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RERI TR RAEILRNELT 208, a-%
e e BRI

EESE RKEX HHE
(H2F5TH )

wm =
T T — R A B AR ENL 7. GZ. ZS, ZE, YI. CP. STP. SN, HE ®
82K, RIBATIH AR TH-1. XZBHRE, URZEMe-BR2HE B &
FRE, PR TRCFIAES . Ba&e. ERARRILSESRUELERSMERER G REY
Bm, BERNEIINE FHWE T EMFREEPLRERD Y255,

ZHMe-RNEEREEAMEZ TV A RERERGIAL, NRERMLFN
BAFIOPIT, —EHRES TEXTRTRHRLE, AN SEREXTFEHITHE
ZRa R, '

1 ZHRA AR BT R B

KA LA T R4 A TiCl,/MCl,/ AlEt, i) GZRI 51 B4k LT, 1R
BRHEZRHEED, YHATiI(O-0-Bu) KW HTICLE, HETZHERAEILER
RGZETHBZSE (EAFI, XRATFTTHEIL(BuO-) AR T, REFEERD &
LRHLTE R, BT Ti-CRmE, HAEMTRENRLREKER, #E# &
BEHERRESE(RERL ). GZ, ISHELMNBRAE LS FRNZEREET T2 Hh &

A1 GZ-14eZS-2E 7% L4 9 R & 45 P

Tab. 1 Comparison of GZ-1 and ZS-2 catalysts
for ethylene polymerization

HAEIREE TEAIELE RGN
(kg PE/g Ti-h) - -
(t) CTq gy — (28-2/GZ-1)
60 5.0 15,0 3.0
45 6.2 9.0 1.4
35 4,1 5.7 1.4
25 2,6 3.9 1.5

BEEM. CatlTil=5~10x10"*mmol/dm? ( Y55 )
A1/Ti=150 mol/mol, 1,0799 % 105Pa, $i#HE =520rpm

AX19895F 121 9 B3
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(E1 )P, EMNZRBEFNEEROINE 2, FPZ2S-2 1 4k i ¢ P DIRE
(COBA, HZRBEAGRMWELGBILGIAINMIS, AT THAE X 4E b 4w
RAE#ER.

”~ -~ X
3 GZ- 1N ; ZS-2 M g5
& sy 85 =5 1800f
il 8
m 1000 | 35T o 1000} s35C
5 5
2 25C 3 25¢C
g oo S 50
E Lo A 1 bﬂ: 1. ' L
0 05 10 15 20 Q0 0:5 140 145 240
P k) )

A1 GZ-1, ZS-2B UM ZHREFNFHMER ( BEFHRAEL )
Fig.1 Ethylene polymerization kinetic curves with GZ-1 and ZS5-2 catalysts

£2 EMHERNGCHEREAIELF K

Tab, 2 Kinetic parameters of various catalysts for ethylene polymerization

T Ve [C*] by X10° AE P x107 L
AR _ molCH, _ [TiJactive _ dm®  (kJ) (min)
(C) " molTi-min [Ti] total molsmin mol 1a
(stationary) (mol%)
TiCl,/MgCl,/ 48 180 6.3 24,3 33.8 11.8
AlEt; 35 114 3.8 22,4 0.2 453 15.1
(GZ-1) 25 62 2.1 18,5 50,7 17,0
TiCls Ti (OBu)s 45 249 8,4 23.5 34,0  11.5
3,7 _
/MgCL/AlEt; 45 154 4.2 23.0 43.3 12,0
(25-2) 25 108 2.7 22.1 57.7  14.4
TiCly/MgCl,/ 45 175 6.5 20,8 32,2 12,0
7.8
P%%\JE;& 35 97 3.5 19.3 43.5 15,7
(HE-DMe/ 55 53 2.0 17.0 58.8 22,1
TiCl,/MgCl,/ 45 418 89 3.70 8.2  17.8
AlEt;,ZaEt, 35 268 58 3.16 1.6 194 225
(ZE2) Zaf g 148 31 2.76 10,7 22,4
TiCly/NdCly/ 50 393 4,0 26,7 26.1 8.3
MgClL,/AlEt; 40 303 4.5 23.8 9.2 37.9 1.8
(SN-1) 34 125 12.5 21.7 72.3  23.0

& %&H, Cat(Ti)=5~10 mmol/dm?3 ({51) , Al/Ti=150 mol/mol, 1,0799x 10°Pa,
2h, BEHHEE =520 rpm
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RV ERAEVEEEHIMCHMCl NGZRIMZSEI =7 3 17 &, F 3 &
TiCl,, CTi(O-n-Bu),3/MgCl,/ AlEt,, CeHMgClffbited, A HE Rk {b 7,
EREESHEMLESE (£3 ), BIERTHBESTRRZE, BYHTF BM
FIX500 X 10% X2~ FOTEE, HEEMBRREEIIMN, WEN TRLEC~, FH &
B IE 1 FIALAR BAR SR R AL RIBR A (L R B E B WGPy, JFdt— B (A M p Ly
TEEMK, FATREREMBKRREE~NI,

A3 AMBECHMeClayGZAZSHE v f1 425 s B a5 R

Tab, 3 The promotive effect of CiHs; MgCl on increasing
catalytic efficiency of GZ and ZS type high active
supported catalysts for ethylene polymerizatoin

P Ti(O-n-Bu)./ M I
TiCly(mol/mol) (kg PE/g Ti-h) (%)

GZ-1 0/100 5.0 —
GZ-1+CH:MgCl 0/100 11,5 110
Z5-1 5/95 9,0 —
Z5-1 + CgHMgCl 5/95 14,0 56
Z8-2 10/90 15,0 —
ZS-2 + CgHMgCl 10/90 17,5 17
ZS-5 20/80 7.5 -
ZS-5 +C4H;MgCl 20/80 9.5 27

o &d, CatlTi)=4,3%x10"% mmol/dm® (7Kl ), Al/Ti=70 mol/mol,
Mg/Ti=1 mol/mol, 1,0799x10°Pa, 60T

ZE& TiCl,/MgCl,/AlEt,, ZaEt fkil, BT AIEt hinitbEZaEt,, L
RETZRELEE BREFRETRZEs TR(E 2) . XMEEFTZEL,

14
5
[
Ry
P {10
2 =
x o)
»
I= A
hoss
16 &
#
4 2
r A J S P——— _J
0 20 40 60 80 100

Zu/Ti (mol/mol)

W2 ZEEWHHZe/ TithiELIEE 5 FR2(Mw)iEmN

BE &M, CatlTil=1.0x10"*mmol/dm? ( y5#}i#),Al/Ti=150mol/mol,1,0799 x 10°Pa,45C

Fig, 2 Affection of Zn/Ti molar ratio on molecular weight(/y) and catalytic
efficiency of ethylene polymerization with ZI catalyst
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REECERPERIBEDLERECH (F22 ) ROZHEEFRRIE & 8 38 F % &
(F4 ) BEMXDD,

Foa GZAR, ZEAUMELA 6955 45 ik B0F S0fe FOL 5 1L R

Tab. 4 Chain transferring rate constants (ktr) and apparent activation

energies (AEtr)for GZ and ZE catalysts

k AE

R T ki AlEL AE A1Et, i, ZaRd, tr,ZnEt,
- , dm’ K] dm? 1
() (Gofimia (Rl Cmelmm ) (el )
TiCl/MgCl,/
AlEtaz 45 7.05 _ .
(GZ-1) 35 3.50 51,8
Zn/Ti=0 25 2,08
TiCly/MgCl,/ 45 _ _ 27.5
AlEts, ZnEt, 35 18,7 25,5
(ZE-2) 25 14.7
Zn/Ti=20

R RMFRE 2

K AMgCl,-ZnClL, & &k, A% » TiCl,, Ti(O-n-Bu),/MgCl,, ZaCl,/AlEt,,
HaEYIMZEREERELHN, BTHRRFInCLEAELRFMEERZEL, BT 2
BRI, WA EERNZE, XEHRRRTRZ 4 T 20D (&
5).

A5 YIMER# P Zo/Tirear LER, 275 (M, ) 930
Tab, 5 Affection of Zn/Ti molar ratio on catalylic efficiency

and molecular weight (M) of ethylene polymerization
with YI catalyst

Za/Ti bt Mwx107
(mol/mol) (kg PE/g Ti-h)
0 131 465
2 137 356
4 140 331
6 136 312
8 139 280
me gk, Cat(Tid=15%107% mmol/dm?® ( I5FHIM ),

CAlEt;)=8 mmol/dm3,4,053 x165Pa, 75%C
FRERBIEFIN ORI SESENE 2, FK4.,
2 B A RSN R I A R
KRB EMR — CP B WA M 2 & & i b &, 44 5TiCl,
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TiCly/MeCL/EB/ M 5¥/AL(i-Bu ), HAREENTREME, BFH 6 &
fERBEEEMKHF AR L /F RO, B E % % 8w &t & & TiCl,/MgCl,/EB/
Al(i~Bu)fE{L5{F1Solvay BITiCl (v )/ TE/ AIELCL BILFINRB R A H9 1 6k 1L
Bi*ke.

& 6 JUAF 7 3 AL ) a9 1 4

Tab, 6 Performance of various catalysts for propylene polymerization

. ) . Al/Ti it S PR SRR
fgﬁtfﬂl 551?’%%*}\.?& (mol.r) (gPP/gTi) (%)
' Ti*s Ti*4 | 1 25/1 ., 2500 - 97,2
CPH® 30/1 3000 96.5
(—ELLHD) £ 30715 - 3500 96.3
40/1 3900 - 94,1
40/1 - 4200 94,1
5000 96.8
CM-TH Ti* 30/1 ’
(FER)
6400 96,0
Ti*3 * A
300 97.5
s ALELC]
(p@ETi™) 12/1

BEE &k, ts 1,55 Ts 60°Cy 1,0799x10°Pa; EILFIRE
0.31mmolTi/dm3s4:, Al/EB=3,7/1
¥ CPRIBLFIA—SFYEE, TiCl,, SiCl,, A5, BMBMREL, "THE 5H—F
BRI S TPRAEMMFC®), BEAFELRUWESRNER, FHNFREN B M
FHEREGWEHKE( 6~7,00 ), NTEARBERNEDBEIF(#E7 ).
A7 STPRIEMMNBEAAHRESMLER
Tab, 7 Experimental results of propylene polymerization with STP catalyst

LBHS KR L F(gPP/gTi) FHEE%)
24—1 HEAaD 6000 95,3
24E—1  |(HHE 8000 92,2
oo 24E—3 PEVE 7200 ‘ 92,7
B 24R—5 ] |RE{L &, EB. Ak 4400 94,4
i=n28Rd - RELEY. @ 3700 97.8
CrPm — 5500 92,4

Bt dkftk, Al/Ti=40,EB/Ti=8,Ti=0.20~0,25mmol/dm?3,
P=1,0532x10°Pa, T=60C, 1.5h

CPRUANSTPRI i AL O PG 2R & e M R, [ 3 J) SR o0 4 21 381,
ENMRETOR NPT E T IR G ER IR
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Vo=V.+(Vy-V.)e Bt 0.35
Hln(Vo-V.) =1n(V,-V.)-8t

HpV,, Vo B oA =070 ¢ = tHy E
BEREE, Ve EESERERBBE W BE :.'.;,
{E9 VO\ VPs mﬁ%;&%{a’ BE?E"L&L l:]:l:L,\, :u:

BAE#. B3 RXFAMASEEFNERRRS
ZUHTRBBERMMLL(Ve-V.) & X 1T [
CfEEL WRARFEMRF. HILRECPR e
REIEARIB=0.032, V=0.06, BAEHE R 0 % ®
R(V,-V)/V,=95.7%3 TG STP Bk RATY (min)
B=0.018, V..=0.25,(V,-V.)/V,=85.6%. Eﬂf(ﬁ@?ﬁi%i‘ﬁﬁgg%q
JEERNBESBHRERRMPEBILRE B DG Fig.3 Deiend:;ce of ta(V _jV )
Z. ORI ARV IVLE 55 B 58 ) P *
.

on time for propylene
polymerization with STP(1)
and CP(2) catalysts

3 ZMEPIME. TH-1. RTMOIRR

ZSEUMEERB T 20/ PR, 28/ Ti-1 36 RE, 1.5hMEIENERNR B

B, PIR. THR-1&5ABER T, SR RRE 4R S
E
22,904
R
B
w2
:‘:1’
% 101
ad
—_— o ﬂ N .
0 2) b o0 2 100 3 a0 400 0o 80 100

4
PR ST (melg)

TH-IAE (uelg)

B4 ZE/TAERELA SR ELEFRLR H 5
Fig, 4 Affection of ethylene/propylene

/TR0 ikt ) | SRBELRRAR
Fig.5 Affection of ethylene/butene-1

molar ratio on catalytic efficiency of
copolymerization of ethylene with
propylene

B S &k, P, 1.1466x105Pa, ¢, 1,5h,
CA13/CTi3=150(mol/mol)
1, 60¢C,[Ti)=0,10mmol/dm?3
2, 60T,(Ti)=0,15mmol/dm3

molar ratio on catalytic efficiency
of copolymerization of ethylene
with butene-1
A&, BAFCT)=0,1mmol/dm?,
CA1)/CTi] (mol/mol) =150
T: 55C, # 1,5h
P, 1.1466 x 10°Pa
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Polymerization and Copolymerization of Fthylene and

«—~Olefines with Supported Titanium Catalysts

Wang Haihua® Zhang Qixing Lin Shangan

Abstract

Slurry polymerization of ethylene giving high yields of polyethylene under
ambient or enchanced pressure with catalyst of TiCly/MgCl,/AlEt; (named“GZ-Ca-
talyst”) prepared by comilling method has been studied,

With modified catalyst comprising TiCly, Ti(O-n-Bu),/MgCl,/AlEt, (named
“ZS-Catalyst”), the yield of ethylene polymerization or ethylene/propylene copo-
lymerization are raised up quite distinctly, For preparation of ultra high molecular
weight polyethylene (UHMWPE), a modified catalyst of TiCl,/M¢Cl,/AlEt; ,
RMgCl ( named “HE-Catalyst” ) was found to be especially highly active,
With catalyst comprising TiCls, Ti(O-n-Bu)./MgCl;, ZnCl,/AlEt; (named “YI-Ca-
talyst”) or with catalyst comprising TiCl,/MgCl,/AlEt;, ZnEt, (named “ZE-Cata -
lyst”), ethylene polymerization in absence of hydrogen gives lower molecular
weight polymer, A noval modified catalyst of TiCl,, NdCl13/MgCl,/AlEt; (named
“ SN-Catalyrs” ) is highly active for polymerization of ethylene as well as ster-
eospecific polymerzation of styrene and copolymerization of these two monomers,

The effects of polymerization conditions and kinetics of ethylene polymerxzatwn
with each of the above catalysts have been studied,

A novel catalyst of TiCl,, TiCl;/MgCl,/EB/P4,SiCl,/ Al(i-Bus)(named “CP-Cata-
lyst#) is highly active as well as stereospecific for polymerization of propylene, It
can be further improved by chemical modification with addiiion of TiCl,, alumi-
num trialkyl, organomagnesium, SiCl, and Lewis base to get the “STP-Catalyst”
while maintaining highly catalytic activity and high tacticity for polymerization
of propylene, The kinetics of propylene polymerization with “CP-Catalyst” and
“STP-Catalyst” have been studied, The decay polymarization rate equation deriv-

ed in good experimental accordance is expressed as :
Vy =V wt(Vol o) e Pt
or ln(Vp “Ve)=la(V, -Vg)-8t.

Keywords titanium catalyst, ethylene, a-olefin, polymerization, copolymerization
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