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Preparation of a novel salicylaldehyde imine titanium catalyst and

study on its application in ethylene polymerization
XIE Yu, ZHANG Dan, LI Jun-hua” , QIAN Jian-hua
(School of Petrochemical Engineering, Liaoning Petrochemical University, Fushun 113001, China)

Abstract ; Salicylaldehyde imine ligands (la=1c¢) and its titanium complexes (2a—2c¢) are synthesized from 3-
bromosalicylic aldehyde and substituted aniline ,and their structures are characterized by means of 'HNMR , " CNMR and
elemental analysis.Under the action of methylaluminoxane (MAO) co-catalyst,the complexes 2a—2c¢ are used to catalyze
ethylene polymerization at atmospheric pressure. The polymers obtained are analyzed through using IR, gel permeation
chromatography (GPC) and differential scanning calorimetry ( DSC).The influences of ligand structure, polymerization
temperature ,n( Al) :n(Ti) and catalyst dosage on polymerization behavior are investigated.Results show that under the
conditions of 35°C ,0. 1 MPa and n( Al) :n(Ti)=2 000:1,the catalytic activity of complex 2a reaches the highest,being
1. 40x10° g,/ (moly; +h) . As the steric hindrance of the substituents on the imine benzene ring increases , the molecular
weight of resulted polyethylene further increases.The weight average molecular weight (M, ) of polyethylene obtained

over complex 2¢ reaches 8.3x 10 g+ mol™', and the molecular weight distribution (PDI) is 2.6, indicating good
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controllability of the polymerization process.

Key words : salicylaldehyde imine; titanium complexes; ethylene polymerization; polyethylene
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TR (M) JEEITE 5.9%10* ~ 11.9x 10*, T 4> 15t
A (PDI) 395,16 21.9~72.1 Z 8], H#E %
SR A S A T 4 R AN TR LTk
Juj F1Z ) 407 BH O3 g 7K A 1 S BB TS & 0 Sk At Ak
CIRRA, S BCAR A KA BH IO 3 A 5l 45 F 7 3
VAT, A Ak 500 7 308 1 4 v, B e AT 3 2. 557 8 x 10°
g/ (moly +h+MPa) ,PDI= 1. 74 , I3 5 2 )8 () 73 F 5
AR (M, } 20 554~44 033) ,
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1.1 FEFEH

3-TUKMmE R 2,6- "W EIER: 2,6- 25
PRS2 e DU S Ak Bk (TiCL,) | OF © B DY Ak g
(THF) .~ W %e (CH,CL,) FHAE o3 Hr 4, 22 B
FHRH A BRA Rl A 7= 2R IE Qe Ml THF 428
FITIALELIS 76 N, BRIT, 20— 2K R ] 3 &
WEcEE, TR IR, o b ali, 52 Ak H R
( BV AR RIS JoK 8 el , Kdmi B
MR AR B w2 77 3h R, o rali, Tl
BRI T B 7 A= AR SR (MAO) |
[T e 440 109 1 F RIS, 46 B 32 5 ( Hifg ) A PR
ORIV O BAA G, T PRI 2 R A SR R
Al
1.2 {UBERME

FIIH3E Bl Brucker 23 F]4E ) AVANCE 1 HD
400M FUAZ f FEPR 08 335 1 SO0T T A4 TN BE & 9 45 KA R A 7
FAE, LI CDCL, 5, DMSO —d, ¥, DU B 5L ik g
(TMS) i F5 ; FIHE R F] Euro Vector 28 Al A 77 1
EA3000 78502 2 Hr (SO e (A F BC & 0 4 At 4 7
iR A H PG PE S Polymer Char 23 #4277 GPC-IR
e I EE S 5 (OISO R G W) o it S o i
YA PTG, LA 1,2, 4- =G NS, ikl
0.5 mL/min, IRS-MCT %% , €4 4 GPC Pid
FE(250 mmx 10 mm) , 7E 150°C T P 3k ; 1] 42 =
Brucker A &2 72 Y INVENIO—-S 4 B M-8 . 21 &
TETEAN R W S A8 AT AL, WA IEH 2 500 ~
25 000 nm,ﬁ:}‘;@ﬁf%:ﬂil 4 em™! , KBr EH‘, FH H A
JEOL A R4 72 1 INM—-ECZL 4008 % g e 4 il 1%
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IR AW EER AT RAE , UISTARAR A R
FIFZEE TA 22 /A 77 1 Q20 B 25 7k 459 4 2 #4q Y
XTREYIE S AT, A N, SR, THE K& R
TR R 10°C/min, KA WG S LU 2 IRItH
A R

1.3 iR

1.3.1 RBBEEREEERAR(la~]1c) 8946 %

) 10 mL 7T:7J<Z@$ﬁ/%’rﬁﬂ,bﬂ/\ 2.01 g( 10 mmol)
3-TRIKIE .10 mmol MU AN, /b1 R AL,
TR IET G, SR 2 35 (TLC) X R 2R 47 Wil
FE RO ZE T | i B R ZE 25 BRI AR 2R, 2
UE VR HICK B2 45 5, A5 B0 [R) 72 B2 1 0
mA, TR, AR E 1 R,

R
CHO HzNj© RQ
R =N R
OH EtOH, HCOOH
Br OH

la~1c
0
TiCl,- 2THF -N &
CHCL +:~THF
; :o/,Ti\m
B Cla

2a~2c¢
a: R=H; b: R=CH,; c: R=iPr

K1 KB EEMR la~1c
KT A 4 2a~2¢ WY A R B 2%

BCAA 1a G 38 65K 1.94 o, 7% K 70%,
"HNMR ( CDCl,, 400 MHz),8:14.42 (s, 1H, OH) ,
8.62(s,1H,CH=N),7.65(d, J=7.9 Hz, 1H,
ArH),7.46 ~7.43 (m,2H, ArH) ,7.37(d,J=17.5
Hz,1H,ArH),7.34~7.30(t,J=7.8 Hz,3H,ArtH) ,
6.85(1,J=7.8 Hz,1H,ArH) ., “CNMR ( CDCl,, 100
MHz) ,5:161.4,160. 1,152.3,133.9,131.1,130. 7,
130.2,127.4,122.5, 122.4, 122.3,120.9, 112. 3,
JCEH (%) . B (H, C 56.55,H 3.65,N 5.07,
05.79; SC B {f, C 56.803, H 3.484, N 5.649,
0 6.354,

BCAAR 1h hy 52 8 A E IR AR 2.29 ¢, 773N
75%. '"HNMR ( CDCl,, 400 MHz),8:14.00 (s, 1H,
OH),8.23(s,1H,CH=N),7.59(d,J=6.4 Hz,1H,
ArH) ,7.23(d,J=6.2 Hz,1H,ArH) ,7.03(d,J=7.6
Hz,2H,ArH) ,6.96(dd,J=8.5,6.4 Hz, IH, ArH) ,
6.78(t,J=7.8 Hz, 1H,ArH) ,2.13 (s, 6H, CH,) ,
BCNMR(CDCl,, 100 MHz) ,8:161.0,159.7,153.0,
133.6, 131.0, 129.8, 128.0, 127.0, 122.2, 120.5,
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111.9,18.5, JLE M1 (%) . IFH (H, C 59.23,
H4.64, N 4.60, O 5.26; 52 ¥ {&, C 59.226,
H 4.652,N 4.614,0 5.216,

FCA e 861K 2.50 g, %N 69%,
"HNMR ( CDCl,,400 MHz) ,58:8.19(s,1H,CH=N) ,
7.61(d,J=6.5 Hz, 1H,ArH) ,7.25(d,J=6.2 Hz,
1H,ArH) ,7.18~7.12(m,3H,ArH) ,6.80(t,J=7.8
Hz,1H,ArH) ,2. 90 (hept,J=6.8 Hz,2H,CH) , 1. 10
(d,J=6.9 Hz, 12H, CH,), “CNMR ( CDCI,, 100
MHz) ,8:163.6,163.5,157.8,142.6,139.2,135.6,
129.3,128.3, 122.4, 121.2, 121.0, 119. 3, 110. 3,
28.6,20.7, JC &R M (%) : i+ 5 AH, C 63.34,
H6.15, N 3.89, O 4.44; 5 ¥ {H, C 63.327,
H 6.162,N 3.826,0 4.433,

1.3.2 Kyt misk (V) Beb4 (2a~2c) 895 %

FEN, 5T HES A3 mL(27 mmol ) TiCl,
#T 50 mL CH,CL, %55 FEMRIR AT, 22187
J19 mL(0. 1 mol) THF EWRITHRFLEIFE 1 h, F)e,
JIA 50 mL IE e, At oK a4 8 6 B Aok oK i
U BEWOF T AR B EKEL AT AR TiCl, - 2THF, FRHL
0. 3 mmol FLAAFT0. 1 g(0. 3 mmol) TiCl, -2THF , 73]
T 10 mL CH,CL, ¥ 5Irh Ff 2 P 7R SR TR
BIFFEPEE 6 h, MR R WE 5 mL, A IE
CEEHFATUIENT 1108, R IEC B8 (5 mL) Bk
WEEA 2 5 BT S R LL A Ak,

BLEY) 2a 0.102 g, /% 68%, 'HNMR(DMSO-
d,,400 MHz) ,8:9.05 (s, 1H,CH=N) ,7.74(d, J=
6.3 Hz, 1H,ArH) ,7.68(d,J=6.2 Hz, IH, AtH) ,
7.51~7.49 (m,4H, ArH), 7.38 ~ 7.34 (m, 1H,
ArH) ,6.95(t,J=7.8 Hz,1H,ArH) ,3. 64~3.55(m,
4H,CH,),1.79 ~1.73 (m, 4H, CH,), JC & T
(%) 518, C 40.72,H 3.42,N 2.79,0 6. 38; 5K
I5{H,C 40.772,H 3. 153,N 2.892,0 6. 398,

BLA % 2b 0.102 g, /KK 64%, 'HNMR
(DMSO~-d, ,400 MHz) ,5:8.67(s,1H),7.76(d,J=
6.5 Hz,1H) ,7.65(d,J=6.2 Hz,1H),7.15(d, ] =
7.5 Hz,2H),7.08 ~7.04 (m,1H) ,6.96(t,J=7.8
Hz,1H) ,3.67~3.54(m,4H) ,2.17(s,6H) ,1.80 ~
1.70(m,4H) . JTTER 3T (%) . iH51H, C 43. 10,
H4.00, N 2.65, O 6.04; 5 5% {H, C 43.062,
H 3.896,N 2.796,0 6.201,

Bl & ¥ 2¢ 0.109 g, /= %N 62%, 'HNMR
(DMSO-d,,400 MHz),5:8.64 (s, IH, CH=N),
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7.78(d,J=6.4 Hz,1H,ArH) ,7.69(d,J=6.1 Hz,
1H,ArH) ,7.23~7.21(m,3H,ArH) ,6.98(t,/=7.8
Hz,1H,ArH) ,3.71~3.50 (m,4H, CH,),2.88 (p,
J=6.9 Hz,2H,CH) ,1.83~1.68(m,4H,CH,) ,1. 14
(d,J=6.8 Hz,12H,CH,) , JCE/IT (%) 314,
C 47.17, H 4.99, N 2.39, O 5.46; £ & {4,
C 47.263,H 5.122,N 2.236,0 5. 455,
1.3.3 THRL

PRUEFTA AR B TEK  TEE S5, 7E 100 mL
FHE R B AR AR YR I A — 2 AR I B R 9] (il
BARZRM SR 30 mL) Fl— & & MAO, il
A CIESAE G A I ifs RGN a8 B0,
5 5 min J5 , FH S8 A 005 B A ) 44 Ak R 1Y)
AW, AR, Y 10 min J5 57 B4
1R A W I 5% 2R/ 20 T3 WP K, K
it F= A g 5 4 O BE R Uk, 60°C HL 25 g
FHE,

2 GRS

2.1 FERREEHITELIERE R RN
BEAY) 2a~2¢ % 1.3. 4 TR T AL 2
IRAE B E T EMRIR G S0 [ ROV BE Ry 35°C
ZAEST R 0.1 MPa . n(Al) :n(Ti)=2 000:1 S
BFE] A 10 min ] T A [F] TG 1A 45 1) % f 4 5510 355 4 0 3R
Loy B s 25 NER 1 R,
1 BRI

W/ (gpr s M x107/ M, x1075/  M,x1075/
kg7 PDI

moly! +h™") (grmol™) (g-mol™) (g-mol™)

2a 1.40%x10° 7.0 2.0 6.4 3.5
2b 4. 68x10° 7.2 2.7 6.9 2.8
2¢ 3. 74x10° 8.3 3.2 7.9 2.6

M 1 AT RUE Y BE G WA 17 1 i T Jre i
RINGRALE B S [ A5 BELA 38 K MTREAG (2a>2b>
2¢) , MR L0 0+ B AW & (2a<2b<2ce) ,
2 B IH A BEL R 385 TINXsF 29 B e A AT — 22 1) BELARAE
FH AT HE RS T o5 — D7 TN 1R G WiE &
4z B—H TR 0 A A M T RE R R RO
2.2 BREEMEXHELERERNEN

B 2¢ TEAFRG ZM ML R G4
RN 2 iR, BE RN STE SN I ] 2 10 min
LIEIETT A 0.1 MPa 544 FitkAT .
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x2 BRAFHNENERZIE

TR/ Al/Ti Ak H B/ wdEx107/ M, x107%/ M, x1073/ M,x1075/
F5 PDI

C IR I wmol (gp “moly! -h™") (g-mol™) (g-mol™) (gemol™)
1 25 2000 4 2.03 8.3 3.3 7.9 2.5
2 35 2000 4 3.74 8.3 3.2 7.9 2.6
3 45 2000 4 2.57 7.9 3.0 7.3 2.6
4 55 2000 4 2.13 7.7 2.9 7.1 2.6
5 65 2000 4 1. 66 7.3 2.7 6.8 2.7
6 35 0 4 — — — — —
7 35 1500 4 2.04 7.8 2.8 7.2 2.8
8 35 2500 4 3.67 7.7 2.4 7.3 3.2
9 35 3000 4 1. 62 7.3 2.4 6.8 3.0
10 35 2000 2 3.72 8.7 3.8 8.2 2.3
11 35 2000 6 2.23 7.3 2.4 6.9 3.0

M2 L BEERGREN T &, REY
2c MALTEPE R ISERE NG TR, DL 35CH
£, BERHE PR B K AE N 3. 74%10° g,/ (moly, +h) |
FRASER 20 M, 79 8.3%10° g/mol, FEHITE 25~35C
Z[R] B BT A R AT M O A s A B
HEARAE R S b T IR 2 T e, R
G SRR & B—H T BR VS A% I 1) 3 Al
FRURRE K, 3 AR 15 P o1 I s 35946 B R R

TEAE B4 MAO B, iZ ik &R A A
FETE 2 n( AL :n(Ti) M 1500 B, BEAH) 2¢ HEAL
MR 2. 04x10° gpp/ (moly; +h) | RN M, 7. 8x
10° g/mol , LA A 28 1) 34 K 3 38 00 KT 4 e S okt
Ko M n( Al n(Ti)BEHNE 3 000 B, 4 467G 21
RO FEA T B, X & H T MAO F &
i 2 1t R A W A A B A R S 1) 3 R
KU R AV/TE BER O AR B, A 2 000 AL,

YA R B A 2 wmol B, BCA W) 2¢ i
TR 3. 72x10° g,/ (moly; -h) X AL 097
PEFUCARD S S AR TS PE S i — 2D B
YA F RN 6 wmol B Bt &9 2¢ AL I M
4 2.23%x10° g,/ (moly, -h) , TSR 20 M, BEAE N
7.3x10° g/mol , & B A0 700 ¥ B8 2k A 2% & B0 1
HUL B B, Ay TAEIREI K 5 5 S B8ORS T4
(i) AR B2 | AR AT 1 e | 3 U A T 12 B o3
TR,

2.3 BZHBEHRIE

HECH Y 2¢ ML R ZMHEE I FT-1R 3%

EInE 2 prc, K2 FafRiAE 2 919 .2 851 em™

AL B 2 AN A JE S 2L (CH, ) 19 C—H 45 Ik 3h
WU 51 469 em™ AR IEIAJE S CH, 9 C—H 25 il
PRNFFIEIE ;718 em™ Ab FY IS CH, BRAZHR s ik
g, DL 1 4 AW S R 20 B R AIE 06, SRR i
R ImEETY

100
_ 8or 1469
v 718
¥ 60r
ol 2851
¥ 40t
20l 2919

3500 3000 2500 2000 1500 1000 500
Ve /em™!

K2 EEH FT-IR i K

H 2a~2c T3 3R Z M FE 5L 9 & R GPC-1IR %
WK 3 fis, WK 3 Rl LI RS BRI A
A K 2 JE 16 | BE AW 2¢ B4 T BRI A A
BAREA R,

1.4

log M

1—FE AW 2a;2—F A 2b;3—FL &9 2¢
B3 RN GPC-IR i
ROIHFES A DSC dh&tn® 4 i, MWK 4



2024 F£ 12 B

PRI VE N, S Y 2a~2c PR 58 AR FE L B %
BV BE 43 9 4 136. 4 136. 4°C Fil 137.0°C ( ¥ 1
135°C) , FFE4s SR LA PR RERRAE 1000

90 100 110 120 130 140 150 160
B/ C

I—BELAY) 2a;2—BCA Y 2b;3—EL AW 2¢

W4 R DSC A

3 #ig

A 3 7E RS ARIR 5 | AN [R) 2 [ 40 BEL AR A
FEG T K I e Be A SR 54 2a~2¢,
FEMEAL MR R A R P 30t 5 v 0 P, S 4
LW, 7E 0.1 MPa 35°C .n(Al) :n(Ti)=2 000 :1%:
TN, BEY 2a~2c BAWHEA A 3. 74%
10° ~ 1. 40x10° g,/ (moly, +h) o 57 ¥ KAz FHLEUAL
FEMBCA Y 2c BEARENHI R AW EER B-H WHERIL
HERERS RN, TR M oy F U 30 , M, 4 8. 3
10° g/mol, HA3F i 43 M 887 , PDI 2 2.6, A&
BRILMBL G 2a IEEHA R T ORI A
AT AR . TSR A=A A 136. 4~
137.0C , WERMER O . ZMEAT AT & B 42
[ B9 N I A 2 = AR TR CYNE ey
PRI T A R R A, Tl T R AT SR,
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