [ TIBA] = 26 mmol/L. As increasing
concentration of styrene, the catalytic activity increases at first and then level off. But it decayed with
prolonging prepolymerization time. Molecular weight of the polymers obtained decreases with increasing
concentration of external TIBA, but it is weak relative to prepolymerization time. Those copelymerization
products obtained were extracted successively with various solvents to separate the existed homo-and co-
polymers. The block copolymer of sPS-5-PB are soluble either in boiling tetrahydrofuran or boiling
chloroform. It accounted for 21.0% ~41.3% of the total weight of copolymerization products. The weight
percent of 1-butene segments of the block copolymer was in the range of 18. 7mol% ~ 41. 7mol% . The
block copolymer was characterized and confirmed by '*C-NMR,FTIR,DSC, WAXD and GPC methods.

Key words Titanocene catalyst, Copolymerization, Syndiotactic polystyrene/polybutene block copolymer,

Structure characterization



