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Preparation of fluorine-containing salicylaldehyde imine titanium complexes for
ethylene polymerization

XIE Yu, ZHANG Dan, LI Jun-hua™ , QIAN Jian-hua
(School of Petrochemical Engineering, Liaoning Petrochemical University, Fushun 113001, China)

Abstract: A series of salicylaldehyde imine ligands (1a—1c¢) containing different numbers of fluorine substituents
and their titanium complexes (2a—2c) are successfully synthesized. Using toluene as a solvent,2a—2c is used to
catalyze ethylene polymerization at atmospheric pressure, and the influences of ligand structure, polymerization
temperature ,n( Al) :n(Ti) and catalyst dosage on catalytic performance are evaluated.High temperature *C-NMR, GPC
and DSC are employed to analyze the obtained polymer samples. Results show that with methylaluminoxane as a co-
catalyst,, complex 2a exhibits the highest catalytic activity,reaching 9. 33x10° g/ (mol-h) at 35°C and n(Al) :n(Ti)=
2 000:1.As the number of fluorine substituents on the imine benzene ring of complex increase,the molecular weight of
the resulting polyethylene further increases. Complex 2c¢ can catalyze the production of ultra-high molecular weight

polyethylene (UHMWPE) under wide reaction conditions. UHMWPE product produced has a weight average molecular
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weight (M) of 4.8x10° g/mol and a narrow molecular weight distribution (PDI) of 1. 6.
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OYATHEAT AR, LA 1,2, 4- =508 N 3 Al
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R, R,
R, R,
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a: R=F, R,=R,=H; b: R,=R,=F, R,=H; c: R =R,~R,~F

W1 EAK la~1c f4KEL A4 2a~2c By
AR &

BefA 1a b # € f 1R 2.06 g, 7= RN 66%,
"HNMR (400 MHz, CDCl, ), 8:13.87 (s, IH, OH),
8.88(s, IH,CH=N),7.67(d,J=6.5 Hz, 1H,
ArH),7.37(d,J=6.3 Hz, IH, ArH),7.22~7.13
(m,1H,ArH) ,7.06~6.96(m,2H, ArH) ,6. 86 (t,
J=7.8 Hz,1H,ArH) , "CNMR (100 MHz, CDCI, ),
5:161.4,160.7,155.6,155.4,133.9,131.3,128.6,
127.4,122.7, 120.9, 114.3, 114.1, 112.6, E.A.
calculated for C ;HyBrF,NO( %) .C 50.03,H 2.58,N
4.49,0 5.13;found C 49.130, H 2.358, N 4. 883,
0 5.581,

BCAAR 1h R 52 860 Ak 2.45 g, 778N 75%,
"HNMR (400 MHz, CDCl,),8:13.72(s, 1H, OH)
8.86(s, IH,CH=N),7.67(d, J=6.4 Hz, 1H,
ArH) ,7.36(d,J=6.3 Hz, 1H, ArH) , 6. 97 ~ 6. 60
(m, 3H, ArH), "CNMR ( 100 MHz, CDCL, ), §&:
164.9,161.4, 160.6, 157.6, 157.5, 134.0, 131. 3,
123.1, 122.6, 120.9, 112.6, 102.9, 102.8, E.A.
calculated for C,,H,BrF;NO(%) :C 47.30,H 2. 14,N
4.24,0 4.85;found C 46.391,H 1.809, N 4.595,
0 4.962,

BCAA Te iR A AR 2.14 g, 77N 58%,
"HNMR (400 MHz, CDCl,),8:13.09 (s, IH, OH),
8.84(s,IH,CH=N),7.73(d,J=6.4 Hz,1H,ArH) ,
7.39(d,J=6.3 Hz,1H,ArH) ,6.90(t,/=7.8 Hz,1H,
ArH), "CNMR(100 MHz,CDCl,) ,5:161.3,160.2,
141.9,141.6, 141.5, 138.8, 138.7, 133.9, 131. 3,
126.4,122.6, 120.8, 122.3, IR (KBr), o/cm™'.
3427,1 614,1 511,1 373,1 277,1 212,981,764,
673, E.A. calculated for C,; H;BrF;NO (%):. C
42.65,H 1.38,N 3.83,0 4.37;found C 42.126,H
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1.152,N 4.448,0 5. 283,
1.3.2 RAGEEZEA(IV) Ba4 (2a~2c) #6MK

TEN, AE T, HES 28 TiCl, 3 mL(27 mmol)
T 50 mL CH,CL, %5 EIRIRIAEE T, 2212875
Jin THF 79 9 mL(0. 1 mol) FFHFEedt+E 1 hy &5
BIA 50 mL 1E e, At K a4 8 8 B Aok oK o
U8 UEGTT TS B BREh AT TiCl, - 2THF , FREAC
& 0. 3 mmol F1 TiCl, -2THF 0. 1 g(0.3 mmol) , 535l
% 10 mL CH,CL, #5750 fF 2 FhiA 7R 2 T IR
GIAAPFE 6 h, WKW E S mL, MAIE
CEEHFATUTENT 1108, R IEC BE (5 mL) Bk
VAR 2 5 B R T, RIAS SRR alop bR 44

B 2a A AH1A 0.093 5 g, %K 58%,
"HNMR (400 MHz, DMSO~-d, ) ,8:9.13(s,1H, CH=
N),7.81(d,J=6.4 Hz, IH,ArH) ,7.74(d, J=6.2
Hz,1H,ArH),7.41~7.36(m,1H,ArH) ,7.30(t,J=
8.0 Hz,2H, ArH) ,6.99 (t,J=7.8 Hz, 1H, ArH) ,
3.65~3.54 (m, 4H, CH,), 1.83 ~ 1.68 (m, 4H,
CH,) . E. A.calculated for C,;H ;BrCl,F,NO,Ti( %) :
C 37.99,H 2.81,N 2.61,0 5.95;found C 38.026,H
2.677,N 2.569,0 5.991,

BL& ) 2b MFELLERIR 0. 916 g, 7 FH 55%
"HNMR (400 MHz, DMSO-d,) ,6:9.17(s,1H,CH=
N),7.90(d,J=6.2 Hz, 1H, ArH) ,7.86 (d, J =
6.3 Hz,1H,ArH) ,7.79 (t,J=1.3 Hz, 1H, ArH) ,
7.05~7.01 (m, 2H, ArH ), 3.62 ~ 3.58 (m, 4H,
CH,),1.78~1.74(m,4H,CH,) , E. A.calculated for
C,,H,,BrCL,F,NO,Ti(%) :C 36.76,H 2.54 N 2.52,
0 5.76; found C 36.802, H 2.356, N 2.539,
05.792,

Biad) 2 MEGOKEK 0. 110 g, FER N 62%,
"HNMR (400 MHz, DMSO~-d, ) ,8:9.06(s,1H, CH=
N),7.84(d,J=6.1 Hz, 1H, ArH),7.65 (d, J =
6.0 Hz,1H,ArH) ,7.53~7.49(m,1H,ArH) ,3. 65~
3.55(m,4H,CH,),1.80~1.72(m,4H,CH,), IR
(KBr),0/cm™ ;1 599, 1 509,1 441,1 399, 1 294,
983,802,667,519,482, E. A.calculated for C; H,-
BrCL,F,NO,Ti (%) : C 34.53, H 2.05, N 2.37, 0
5.41;found C 34.572,H 1.896,N 2.426,0 5.392,
1.3.3 THi%Rse

P B ESITETOK TR A FiF T, £E 100 mL
TR 2R A AR A — 2 AR I R R ) (il
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A G S A s R AR T iR B A,

55 min 5, FH 7R S5 28 0 A5G B e 1 AR 5 A
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WA LK A 5% /R & B TR K I, K Fip
R ihuE e & QR B R, 60C B T &
IER:

2 HR5iTiE

2.1 BERELEHXEL LR T

BECEW) 2a~2¢ £ 1.3.3 ML H R
G, B8 T TR E R A A [ O IR E N 35C
n(Al) :n(Ti)=2 000:1 fEFIHEN 4 wmol LI
JEF174 0.1 MPa SV I E] 2 10 min ] AR ECARSS
FAXF P AR I PR R0 2R 20 53 O 52 e, LA 2 SR
WERL,

*1 BRI EL R

P/ M,/ M,/ M,/
[ R7] (10° g- (10°g-  (10°g-  (10°g- PDI
mol™!'+h™!) mol ™) mol 1) mol™")
2a 9.33 9.9 5.9 9.2 1.7
2b 8.63 19.0 12.0 18.0 1.6
2¢ 7.31 34.0 19.0 32.0 1.8

& 1o UUE LAY 2a BRI MR K,
$99.33%x10° g/ (mol-h) , B 5 W i B AR IR 1 5T
BRI 2, B A W A TR A FEAIR (2e<
2b<2a) ,iX Al BJE B ORI B U I 1 51 A 2
REARCRE AN AR 1) L 7 25 285 15, AT A AV X PH 25 1k
Hu BB RE ST, 3 AR R ARG L i —
AT, i A0S 2] 1% 2R 205 57 F 5 W 0 42 5 (2a>2b >
2¢) ,BCA W 2¢ FTDAMEACIRTS M, hy 3. 4%10° g/mol
) UHMWPE, X RFHRRIEE B £ )5 ,-H &%
B I AN ], (AR Z R4y T o E R
2.2 BRAESMHXELERENEIE

REFMXB A 2¢ 1L O TR AR L
2, BA RN TR NI E 10 min, 4 7]
0.1 MPa 5% T i#17,

F2 REEGTELMEENINT
k) WM M./ M./ M,/

?E'JE?/ AVTi J:HA S 6 6 6
© BRI ®/ (10°g  (10°g- (10°g- (10°g- PDI
pmol mol™ +h™")  mol™)  mol™!)  mol™)
25 2000 4 3.93 3.2 2.0 3.0 1.6
35 2000 4 7.31 3.4 1.9 32 1.8
45 2000 4 4.98 3.4 2.0 3.3 1.8
55 2000 4 3.79 3.1 1.8 2.9 1.7
65 2000 4 1.17 2.7 1.7 2.6 1.6




. 208 - IAX, 4 T 5545 BB 1
sk 5 PCNMR %, 768 29. 72 AbF 1 A2, IH 8 J 5

itk e M,/ M,/ M./

R/ AVTI
C RERH MR/ (1°g- (10°g-  (10°g-  (10°g- PDI
pmol mol™+h™')  mol™)  mol™')  mol™)
35 0 4 — — — - —
35 1500 4 2.73 3.3 1.6 31 2.1
35 2500 4 4.68 2.8 1.5 2.7 1.9
35 2000 2 6.19 4.8 3.0 4.4 1.6
35 2000 6 4.26 3.0 1.5 2.8 2.0

2 o 1~5 A7 a0, BlE RA I 0 T e
BLAH) 2c MAEALTEERTS R G a T2
Je IR A b, TE 35°C AL AW 2¢ fREfE
TR RN 7. 31x10° g/ (mol -h) |, il #5715 3]
M, N 3.4x10° g¢/mol f) UHMWPE, iX F i 7E 25 ~
35°C I TR Y T v A A T T 1 v B PR
A R, AR R A SRR i B R 2
— Tt REWTEESE kA B-H THBRFEE R
7 R R AT SR B A, 3 A 3 1 R 24 0 1
AT TR,

2t 2.6~8 1711, 76 Al I Bl 4 1k 5
MAO B, BL A9 2¢ A EAMEITEME, X n(Al) -
n(Ti) R 1500 B, AL TH R 2. 73%10° ¢/ (mol +h) ,
A2 M, N 3.3%10° g/mol H) UHMWPE , ik —
MR AL/TI BEJR FE 2 2 000 B, 446 76 1 3k 3]
K, BZIH M, 355 3. 4x10° g/mol , EH LA 2R
(P BESE R BRI R THE R R, Y AL/Ti BE R
LG R 2 2 500 B, AL TG AR oo T 3 A
B R X il RESE T MAO A £ iR &Y
TP & AR B RS RN ) R RO R AL/Ti
JEE/R AN E IS =, BA 2 000 HE,

He 2 2.9 .10 A7) AL, YR TS 2 umol
i BCA Y 2¢ BIMEALTGME R 6. 19%10° ¢/ (mol -h) |
HASE M, H 4.8x10° g/mol i UHMWPE , iX i
AR B0 3% T T 85 /0 | A e 438 o ) e A A 3
E— g, TS AT R RR N 6 wmol B, TiE
BY 2¢ AEALIETER#AR N 4. 26%10° ¢/ (mol -h) | JiF
RGN T 2B 3.0x10° g/mol, X K H
ARV B 3k R 25 5 3500 1 o0 2 B i R, A
HER I 25 50 OS> T-HE R AR T JH 4SS | AR
RO i AT T A T A A, TR B 43
FH ARG
2.3 BZIGEMRIE

K2 ZHECEY 2c LTS R G WA T &

LA EEAE T —CH,— A e 3L 4R U | Ui B A il 5047 3¢
§iE R HIZE

32 31 30 29 28 27
8/ppm

W2 RZE® PCNMR i H

K3 JEAER R 25 T AL A9 2a ~ 2¢ fiEALIT
HEREWREN ) GPC-IR i, Mk 5L B3 Ai | %
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2.1
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log M
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PE, 7E35°C .n(Al) :n(Ti)=2000:1/% 0.1 MPa %
W BEA Y 2a~2c BIMEATEPERT L 7.31x10° ~
9.33x10° g/ (mol-h) , H T35 £ 7= i B 45 S5 5%
EIITE 136°C A I, SEUG 2 SR HH | R IR IR
FICELEL H 3 Z et A Al B-H %, kR
PG R R AP R O T RENRRER K,
B AW 2c 7658 98 0 RN 4% 1 T ¥ RE AR 1k 4K 15
UHMWPE , M, 73k 4. 8x10° g/mol , HA> T3 A 4%
AEN1.6,
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