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Figure 1  Numbers of publications on non"metallocene catalyst appearing in the academic literature
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Figure 4 Crystal structure of complex 1
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Table 1 Polymerization activities of ethylene with complex 1,2 and 3" "]
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Figure 6 Increase of ethylene polymerization activities
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Figure 11 Ethylene polymerization catalyzed by complex 8~14
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2.5.2 BHEVERIAFRABEPERD LAY 2.20 121 B wgel,/ Y mIle fing pobmerzaton
‘Bu,Al(OR), WINEILHIT G 2060 2 R, ol 5 4950 T BRI LA i 2 38 A TG PE 15 MAO
JBEACRIAIZE TE L 4) . WURALAH 2203 4 47 FED D BRI S 20, RIHRATEER
ik 1,820 kgPE smmol AL ' +h - (Mv= 5,090,000 395> T-&) . M LA MAO MBI &5 L.
640( Mv=3, 990, 000} ,

2.5.3 EMERBEERCREE A BZIGHILAGRTIEY, £ FI ML L MgCl/Bu, AL (OR),
B A 0] T AR ST B IR 3R 2 K (I La DAE 40 2 D EARALD ) HERH B A ) 0.47g L, T LA
MAO 4 B A MR A5 TE R R ST 205 (12 1b AT A 2 AR ) . AT & R R A FERE AL
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Table 3 Results of ethylene polymerization with complexes 16~19 and Cp,ZrCl,"

Entry 1 2 3 4 5
16 17 18 19
Complex M ~
1 AN 17 Cp2ZxClz
) | 0 O
M, /103D 4.7 2.1 3.8 13.8 636.0
M,/ M 1.81 1.52 1.82 1.75 2.61
Activity® 38 30 116 204 27
Vinylterminated chain end/mol %09 90 90 90 78 (52)»
a) Polymerization conditions; 25°C ; atmospheric ethylene (0. IMPa) ; MAO (1. 25mmol ) ;Toluene (250mL) ; R!
Polymerization time, 9 min- —l!I
b) Determind by GPC using polyethylene calibration - ZrCh
c) In kg*PE/mmol*Zr *h 0 2
d) Determined by 'H NMR- 'Bu

e) Calculated based on IR analysis-

F®4 EEW2.20F021 L MgCL/ ‘B, AL(OR), ABMEUFREZHEMER
Table 4 Ethylene polymerization with complexes 2, 20 and 21 using MgCl:/'Bu,, Al(OR) as cocatalyst

Comple Cocatalyst” Activity® M (X 10%) M, [ M?
2 MgClz/‘Bu,, AL(OR) , 36 509 2.66
20 MgClz/'Bu,, AI(OR) , 21 596 2.67
21 MgCl2/'Bu,, Al(OR) , 36 231 2.40
2 MAO 45 464 2.38
20 MAO 21 625 2.74
21 MAO 99 229 2.07

* Conditions : 50°C,P(C2Hy)0.9 MPa, 30min, complex 0. 5tmol -
b MgClz/ Bu,, AL(OR) , 5 MgClz (0- 4mmol ) » EHA (2-40mmol ) » "Bus Al (2-40mmol ) » MAO; 1-25mmol - Ckg’PE/mmol’cat/lrl- 4 Determined by GPC using
polyethylene calibration -

_TiCl
2 MeO

2 2

20 ;R' -Cgclohexyi R?=1B
21 _R‘ =

(b) Yo

10mm

(a)

| 0mm

K 14 fiI(a) MgCl2/'Bu, AL(OR), 5% (b)MAO Sy Bh AL 7 19 58 205 B8 A
Figure 34, . Photographs of the polyethylenes using (a) \Ig\':.]y./ i B, ALLOR)|; er (b). MAQ as cocatalyst
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254 mRFERAMA X KEARER TGN ER G e kA § .
IR R A & B R ERY . AR A 23(LIE 15) L MgCL/ I‘;[

Bu, ALOR) , B 713 & P4 15 5018 25 1 [ B RO SR O LA st s ([ ] F No _FTia
97%, T, 155°C), TiLA MAO BIEALHI[ ] 93%, T, 152°C, MyClz/'Bu, Al(OR), Z— 5 0\‘);_ ’
RERIRT GBI B AR, SiMe;
2.5.5 TEEYE KA AR PUER  BUREL R R E R B R R e e 23

GBI HTAEBERTAE R TRIS . it 17 T WA 2800 1) Mcke
B ATCOR ), A 1 2R 88 45 5 9 420 035 SR A0 P HL VOCL MO 15 G
Et, AL(OR), Tk ZRWEVER B . B AR IR R VE A A0 T b, MR B ALAE R
BRI R AT A B L, RS RAE . (1) SiBass R 78 T5°C &0 R I
B 24-MgCL /B, AL(OR ), AL FI K 5 28 60min B8 & {34 52 T8, 11 VOCLs K 1k 2 @
Womin i+ (2) FARTH Tk & B0 TR 20650 TR At 5 ( M, = 50,000, 000), 1) % 52);/"0
T TETCENE M, . AR H 77 PTG, AW M,/ M, 2.5, o
(3R TEAER O RALA: (3) B YIRS LM e S R MgCLe A2 AT

2 REEARTAX — VL AL AR B YRR FI AL A i SO0 61 T, IE 40 Fujita 7 916 MBI
BT B R AR R B e i vk B AR Figure 16 Comple 24

3 FI %@C%Uﬁ'ﬁ‘:F*Q%W%ﬂ%é\fﬂijﬁ[mm’%’“”%]

an L LR o3 B UE R SRR 0 A TR B AR B AR IR AT A, BT Z 188y
SRR IR ECUR |5 S 2 PR RN, BETT SCRCSR & RN, AN LR ZEA AR A B4 1R B L
EFAL MR ABATEER & HATARENR A

DABC &) 1 ) A4 a(1 ) RFE B SAE a &
EE AN (W O), FFR M CMECALAY A Ze FHES T
FC &P o e D A B EAT DFT 15, 45 R80T, X-
GHEIAS A f AT B 25 R e & — 8. L0707 =
165.5°(168.8"), /N-Zr-N ' =74.0°(77.0%), LCI-ZrC1 =
100.4°(103.2%), #l ff Zr-N-C-C "~ = 59.8" (60.7°), {3 B
DFT 520 e A2 FBe . X ST s R

Ei with MgCl, / Et,..AI(OR),.I
|24 without MgCl, / Et.M(OR),,l
YOCly / MgCl; / Et,, AI{OR),

Activity / kg-PE /mmol-cat /h
3

A Cl R FE LR A BLAEALE , DFT 545 A BH B i % s0 75

AEHIE L O A WA BT P B IR B 2 47 Temperature C

HEREA Y T467 (B 18 R, IS ZeN WA~ 17 = bk 2 & 2 ke B B
] SRR AT PR DA, 5 — AR R 45 P

T ORI Ze N K AR B S YW BEKTE Figure 17 Relationship between the polymerization
0.2232~0.234nm Z [8) 2 2%, T Zr-O 8 A i 25 (K 18 temperature and the polymerization activity obtained
), ERX i R T B YRR A] RE T with three kinds of vanadivm catalyst
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Figure 18  Calculated structure of active species
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Table 5 Macrostructures of the polypropylenes obtained with complexes 1-3/ MAO in Scheme 5
Chain-end structures Regio structures in diad sequence
Entry  Complex

nPropyl Tsobuty 1 Allyl Butenyls® Vinylidene Sat - /Unsat - ») HT HH TT

1 1 100 0 5 26/55/2 12 1.0 n.q.“') n.q-% none

2 1 100 0 7 27/54/3 9 1.0 n-q-") n-q-c) none

3 1 100 0 13 31/46/5 6 1.0 n~q-°) n.q.c) none
4 2 100 0 41 27/21/8 3 1.0 1.5 1 n.q.c)
5 2 100 0 47 23/30/0 0 1.0 5 1 n-q-%
6 2 100 0 50 23/18/7 3 1.0 1.3 1 n-q-”
7 3 78 22 13 27/53/7 0 1~1.2 5 1 nq©
8 3 65 35 20 23/43/5 9 1~1.4 4~5 1 n-q- <)
9 3 50 50 29 18/23/5 25 2~2.2 2~3 1 n-q.°

) Ratio of 1’butenyl/ cis”butenyl/ trans~butenyl -
") Ratio of saturated/unsaturated chain-ends-
®) Detected but could not be quantified-

Fsph 90 16 HURAT L, (1) RS A ERM TS E R TR ME T2 B &R T
AR L2 AN M H BEZ IR B AR LA L 2 S (2) MR R A
B G R LT G2 ThE Rk 2 THSE M2 2 1R & . B A et
SEEREA BH AR, FTAR ARG & TR 5. J0ivig— A AR 4 iy e
FENBOBIA RO . SR 12 rsCARIE N ARIR 2 B R A LT 2 R B 1, 27
AR 2 1N 2 BH BRSNS TR B 2. L sCARARIT N A =67 2R 0
(3) AL HIRIE . 4 KB m DI A T A 2. LT U A R BB SE: (4) L6 2 7
B TR S RN TR A LAY 2 B 2. 1N 05 AL 1.2 773 A AT 38 IR R 2 it
FTRIB T RICE KRR A, (BRI T Mo 450 1460 1 210: (5)ERH FRAY 2 Al
2 17 SRANR IRV 1.2 77 sABN P2k Sk A L B TR A 1 IR, LR
RS RAEMCHER. B 0% R AU A R R 5.

B2 L Ze EALORRTTT o7  BEME KON 3 1. 2 A 7S A7. STIHIR  ARZAY Ti AL
RN Z 0 2. 1

4 B AL
FLRL B PERB AR EL s & B ) TR 206, ) TR NI MBS TR
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1 2- insertion

'J{ H 12-insertion A\/
: ,M'/ —_— LM e I..gM'/\(\/ ‘\Mu]uplc mnsertions
i, = o 2 n-Propyl \
B-H transfer to
v aalui ] i o e

ProF) : Me Two consecutive . L M‘/

b 12-insertions :

: A _-————-h- .
Chain transfer: LM LM W

to Al-Me : M=Hf Isobutyl

f-H transfer to
1: R =Cybly, R ™ Z¢ metal center
2R=CyFs, R=Tr
3 R~CyHy, R=HT
4 R=CgFq, R=HI

1.2~ insertion

1,2- insertion

5 /\(\M\ R g
: : LoM*

A Butenyls L—-MW E /‘
g : 2.1- insertion

ANAAA § }w*leVN§ ool

2,1+ insertion

Subsequent insertions /
~ LM 1,2 insertion
0 = poplypropy kene chain

TREEIE S Ze A HEBL S ) MAO AL 38 4 58 TR 4 e S 45 4
Scheme 5 Chain-end structures of the polypropylene s obtained with Zr-and Hf-FI catalysts activeted by MAO

HRY) m CIHEER M 2 BOR O BT RN R IO o IR R G W5 . BN TE S vERE
R AE A BB BT AL TR S A AR R R IR R ) ShRE AR e A R AT
PE4RE - Mitsui Chemicals 23 FJHE FI AU HE 2 EZ 2 F] 0 HE P BRI B IEAE TR R A2 7 3R M LR

TEM WEBUAJEE . o B3 WU 5 U2 & U X LU AW B R BT IR X e &
YRGB RR - a0 ARl SR G S PR TR R S M > T S RS &Y S FIZe fAGHH
TR O DA fE— B E T, HE SRR G IR ] A7 =M [E ™, Ran A &4 15 Ti-
FI A TR 0 Dol A A= THcTTH R PERE . AP N & R IIRER M. RAFBC A 24 VFI 1L
FIHEATER I DA, A Az 7= IRRAS (A8 7041 | e HERR 2 7

FI AL OB — 2RI IR 3R & = YERE AR AL R, TOIR R AR 2 A P ik 3 0 A B ¥
SOMTTERY R S, W2 46 A DA _E BT A BOS R B T EHLRR Y H TR st _N;C'Om,
oL U DET 38, UG T SRR BRI BRI BEHERA A0 15 T T A AL R S 4 . L
WHRETFFEATBHRES S, W

EEAG AR A TR BRI TS il Lt —MAR? TILFECE w9 maw s
i i%“%%[ﬁiﬁ(l‘ﬁgh Throughput Screening I—H‘S)Ig(methodology)" R ThH TR Figure 19 Complex 25
2SR S . Jones AVt A2 4E CoFL BL A4 25 (ILIET 19) el 3tk R =
AB.C.D Fll R =55 R IE (1 220 MNMAK) B0 245 A i femit. i HIS T8 RaEfT 220 4>
SEHG 7 0B A IR S OR L 6) 3 AERE BT L. A FR O 20 & i 1K 75 26 i (Combinatorial Catalysis
Device, CCD) i85, BIHEIE LL0N MHEDHTRE ., TR0 B =08 —EA4 M 528, X —%&
REAEL RN,
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FREEFE 6 HIS IB 45 R (MAO S B L))
Scheme 6 The results of HT'S test MAO as cocatalyst
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Progress in High Performance FI Catalyst for Olefin Polymerizations

JIN YingTai > LI Gang » CAO Li-Hui'» CAI Hong Guang -
BA Xiao-Wei s YUAN YuPing » ZHANG Xue-Quan > DONG Wei-Min'
WOO Seong-ihi'» CHO Hyunyong'» CUI Li~qiang'» HONG Dae-sik’» JEONG Dong-wook"
(1. Laboratory of Polymer Engineering. Changchun Institute of Applied Chemistry -
Chinese Academy of Sciences, Changchun 130022, China;
2. Changchun University of Technology: Bivemgimeering Institute, Changchun 130012, China;
3. Department of Chemical and Biomolecular Engineering : Korea Advanced Institute of
Science and Technology Dagjeon, 305-701, Korea)

Abstract :F1 catalyst as a high performance catalyst is developed for olefin polymerization in recent years- The
catalyst has attracted much attention: because of very high polymerization activity structural control of polyolefins
with facility, multiple living polymerization and so on- Chemical description of the catalyst is recounted first, and
then five main characteristics with emphasis, structure of active species of the catalyst: polymerization mechanism
and application are presented respectively in the review with 5 Tables, 6 Schemes, 19 Figures. 25 Complexes. and
48 references -

Key words :F1 catalyst ; Olefin polymerization; Phenoxy-imine ligand



