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Abstract: Syndiotactic polystyrene (SPS) is a specialty engineering plastic prepared by transition
metal coordinating polymerization of styrene monomer which has excellent physical and chemical
properties, and SPS are widely used in various engineering and technical fields. Mono-cyclopentadienyl
Ti and rare-earth metal complexes are major driving forces in the preparation and production of SPS.
This article provides a brief survey of the effects of cyclopentadienyl substituent structures, types of
active metals, and co-catalysts on the stereoselectivity and polymerization activity of styrene coordination
polymerization.

Keywords: Metallocenes; Titanocene catalysts; Rare-earth metals; Styrene; Syndiotactic polystyrene

SIA: BEZk, SO, Z8h, BIEASE, Ak, BEGE, BRI, A . SR oM B R A S AR
RO BT8R, 2025, 38(5), 760-772.

Citation: Kang, D.; Wen, B.; Sang, C. G.; Hu, H. F.; Zhou, Y.; Mao, G. L.; Mu, Y.; Xin, S. X. High efficiency
monocyclopentadienyl-Ti and rare-earth catalysts for syndiotactic polystyrene. Polym. Bull. (in Chinese), 2025,
38(5), 760-772.

K2+ 400, 78 F Max Planck 5F 78 Fr (7 F i) Natta F1) F 1 I < Jm Be A7 3R & i 4 70 28 47
Ziegler FI A B ALl fe B4R S SR &% & 7 M SLAR U 5 1 R A Pl 20 i 42 80 4F
VAR S T CHmE R A 205, Bk AR, DU K% 1 Kaminsky 55 & I 7 H A48 AU bt

2024-11-25 ik ,2025-01-06 55, 2025-03-24 ®2% H i
FATH  EHRARPHEEES (45 2172024)
THEBER I E-mail: xinshixuan@petrochina.com.cn
doi: 10.14028/j.cnki.1003-3726.2025.24.359



5 3 RREKEE et 28 BB B - < R AT 5 ) R 0 761

(methylaluminoxane, MAO) X /' 4 & P A2 & & 1#
W R AR AR P

23 MAOTEAL 5, 7% 4 )& 4% & W B AL Ts
PR ZE ST, AN SR &4 () 53 1 B RO 45 A4 1
FERE AR R TR G R I R RE S A, TR
4 )& 2% 5 1) IMAO R {1 R BE 05 035 2R 0 1)
TASYERE, BE AR T i A A e I AR T R
FAYG I . oAb, ZRM I it v B ST A KB A R 37
A i BB 45 A6 40 58 TN 0 (1) 0 5 1A A s PP A 25 A
RN PP Mt R G S EN S - R T 2N
IR ILERY) (W mLLDPE, POE, POP). ¥ 4 k¢ 58
E W (COC) LA Je F Al 37 A7 K08 (1) 45 18 564 (an
mPMP, mPB%5) )& 1, 0 & 7 I e i,
R 1 S ™ v 1) S FH A

M9 HZETF 4R, BHEFATHXN R CIFE R RS
BT T REMAY., mynad g mERE, 153
T TG M ST K4 3R AR £ (atactic polystyrene, APS).
APS [)FF A A7 AR, BT, A RN
AE O T EE, T ML AR . APS 1 3 B AL I BE R
100 °C. 20 tH 40 50 44X, 72 {8 FH 3 3 A0 1 {4k
RIAT R CIHR AR, HIRORI T EME R M
(isotactic polystyrene, IPS). IPS [ 3% 38 b iR fE 5
APS A, {HE 4 i U A 250 °Co XK
IPS7E100 °C LA ,250 °C LA (#1375 4 vl LA .
IPS (1) 53 4N SR H AR AU 45 Al FE AL, 3 m
T SRR PR R A S (N TR . RS N R
T RE A TN bR 2 o A I B AR BT, (HIX I AN RE 58
450 IR IPS v BAE #5748 O FLAR B IR IR e it AS 45 1)
S TR B H A A 485 B g e .

751986 4, H A ff) Ishihara fi ] 4> & £k 2% &
PIFIMAO I35 A0 e A A4 22, D& s 1 Ta) B3
LN (SPS)®. SPS % s ik 273 °C, HAH
B gt R U, S KRR R T TR
25, BRETIRERASEENTESBRA RS
HEAAA R TT R BERE b, 3 45 8 /MAO fi Ak A=
7= 1 SPS T~ 20 140 90 4R AR R S B R Lk A6 .

AR LA BRI 150 9 BB OR B A
&R 4 S B S AL R S5 K% SPS £t 5
PERERIFZIA, DL K SPS 1R FH 1L o

1 SPS&E&E EF-KNA

1.1 SPS&H
YEN—Fhr B TREEERL, SPS BA SaE & K

I LR B AR ASRARIBIE P DL e AU n T
RESERF . BbAh, SPSHIE A4 £ f AL 45 F Xt i T
SN AN S T S5 R 1Y SPS LA [F] 1)
VIERRE . T S R A L2 e A D T
S5 A AT DL S BIUART E ait B 1H 2 s A ot 28 ) 1 LA
Ao [Fk, SPSMIL IR A TS5 e DL &
TEANRIN TIREE T B Re R I, A Ak 2 5 3
AR ZE HA5. XEEHE FEANCE B TR AN B f# SPS
(14 R AR 252 AR R AS 22 R AIE , O R A1
BN AN T 2R T R A .

FEFMLBOIN T 564 T, SPSRERETE il 2
FaE MRS MR, 20 DUE AR RS
P2, Horbr, o i1 B 2R R BT P TR A IR R 907
BEAET G N AR, AL Z R, p A0S 5 TR U] DL
BER o T EE LM N BB RFE . B, a1 B s
AT DL A R G i A B R IR R TR K Ak
HER IR, 1y A6 Ff B o] DLE I 5 JE RS B a
At A5 1) SPS HEAT VA 7 Ab SR sz g 1),

SPS AN [A] iy 8 2[RI PE ARG 58 254 R AT L B AR
e (B ). TEMERSS R, @ SR
AT o s AN S AT ) B AR Y . T
IR KA S A SPS K Sl 3 p o L 45 T DASR A 4
W58 AT of AL, T I VAR i R
T ] DA B 500 5 4 I B I

W70 R B, PR A H 2 miOR &, BLTE
<230 °C [ 45 diifi B2 N EAT I Rl i, BEE VAR JOIR
A T 4, S0 e o B TER .
XoF L, B v (R A BT B AR Y R AR i, R R AE
YRR R 260 °C I, S ALSe B Y dh ik . Xt
o B4 AR AT I R K AR R, T DAFRE AL A B 1) B
RIS, LiZEHH, SPS (IS s HE X A EE AL
Pege A E R U, SPSFEM MBI )1k fE AR
525 S A AR R, RIHXT SPS &4
S5 R IR NI 9T BE 25035 SPS 1 22 WL BT 1 A
A 8 L7 b 7 P Y BB T AR S R K SPS
PRI AR 2245 T AN T A 9T, B2 o T
o- i M [P RR T B 43— v BOAE 2 TR TR B RS 4544
1.2 SPSEFREH

SPS 1y — Fh i #4: 1 TRE SR, A
2% LT FAVERE, SE A R I A 2 A E TR
HLZE 2V, SPSIE 230t JdURe ) e 2= 1, 1S &
FE G2 N A8 A, % 52 T bk o 10 SPS 1 /51 4 Rl
AL LB A 5T 0 TR 2 R s, Iz A R



762 [T M R 1 4 2025 4
|
v S
O . WAL
Oo o « b4
A e
AR
&~ I & s VA
<["E = «ERE ] e
m =
® a
GG A . >
v ;"TF
AN
Y| Wk .
3 JIEQ TR ALEL
) _ AERSHEAY
B B po| s |«
‘5 ‘;4 e 7> 150°C
= M= ﬁn <
i 5
f o | | b
GEHT
RFRI AL RS i LR

B 1 AE &S SPS B B AL & Ak

Figure 1 Conditions for transformation of different SPS crystal forms
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Figure 2 The helix spatial arrangement of SPS a-crystal
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Table 1 The application of SPS materials
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(d) 255 16~23, Nomura et al.
Figure 3 Cp'Ti(VI) complexes: (a) complexes 1-5, Ishihara et al.; (b) complexes 6-9, Kaminsky et al.; (c) complexes 10-15, Liu

et al.; (d) complexes 1623, Nomura et al.
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(a) Ready et al.
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(b) Xu et al.

(¢) Qian et al.

B S B R AW : (%AW 24, Ready et al.; (b)) 5 25~33, Xu et al.; ()45 &%) 34~36, Qian et al.

Figure 4 Indenyl titanium complexes: (a) complex 24, Ready et al.; (b) complexes 25-33, Xu et al.; (c) complexes 34-36, Qian et al.
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(a) Carpentier et al.
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RE =Y (45)
RE = Nd (46)

|
R RE
/
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Me;Si
H-Sc, RE = Sc, R =H (60)
H-Lu, RE =Lu, R=H (61)
Me-Sc, RE = Sc, R = Me (62)
Me-Lu, RE = Lu, R = Me (63)

RE =Y, R = Me (55)

(b) Lietal.

(c) Shi et al.

TMS-Sc, RE = Sc, R = SiMes (64)

TMS-Y, RE =Y, R = SiMe; (65)

TMS-Lu, RE = Lu, R = SiMe; (66)
(d) Shi et al.

5 LM BEEY: ()45 37~46, Carpentier ef al.; (b)25 &4 47~50, Li et al.; (c.d)2%-&1) 51~66, Shi ef al.
Figure 5 Fluorenyl complexes of RE metals: (a) complexes 37-46, Carpentier et al.; (b) complexes 47-50, Li et al,;

(c, d) complexes 51-66, Shi et al.
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Table 2  Effect of fluorine in borate on catalytic activity

MR AL TEALIE T (kg/gTi)
[NMe,PhH][B(CgHs)4] 0
[NMe,PhH][B(CgH,F)4] 0
[NMe,PhH][B(2,4-F,C¢H; )] 5
[NMe,PhH][B(1,3.4-F;C¢H,)4] 10
[NMe,PhH][B(C¢Fs)4] 250
[NMe,PhH][B(3-(CF5)CgF4)4] 20

A HAF: K210 mL; Cp'TiMey, 51077 mol; iz £:,
5x1077 mol; TIBA, 3x107° mol; B4R 70 °C; B4 0T 4 h

| + [DMAO-CH,SiMe;]®
R

Figure 9 DMAO activation of mono-cyclopentadienyl rare-earth dialkyl complexes
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