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RBEY TiCL 454 , 200K MgCl, 1) SR S5 M & A T 78 4o 45 i B2 AR, B R T R S BB 4R & (o (Ti) =
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R -4 LR A 1S B0 BRI Tafmer™ 73 T4 oM 1R 10 BE IR 23 B 3% 9% , B E Ky
0.85 ~0.92 g/cem’ A3 FHMETE 1.2 ~4. 0 2 [d] , Terunori 25 5% FHIGRAL I M Bk BT A4/ MAO AL 2.4
/1-CRIEER LY 1- ORI IR AT 3K 22% , o F e or il L1 2y
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1.1 K ER

L (REH) -0 (Acros,98% ) 5 iRl N, (99. 99% ) s JorK — S ALHk (Acros 24 F]) , = LHEAH
(Al(Et);),2.0 mol/L By %eiE MK ( 3£ [E Burris-Druck ) ;1,3-"&(-2-NE (XROH) (99% , Acros) ; PUSE AL
BRI BE IR =T TR R R C ety o M alian], e s N, SR T A JE AN TR 48 h, i
FIBZEI A . SPECORD S600 A58 4] UL 43 BE T (78 E HR S 43 BT AR A 22 ) ) o % 100 mg fEfk 5
FvE H,80, Wt PEGe vt R A B P A B R 2052, ] 25 mL AL MLAE A =422 nm A0
EWOCRE, ShRE 2R LA 3 Ti & & 5 TR 3C Mastersizer2000 B 3B (3£ [ ) 5 Hitachi S4700%!
Y R A B T B H08E (SEM, HAR) ;INOVAS00 B1° C & R (NMR, 3£ [ Varian 22 5] ) , &5 MR
AR S 28 IR 150 °C s D/MAX-3A B X SR AT ( H ASBEG) ; Perkin-Elmer DSC-7 #7522
I E P (DSC, /) N, THER R AR 10 °C/min, L5755 Z I THE T4 ; PL-GPC 220 Y %E
W55 0% (GPC, 92 [E) Polymer Laboratoties 23] ) ,I550 0 1,2,4- =878, LR FE 150 °C
1.2 TS

£ Schlenk KB HT  KKANA 1.0 g MgCl, .50 mL HIZE (1. 5 mL 4N %G 2. 0 mL 2 =T Mg
Pt aE i 1,3- 25 2-N i, 72 60 C [ 2 h, 3B B 5 KR, BRI E -25 C, 2@ 11.5 mL
TiCl,, SR 2 h, 20055 AW . 18R MR 2 60 °C, K20 3 h, i 30 mL iF & ke T H 500 B 27 4k [
PRORL, HIC Bevkik (25 mL x 6) , 4l 135 3. 83 g Y S PE4F 2 BRIE IR 21 (A {1 5] TiCl,/XROH/
MgCL, , 772 89.9% ,
1.3 ZHN-EHEERE

70 CF L AECHSHET , ] TR N, AUE R 3 ~ 4 i 300 mL i85 48 RO 30 mg
AL, 80 mL iEC ke, iHA S A 1-C 4 S BIME R (AL(EY) ;) , SEA M B ROV IR Ty, Gk T =
80 °C,fHEEIE I 2 ho F V(LR V(FRIR) =1:10 MIE A kO, i vk, JF 1 S, Kk 2=
P, 50 CHA T4 48 h, FREIF R,

2 FZRHE

2.1 EeFIREE

2.1.1 Ti/Mg R Hh FH TiCl,/XROH/MgClL,/Et, Al btk 2k 206 5 1-C LR 4, Ti
55 Mg BE/R FURHHEAL TR (4 2Pkt MR AL BCR BZm n e 1 fros. 3R 1 al IR H, n(Ti) :n(Mg)
6: 1 JEINZ 1001 i, HEALRCRZHIE N5 24 n(Ti):n(Mg) =101 I, FEACTFIBRAY TR 7 R0L 2 4. 8%  fi
R 1K 23. 2 ke/g cats ARSI n(Ti) :n(Mg) I, Ti R 7P B AL EALRCRBIEEA AL . X
ATRESE Mg” " [ 8 2142 (0. 065 nm) Al Ti'* B 2242 (0. 068 nm) AL, Ti* " 45 5) kA MgCL, dh A% , 16
MgCL R P A E 1S G4 MeCl, - TiCL, . Y o(Ti) =4. 8 % i}, B INA B 2 1) TiCl, , AR5 142 Ti
A AL

F1 Ti/Mg BRI EUREHHNT
Table 1 Effects of Ti/Mg molar ratios on catalytic efficiency

n(Ti):n(Mg) o(Ti)/%  Catalytic efficiency/(kg-g™' cat) | n(Ti):n(Mg) w(Ti)/%  Catalytic efficiency/(kg-g ™" cat)
6:1 3.7 12.2 10:1 4.8 23.2
8:1 4.3 18.5 12:1 4.8 23.1

Conditions ; Catalyst amount 5 mg; P =0.45 MPa; t =80 °C; Time =2 h; n(XROH)/n(MgCl,) =2.6; n(Al):n(Ti) =100:1; solvent:
80 mL hexane; comonomer:1-hexene, c(1-hexane) in feed:0.25 mol/L.
2.1.2 BAZeHrh oK MgCl RS 1 LLEAAE , TiC1 ARME 771 28, BT LA Z06 T 7K MgCl, 284 ik
IS AL AL B, B b R TR AL AL B, W] 5 MgCLAE DB Sl & ¥, VW fd-Hr th 5, MeCL dihiisi/ , BA
K 1 B 2 T BRI 22 1) ft s BB , T LA 80 22 A alcek ™ 070 0 6 2 Bl T IR AL AR B 1,3- 52+
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NEE(XROH) A IS H 5 B2 . R AT LA HY A (XROH) J5 fi A 1A 20 1 i 25 4
Oy TR 58, MR BRI ORI . 2 n (XROH) /n (MgCly) = 2.6 W, i fb &L 35 21 e K {H
23.2 kg/g cato (I QKSR n(XROH) /n(MgCly ) LU, EALACR BT T R o HEALHIHOIMA 1,3-—58-2-
PRI, AT LIS 2 58 4311 o3 A0 I SR, (HL S B I A R KOG & 5 MR R iy S 2R 3 XROH 11y
IMAERIE N4 &, 24 n(XROH) /n(MgCl,y) =2. 6 i, IRA KN E AL 5. 1% , Mo Je FEEIEE R InA
ALRAIEA MR A L Y 1, 3- T 2- N TR S IR, MgCL AN RE 23RS 1,3- 5 2-NAEE 48 &
W, XE LA it 5 W T o ORI 5 e it ] B S THCL RO T UBR IR R AE 3 4, BRI 17 Ti 15 Mg BEJR
L, I TR B BB R, S BRI
#&2 XROH 5 MgCLHERIL X Z/1-CHEER SR
Table 2 Effects of n( XROH) :n(MgCl,) on catalytic efficiency

n(XROH)/n(MgCl, ) w(Ti)/% CE/(kg-g~" cat) 1074M, MMD x(1-hexene) /%
0 2.5 3.2 3.1 5.1 0.31
1.8 3.1 8.2 0.9 15.6 2.1
2.2 3.5 12.5 2.1 16.1 3.0
2.4 4.1 19.3 2.9 15.9 4.2
2.6 4.8 23.2 3.1 16.2 5.1
2.8 4.0 17.1 2.7 16.1 4.9

Conditions ;(Ti) =4.8% ; Catalyst amount 5 mg; P =0.45 MPa; 1 =80 °C; Time =2 h; n(Ti):n(Mg) =10:1; n(Al)/n(Ti) =100;
solvent :80 mL hexane; c(1-hexane) in feed:0.25 mol/L; a. determined by '*C NMR.
2.2 EUFINGEHSRIE
2.2.1 WAXD 547 AKREALEE MeCL S AR a-MgCl, K B-MgCl, o Hirfr a-MgCl, J& 37 J5 B HERUZ AR 45
14, B-MgCL, J& T/ J5 B HERUZ REE Y (B HT1 # W5 R B B-MeCl, Y Z5 A I a-MgClL A3 o 6-MgCl, &
i 2 P R IR i, JE I G 0-MgCl, e B-MgClL K™ AT BRI , ki) , T BUR SR

K1 R Z AL B MeCl, (a) BeEALR) () B WAXD [, IIE R AT LR 2, 152k o HHTE 20 4

15. 08°.,30. 38°34. 98° 50. 44°AbA7 JBLHI 25 fit e . 18 6-MgClL, il 7 C1-Mg-Cl JZ [A]AH HL ¥ Sy i e e , i
PR T HERIS 1 45 G HER 77 A T —Fh G R A5, i a-MgCl, P R A — SR I AR R el A8 55 1 5 5 2% b
£ 26 23 15°.32°.50. 540 H B ST 0 , WAL 7] T2 305 B9 MeCLy Ab R R 25 B AT R A 1724

WJ a

20 40 60 80
20/(°)
Bl 1 REAEFRT MeCl, (a) FfEALF B2 AEFH(n(Ti):n(Mg) =10:1) [y SEM H# £
(n(Ti):n(Mg) =10:1) (b) B WAXD K] Fig.2 SEM image of the catalyst
Fig.1 WAXD patterns of support MgCl, (a) and (n(Ti):n(Mg) =10:1)

catalyst(n(Ti):n(Mg) =10:1) (b)
2.2.2 SEM 547 &2 R MeCl 244, 1,3- —4-2- N B A 45 11K (XROH) 1y Z-N i 6550 1)
SEM & Jo BEIHAT UL AL BURL S BRI RARTE 20 ~40 pm , Zp A 8038 5] 5 JORE SR TH AN G 1, AETE BRI
2.3 ZHBN-CHEERE
kM TiCl,/XROH/MgCL,/Et; Al AL IR R (n(Ti):n(Mg) =10: 1) L 25 1-C /LR G R AR
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JE AL Ti BEIREE 1-C A IE R G R a2 3 fir.

&3 TiCl,/XROH/MgCL/ELAl EUFIENXZH/1-CHELRE
Table 3 Copolymerization of ethylene with 1-hexene catalyzed by TiCl,/XROH/MgCl,/Et,Al catalyst

t/C n(Al)/n(Ti) c¢(1-hexene)/(mol-L™") (in feed) CE/(kg-g~' cat) c(1-hexene)/% (in copoly) 10°4M, MMD

70 100 0.25 19.5 4.8 3.5 16.5
80 100 0.25 23.2 5.1 3.1 16.2
90 100 0.25 13.4 4.3 2.3 18.1
80 75 0.25 18.1 3.3 3.3 16.8
80 125 0.25 17.6 3.0 2.4 18.4
80 100 0 21.8 0 3.2 19.7
80 100 0.15 19.2 1.94 2.8 17.5
80 100 0.5 18.7 6.2 2.5 15.8

Conditions:w(Ti) =4.8% ; Catalyst amount 5 mg; P =0.45 MPa; Time =2 h; solvent; V(hexane) =80 mL.

MF3 nE AR G IR T e e BEAIG, 76 80 “C N ik 2 5 KAE (23. 2 ke/g cat) o i
BETF g, S AR 3 AR ARG N o (H 2R G B o, (o6 M AR ) e S5 T o, B 2
A B HE T 5 ELIRLRE i v i 5 BOHE AR TG 1R P AR T, BRI SSCR A . TEOR I B A R 1
DU n(AD/n(Ti) =75 i EAGECR 18. 1 ke/g cat, ML HUAEIE 3 100 0, AEALACRIK 23. 2 kg/g cat,
{HAkSEI 55 125 i, fEALRCR M 2 17. 6 kg/g cato RN BIEALFIE R AR R iR 5 B 4% S e AL A
F S SR B AR R 2D S AR P O A R, AR SR AR s B AL R e 3 0 SR MR e 7%
FURVE R, R B REALRINA G 22, T8 AR50 T AR T 0 B 1-CAR SR A, B AL B3R AR 5 1)
DAL R R BE R R SR 5, AL RCR AR, 25 1-C 5 SR IL R, B iU SR £ il i 2L 2R
YIRS AR AR , S0 S Sy SR T P PO, SRR TR PRI N . 323 WA T 1-CR AU B AR 1
S R AATEE TR L-CRWEE/NT 0. 25 mol/L ), Bl 1-Co Mk BERS I, SR A0 i 4 HLk 2
7 0.25 mol/L I, 24/ 1-C M LR A MM ACR s, R R G H I A M. Xl BE2I o 1-2
AR JEE AR 384 T TR T35 P o BRI 0 B2 PR AT 5 K, i Pk Lo 1) 1-C A I SR RS E 1 1 5
2.4 ZH/N-CHEERMBESMERE

AT AL BT AL R Y 42Kk TiCl,/XROH/ MgCl,/E AL AR R (n(Ti) :n(Mg) =10:1) fiEfb 2
Wi/ 1- IR TG o
2.4.1 DSCo#r &3 NILEYK DSC fhk. MEHH A, BEHE R AR AT -, &
W5 1-CMIERYIIE AT (T,) ANEE il B (T,) B REAR . 1-CM SRR 4ok BEBOR, BT AL R W i Je
RIS f LS AR o 3 T RER R 1- Mk B H3E N, 1-CU i AR M 18 v i B 3, R &9
P FEE 1-COMR R SCBERR T PE (945 SRR DRI E SR P A e s A2 i R PRI

T, L.
— T —
a
C
b
b a
A
— "\ ———
1 1 1 1 1 1 1 1 1
40 60 80 100 120 140 160 40 60 80 100 120 140

t/°C t/°C
Kl 3 TiCl,/XROH/MgCl,/Et; Al {4k A= il 245 /1-C 3L R IR Y Y DSC i<k
Fig.3 DSC curves of ethylene/1-hexene copolymers obtained by catalysis of TiCl,/XROH/MgCl,/Et, Al
¢(1-hexene)/(mol+-L~") (in feed) :a.0; 5.0.15; ¢.0.25; d.0.5
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2.4.2 GPC o1 & 4 ILRYHR N RAE AL IR R 453 PE X RYIRY GPC 45 R, Al I, >R H]
TiCl,/XROH/MgCL,/ Et; AL RS RAEL LR G ib ek o0/ 1- IR B TR R a8 W)
Oy TR, TR EE . ATRESE t T MgCl, (TiCL, , 2 7o ki AU A M e B3R Z 181 AR B A AR A
PR T ZMETE TR, R ECR G TR TE

1
PR (4 S 5 -
2
0 13
I A
2 :"> ll 5I é 7 4b 3‘5 36 ZIS 2.0 ll5
lg M S

& 4 TiCl,/XROH/MgCl,/Et, Al {4k, K5 ZF/1-CFIEY " C NMR 4447

AR A5/ 1-C IR AL IR ILIR Y GPC 4R Fig.5 "C NMR spectrum of

Fig.4 Gel permeation chromatograms of copolymer obtained ethylene/1-hexene copolymer

by catalysis of TiCl,/XROH/MgCl,/Et; Al
X(1-hexene)/% (in copolymer) :a.0; b.1.94; ¢.5.1

2.4.3 “CNMR 94 FEn(AD:n(Ti) =100:1, B 1-C KM EE R 0. 25 mol/L,7E 80 °C .80 mL
CLAA T 0. 45 MPa i 2 h #3511 Z4%/1-CRIE R C NMR 35 E], W 5 Fis 45 SLaiRid i fir 44 1
fee s AR " 5T 4, MRS C NMR & = I0F 80 43 i3 B, R A Rnadall '™ J5 33147 36
RYITONEE T 1 -CARTESL Y 130 A S SR TE R LR TR S,
F4 ZHN-CHELERWHSCNMR 53R
Table 4 “C NMR data for ethylene/1-hexene copolymer

Chemical shift Chemical shift
Peak no. Carbon type ~ Monomer sequence Peak no.  Carbon type =~ Monomer sequence
Calculated ~ Found Calculated  Found
1 aa EHHE 40.18 40.35 10 vs* HEEE 30.47 30.50
2 CH EHE 38.13 38.26 11 56 (EEE), 29.98 30.20
3 CH HHE 35.85 36.03 12 CH, (3) EHE 29.51 29.66
4 ay HHEH + EHEH 35.00 35.13 13 CH, (3) HHE 29.34 29.56
5  a8*+CH,(4)  HHEE +HHE 34.90  35.04 14 CH,(3) HHH 29.18  29.44
6 as” EHEE 34.54 34.65 15 Bs* EHEE 27.28 27.36
7 CH, (4) EHE 34.13 34.25 16 CH, (2) EHE + HHE + HHH  23.36 22.84
8 CH HHH 33.47 34.03 17 CHj; EHE + HHE + HHH 14.12 14.06
9 vy HEEH 30.94 32.17
x5 ZH/N-CHEEFRMARBEFTSHRIEREEBERDE
Table 5 Observed triad distributions and comonomer molar fractions and copolymerization parameters

x(1-hexene) /% (in copolymer) To Tg [E] [H] [EHE] [EHH] [HHH] [HEH] [HEE] [EEE]
1.94 1.30 98.06 1.94 1.87 0.10 0.00 0.04 3.64 94.35

5.1 1.06 94.9 5.1 4.71 0.25 0.15 0.23 9.34 85.32

6.2 0.66 93.8 6.2 6.15 0.27 0.16 0.26 10.53 82.65

HilE 5 F 4 FIk S I A, O/1-CmLRY) b 3%y EHE (EEE HEE \EHEE F#1 HEEE f¢31, It
RYPHR 1 A e 2 A I OC TR ES 1)y 51 4544 (HEH, HEER ) H B LB IR Y LT A7 18
L-CUR BT P SN2 o ph el 00, S0 SR v 2 R 2500 1-C M BTG IS, M 3 23 M o A (2 G SR Wy o) 1
HEP AR TR IRY 0 TR TERE 2. INF S 4 Raenl A& IR LR Yy, R R R
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Ethylene/1-Hexene Copolymer with Broadened
Molecular Mass Distribution Obtained by Catalysis
of TiCl, /XROH/MgC(l, /Et; Al

KONG Yuan*, WANG Hong-Li*, YI Jian-Jun’, ZHANG Ming-Ge’, HUANG Qi-Gu**, YANG Wan-Tai"
(“State Key Laboratory of Chemical Resource Engineering ,Key Laboratory of Carbon Fiber
and Functional Polymers ,Ministry of Education ,Beijing University of Chemical Technology ,Beijing 100029 ;
* Laboratory for Synthetic Resin Research Institution of Petrochemical Technology ,
China National Petroleum Corporation ,Betjing )

Abstract The synthesis of copolymer with high comonomer incorporation and broadened molecular mass
distribution from ethylene with 1-hexene catalyzed by co-catalyst TiCl,/XROH/MgCl, and Et, Al is described.
The influences of the catalyst system composition and the polymerization conditions on the behavior of
ethylene/1-hexene copolymerization, the structure, molecular mass and molecular mass distribution( MMD) of
the obtained copolymer have been discussed in detail. When the copolymerization was performed under the
optimum conditions:n (Ti):n(Mg) =10:1, n(XROH):n(MgCl,) =2.6:1, n(Al):n(Ti) =100:1, P =
0.45 MPa, t =80 C, Time =2 h and the comonomer concentration in feed = 0.25 mol/L, the catalytic
activity reached 23. 2 kg/g cat. The catalyst particle shape and the structure and properties of the ethylene/
1-octene copolymer are characterized with °C NMR, X-ray, SEM, WAXD, DSC and GPC. These results
show that the catalytic activity, molecular mass distribution and higher 1-hexene incorporation were
considerably improved when the multi-halogen alcohol( XROH) was added into the catalyst system. By adding
XROH in the catalyst system made Ti mass fraction of the catalyst increased up to 4. 8% ; the molar ratio of
MMD of the copolymer became broader, ranging from 15 to 20; 1-hexene incorporation within the copolymer
chain was higher, up to 5. 1%.

Keywords supported Z-N catalyst, multi-group internal donor, copolymer of olefins, broadened molecular

mass distribution



