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Applications of Cobalt Complexes in Olefin Polymerization

Wang, Yan-Bing Jiang, Hui* Hao, Xin-Qi*
(College of Chemistry, Zhengzhou University, Zhengzhou 450001)

Fu, Lianrong Song, Mao-Ping

Abstract Polyolefin materials have huge annual output and wide applications, which are closely related to human production
and life closely. The core of polyolefin research lies in the catalyst, the performance of which often determines the properties
of polyolefins. Therefore, the design and synthesis of high-performance catalyst have become a hot research topic, and a large
number of catalysts have come out. Cobalt complexes are very important kind of olefin polymerization catalysts, which can be
used to catalyze a variety of monomer polymerization. These cobalt complexes are structure diversity and have a variety of
coordination atoms (such as, N, O, P, S etc.), and the synthesis is relatively simple. Therefore, the structure of the catalyst can
be precisely regulated to improve the catalytic activity, adjust the microstructure of the polymer, and improve the macroscopi-
cal properties of the polymer. In this paper, the applications of cobalt complexes in homopolymerization of ethylene, conju-
gated dienes, norbornene, acrylates and other common monomers are reviewed, and the cobalt complexes are classified from
the perspective of structure. What’s more, the effects of catalyst structure, temperature, cocatalyst on catalyst activity, polymer
molecular weight and polymer microstructure are discussed in detail. It is expected to provide a reference for the design and
synthesis of cobalt complexes in the future.

Keywords cobalt complexes; ethylene; conjugated dienes; norbornene; acrylates
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Figure 1 Oligomerization/polymerization of ethylene

SR M R EES R RS AR, BRI
AL T2, RE I I A R 2R T 0%
(BD)RIF IR IR Wik, FRE TR 2 fir
AN R TIER AR A, AT RE TR R A A R O
Hoy, TR T I, R RS =R A SRR
RO S5 B AR KRR E O T RS W PR REDS). fE3k
PIREE T, eV EA BN, JF Hid
I HEAL RS REAT BT, REBS R PR AL —

Ik e

R [cat.] R
N — n M/
R n
BD:R=H cis-1,4
IP: R = Me

1B S

3,4 1,2

B2 4w s

Figure 2 Polymerization of conjugated dienes
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Figure 14 [N,N,N] cobalt complexes based on 1,10-phenan-
throline derivatives

1.3.3 AT 5047 A [NNN]| = H4H A4

2008 4E, P CHEUR R OIS T — R
FTAEDIIINNN] = RETC & 37( 15). MR EEE
N 20 C. MNIHEY 20 min, 20 E 774 3.04 MPa.
MMAO (Al/Co=1500) N EfEALFII, HERMELTFIRE
B IR, HA s R ik 2.28 X100 ge
mol sh™ . PG E TN T A O, BT et
BIKT 96%.

2010 4F, PSR 2,8- X0 TV i v Wk e 5
Y138 ML (B 15), MAO NBIEAL T, IR 2,05
B MHEAE T SZ IR E R K, TEIRE N 60 CHY,
JUFIEE, SR ETFE 100 C, HigtE kKR,
Bl R AT ) FH 2 S 0 T 0 5 DR 2 2 s e e A 7 12
M Eh AT R, RATEHER N, FERAEY ST
I, B TR, ME KR8, &
GG TERE Z BN, (HEREY T 5 T, PDI TR 1k
FITERRE R 100 C, LMk 7174 3.04 MPa, Al/Co=3000
2T, ALTE TR AT IA 6.93X10° gemol 'sh L.
X2 T BRI A TE iR T DLEis L LR R A
il
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Figure 15  [N,N,N] cobalt complexes based on quinoline de-
rivatives
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2011 4F, Kim Z5S U7 X 4 ) S0 e IR v b3k
ITHOE, ST S IEME KN NN =R EEC &) 39(&
16). ZEALFITE MAO AT ZWEE RN 132
kPa. BEILE N 30~70 C. [KNIHAA 30 min 5%
R, B ETEEE A RS, EEEENE, UK
IEBALAN B IR R B S — N BRI, REeL T
WAE, Hd - TImPRERREEE 97%; HE o] H
I P2 AR LR I I RN R 20 . 12 AR SRR 0L e ot £
WFI OSSR E T — /N Er B, e, RESHE IR
5 K (A ML i XOUSIV e A5 T R SR

B FEE IR I INNN] = RS &Ym=,
IR R/ N REE S M e A 5 4 2 (IR C A, 33 T S e fe
HFRIVERER2. PN SCHREBSRGE | — RIS B IR
MRV A ) 40~42, FEERTT T IR B) R/ TR A7)
PERERISZIE. BHIC S 40,42 16 I & h R B
W, BRI ATIA 107 gemol 'sh ! BB, H-HICIR
SERII) 42 FEPEARELE, fm Al ik 1.93 X107 gemol e
hl BbAh, B 40 ISR O TR, My IUE
900~10000  [i], 1H 40 ¥y #FeE MR &, 75 50~70 C
)k . B AT B e AR R e v . 41 7E S TR G R
PEEAR, XATREE R RIS BN, #1158 N S840
FRES R, BUAiRSs, FEOZMEATEEEUR.

BRESUE IR GER KN Z AL, TWRERR R T 1 o DE R R
T [0 BE 2 i A 750 5 A A5 1 1Y) B B A . SRR
ZH 55-SLELT-PE 64 40 RO & ik 5110 o AL AT B0, 77
FIHRGE T RG-S 43 0 44, BIREL ST IR RS
BRI B s R AR E . W, A 43 1E
Ar=Mes. BIELLTTIN MAO (Al/Co=2000). Z.E 7
A 1.01 MPa. M [EN 30 min, REHEE N 70 CH,
TEALFTE PE AR 1.19X 107 gemol "'sh ™!, 45ECEY) 44 1
TN 50~80 °C PN [FIAE 6 0% CRaRR 48 i 1R TG 1 (B v 7]
15 1.62X107 gemol 'sh™").
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Figure 16 [N,N,N] tridentate cobalt complexes bearing cyclo-fused structure
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Be &4 40 Zafith E OGS fa, AR A B g, 1
AlIE 107 gemol 'sh ! PAE, (HEFE R AW F 2K
A 42 AL b, R3 [ 52 h —RH 3, [ 7E 2R IR 4R
Rrgl NIk, S A0 RI7E B i 675 MAO B MMAO
PGt T 2 Im R A, BRI TE M, RmniE
5.985X10° HIZE L0, BbAh, FRBEEE M R /IN AL S
PERZIAIE R, — 77T, PRbe s Ar P3G KH R T O i 1
sty 5, ALK F T M iE . PRk
PR TE IR E IS TE SIS M B T rh R Ay FL L

2021 EFN SRR O AL T 44 34T T E—0
R, MATZRTE N-D5 A7 5] N CH(p-FCeHa), %
H. HREATFITE MMAO 5% MAO G R, BELLET
YA CIR R G, SRR EL . & AR AU 1 5
CNE . 2 N-J7 SRR A R 88 O FBE L B BRI
MAO (Al/Co=2000) ZJfiH 714 1.01 MPa. &%
950 Cy SONIEN 30 min I, fEAGFE M & Al iAs
2.7X107 gemol 'sh™ . BtAh, fEFRIL, M T Et. +-Bu
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T OIERA. LR RER, BRI 1L
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i, B FCABH AR, MAETE R, (HREM DT
B 1M R A F B, AR I S R, BhRs
A FEVE R &, TR REGY D FERE, 1k 5.58X
10° gemol 'sh . TEENACEH) 46 AL ZIGER A, [
FEALEZ 2 B AR A e se i A 25 BRI 462, U7
SR FE A F MMAO BRI, AT,
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BOEE; T MAO #HATIEILN, FrEERay iy
TR, HE IS AR L.

KA, RN XU A AL 5N JEEREE ) e S
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BRI TG, 76 N-J5BEALAL 5] N PR bR S A e
BRI B R AV T A AR AR it
Ah, FEIREE R IR /I [F) A A2 52 el e 751 1 e 1 B 2 A
. B, SAEANITCHER LAY 40 75 O R G
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Figure 17 Tridentate cobalt complexes bearing other types of
ligands
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— AN B YR A NI AR DO R, i AN AL A
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FE R AT CQ)Arid A, T R 1,2-55 8 (1) R -5 4).
X = Rhrb AR BT RS 4 rhol SR S DA R, DR
T 3 7 4 3 P TS 7 A0 4 1) SR L E e R O 5 4.
5 IR RAFAL, L IR R A id B A -4 AL
HilEAT. AEEKE, Sitaos OEBEAERY 2,
IR RE TR0 R BRI P B, A
anitl, s B4E ANAFAE X R .
21 BSHEED

1992 4, Takeuchi ST = (= 2RI %) AL £ ITC
S 51K 19) 91EALF], MAO (Al/Co=1000) 4Bk
I*ﬂJ, £ 20 C RS T T ZMBD)IRE. BEWHN

450 1,2-PBD NE, EELFIHEATEERIK, /£ 4 h
P AR AV N 39%. Ricei VRARZH 8- OHR 18 T — £ 4
BB I B B G S 524 53 LUK 54a~55b. b
53 HEfE7E MAO ITER FHEAL TR ZIGRA. TAY 52
J 54a~54b W REGSMEAL T IR R A, HRILL1,2-451h
FEMET 0. Ho 52 R & =S (2 min P HRARE
P Z AT LU F] 100%), 1 54a~54b W EA R =K 1,2-
RN, Bk 94.5%. B 52, 53 DL S4a~54b &
) SR LB 4y T AR Y (PDI1E 2 £ 47). 2021
4, Ricei 2575 1 T Bl 4077 55a~55¢, BLISMELLTITE
T IR RA PRI MR, B ELRT MAO W&
BRSO R (AVCo<100)Hf, T3 R &ML 1,2-45#
N T2 MAO H &1 K E] A/Co=1000, FEHM
SERILL cis-1,4 N FE. AEF VN, TEILMELTIH, MAO
FEECKH, SESBERAAMN Co RO El Al L, f#
B4 @ POV UR ARk, AT SE M S A I 45 44

UGB TC A R C AR 28 B O IR, RSN
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Figure 18 Possible mechanism of conjugated diene polymerization
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Figure 19 Cobalt complexes bearing phosphine ligands
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DR, YRR ERE T _E o H T RE T B 55 1 0 B
HEAFITE R IR A BRI 2018 4, TR
IR L 75 e IR g S0 i B TIE S 0 1 N-J5 2 B 5] NI
HL PR U5 S = 3 B (602~ 60c) T AE 6 i 31| 42 = M
AL IR PE IR, N IR BF H Re s R BN, JE it 7E
Bo A dr gl AW R -3, BE 8 OE Y PR & o0 FRL AR
B, 1S &m T Oor i sR, AR T &RS Mk
PIRCAL, M5 m AL PE. Bk TAE RR 8% L5

http://sioc-journal.cn/ 3539



BH=E SFiR5HRE
— Rl = Pr —  RPr
\ 7 , \ )
\
N_ _N R . _N \ N, N
N i 1
Br" 'Br R! Br Pr R' & ol by
56 57
58
Ph
4 4
E - Ph
O—\\ 50a 59b Ph e
MR R=S iPr R F
cl’ \CI
¢ §<:>ma—§ - F
N~ pr F F
59d 60a 60b 60c
% i
Mes Mes Mes 1
1 1 Y ) Mes PhR
RO Y R HN, =N g [HN =N _N
» 7 » ={ oot —(  coB | BAF SN N
R N\ /N R _N\/ Br _N/ “THF R N2
1 \
R' o g R Mes Mes CI/ cl R
4 R C5H4 CBH4(4'R2)
4-R2)CgH CeHa(4-R?)
N U N/ % ( JCeHs /\
- /CI \ \ /
\/NR /\CI NN o e
e (- RZ)CGH4 Cl ~CeHa(4-R?)
(4-R¥)CHq CeHa(4-R?)
66b (R' = Me, 'Bu, OMe; R? = H, OMe, F)

B 20 SN NSRBI S
Figure 20 Cobalt complexes bearing [N,N] bidentate ligands
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[Co(PPhs)L]", 30 7 &HEC &40 1 2 A A2 BE, A 1k B8 )
T IABEBRAE /N 3, 4 258 — M N A= % 3,4-PIP. X Ry3
FhATE TSN SAFRAE T — AN I 3] PIP O 465 1 (108 S
P U AT G 64 AT SR R SR A, JEid ek
ARG A7 2T DO RS IO S M AT R SR A
1A 2 DL DEAC HEAT VR ALET, (AT RT DA AL 7 5 015
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WA, BRI EEENN trans-1,4 ) PIP, HHEAE
MR, RAEVH FERIK, H PDI %, ZikiER >
A0 E R RS Y/ SRR R RS R R %
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Figure 21 Cobalt complexes bearing [N,N,N] tridentate ligands
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B 23 ST KM B AT B I S 1)
Figure 23 Cobalt complexes based on imino-salicylaldehyde
and its derivatives
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Figure 25 Tridentate cobalt complexes bearing other types of
ligands
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Figure 26 Possible mechanism of norbornene polymerization
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Figure 30 Cobalt complexes based on imino-salicylaldehyde
ligands and their derivatives
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