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B F AT Coln NEBRALD(OMO S EYRMLN, L X-HAMH LRI LA FFRAT T
R EETEEAFERATHAEARKARRANREHFE. VLRI TREREAHLE FIRER, Co-Za
WEREAHRALAAFREHRLES BATHIESTFTRRBNSHR ARBHEEEFERREM E&
BAEKETESDAFRTE, FEAMERMEK(<0.014 meg/g)  AHMBREGHBHANRSY Y T RIGH
(MM, <1.4),TI—HINBRERBANREDS TFRAFER:"CIMR ST EUREGVERAA LR
THATRES BEVAHLFEIL-EAR REA LB PESES BRI AABFE—TXHRE
B BRAEARMAZL HERGYHRKREXR RePRANKILLETEY.
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AP ENBERLRBER, HERFRAE B
S B ESE S AR TRAELITHRE
SRR, BEARNAESAREE, f#E
el M REFGERE TN . DMC LN —
BREHABENSREADE S LBERELS
MRMAEEAHIEENEWE, —TR_BH
DMC 4L A AW F ML [M°(CN), ], - aM'X, -
yL:H,0, HF LAFHAREK BT ERE FHK
RIS RY B 0 i £k TR B 0 LA SE A AR X AR L
EHATRACREW. H, B AR R H RN
DMC bR KAt b iF SR EH YR E
5 .BEF S, B A X DMC A fL 3R B H A
FHFERERST ETF DMC ELYLE, RE
HBAEE EESYINETHELEH DMC L
FIFEFT T —LeBF9E™ , 32 DMC LRI ZEAE AL 3R
EARFRES(S0C)HFTBRAYSTTESR
WS, XSHRERPEFERRESYHL F
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HEE TR T TS DMC AL, X H AR
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K,Co(CN), (ACROS A7) , i AT B4 R &
), WTHR.A_E. X8 . REFM ZnCl, ¥R
o, FBEME . W Z % =/ (DETA) Hl - Z. B ik
(DEA) ¥ A ¥4, R ERAK(PO)IESHR, . BE
FEE TR Y (M, -~ 400) AEERA .

AL R TE &5 07 5k JH D/IMAX-3B 248 X
RATETL, Zn Co . K FRNE M & B LLH 57 180-50
R FRW S EETME, CN.HETEFRM
EA1110 BT E AW M CGE KR W8 , k7 4r i
A LA Delia-TGA-7 & (N, K4, 10 K/min) . £0
ShFEAE % B VECTOR-22(th 41 4F ) # Bio-RedWin-
IR(GELIM O R EN . BEURNEH 2 TRM
KA KNUER B &Y, L Waters150-CAIC %
BeHEOENNERSYN S FRIH(MEK
WAL 25C, BEZ M) BRAYH " C-NMR
4347 % ] AVANCE DMX500 # B3R {3, L CDCY,
REEM .

EBMEZAEOAEAEREEE GBT
12008.7-92 ¥ E .
1.2 Co-Zn DMC Hi#l %

FEARBEBEFE M) 30 mL ZnCl, I F (40% ), 5%
MA 15 mL ¢-BuOH, #& J5 & # fll A 30 mL K-
Co(CN) IE B (10% ), (NE R B E I, 10 min
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Az, BT AN BEEMEBEE 0CAS . 4
SEHEHE 20 ~ 30 min, MMEY LB L L4
B,LL50mL +-BuOH f1 15 mL 2B FAMNRER
REFLE B8 EERRESREK . BE,
DY A -BuOH LXK 3 70 B, &£ KT S50CH
HEMBANTHR4~3h,BAFAKNEHEN Co-
Zn DMC #E4L7] .

fER & e, B & IRE L, RREEAH
¢-BuOH, 3 & A 50 ml. £ B FARIK .
1.3 RE4AAEETHNER

SIMBESRAM - EABRNBESSR
AEBRBEHB(CH T EREFHEED L THAE
BEAMCEEEN . RENAAZ—ERE
(105C), HZ WK O.5h, UBS BRI, g
FBEZE 1200KEA, I FEATA 12 L AE AR
Bk FHBEAOERER(RABETPCL) , BL
AR AP MBS PR 0.2~0.25 MPa
Ef  YE2RNEHTEAEH LR, &1L meadk,
BERBRZAAAR SEHRSER B K4
Af A — M5 3~8h.

—KIMHEARM: REZURSBEHREK
& RERA, AR ABENES —EBRA,
BEERENWL3)T.
2 BERHIiE
2.1 Co-Zn DMC 4 FRARMEN

A LA K DMC AN I E R #
Wi FoA B A7 Zn, { Co(CN), 1,+1.0ZnCl, +2.5¢-BuOH
*4H,0:Zn =26.1%(25.7) ,Co=11.4%(11.6),C
=25.7%(25.9),N=16.9%(16.5); H=3.18%
(3.25),K=305x 10" (FE S AAEWME), M2 I
BEMARREBIET Zn, [ Co(CN) ], 8H,0,K =
105x10°°.ZnCl, ERAR P HLSBWEB S H
EABP - BOHM A AREEXRE MERH
t-BuOH, ZnCl, ¥ LA 08 B . # £k 77 09 £1 41 B 3% (
MO SR 2192 em™ B9 CN P43 R 470
em ' BICo—CEIRZIE, MBHHELPH CNE
fi 438 ¥ 5h LA B Co—CAMZE PR 3h 43 B & 2180 cm ™' FH1
45lcm™ BB MM HAIE X SHT FHERERHN
ZnCl, BIFF1EH 2% . ZnCl, . 1-BuOH 1 9 R SCAEL TR
b AR A G A AR RIS S A TR,
MRERENEBAELE—ERENXTRELA
FfEAE e w8/, B DMC bR B H L ¥ B

MIRF AL RS F (K ) B M i1 57 9 35 4, B
IRBEEMNBEET 5.
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Fig.1 WAXD patterns of DMC complexes
a) Catalyst; b) Comparutive sample

BN s X-HRmaEE, SR EN,
RN RERK, UEEEN X, W2 i
Zn,[Co(CN), ], ML @B M & (5% 4 0.
512 nm,0.362 nm,0.256 am) , IR MR 3 & E .
BFANGRESHSFR(EAR)ZARHIBREX
F 400°C . BB , 46 AL FEAR AL I B i BB ok R R
BEENRE(<60T), LKA e gk,
B—0 Zn, [Co(CN), |, R REHILHEHR AL E
A R EE L EEEARGTEIAYIRS T
BRI, T A A PR R R
2.2 BRAMEAEENEN

ARESHETFLEYEREANRESZNER
PEXR 1Y ERERER B BLEAOKEES
I AT e A, T LA R R 0 26 R R 5 A e AR A
ARGy . FBAERMEHAMN, B RATHE
WA 4T, B R 3E FE HEER RATA IR R T
REe&kAPATRERNAK ST (MBEDRKIY)IE
FEHLBR RGN . A DMC LA R T, 5%
HEZE,ZR#EERM FEREREES
AT, LU E T B WA KIEE 257 5 5 2 B4
A MR GHEWMEELERET ORRA
BEBHAMA,BELMJLEREHT, MRE A
XU IRSENERN . X —F X
AT DMC R MTEHE P LTREREHE FR
B (FdFR).

2.3 BEApHsTFREHNNSTRSH

AR EGEHFHACREEFTEBHESY
B FREERFSWAER2 P EREZWH,. TS T
BSTHAREAFA B XERERSGUBTERS
WENBHSELRRERAMRE AEEASYH S
FEIHERAFREY L ERER , X EE
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BIfERHREEL.DMC BUKER T . EEY 4
FEMEHNSHUNBEFERXR Z5#KER
XEHRuEAANEHERR. N8 EET
KANESYEAREN T FRAA4, 0—%m
HERGHBEAYH S F &4 4 W3 % (Runs,
Run6) ,iX — & 5 & F &ML S8 DMC 4 7RH
tl.X—HREHBCOREERGFERER
AyhRAmM R H 2K F 84 T,
EXREAATHNENRSOHITFREIGREYN
ook o 15 (B ), 5 YRR B 2B 1R 1K,
HEHESTHBARE, AAHETAR I, X5
KOH L MIE i s o IR E R G 1
B, R 0T KOH bk R B R YRS
ﬁ'ﬂi“"”]

Table I  Effect of initiator on the bulk polymerization of propylene

oxide*
Initistor Catalyst level® Reaction lime  Conversion
( mg/kg) (h) (%)
Heptanoic acid 50 5 78
Phenol 50 4.5 70
H,0 50 4.5 62
PPO-400 50 4.5 60
PG 50 5 58
Ally aleohol 50 5 55
Urea 50 6 -
Urea 100 6 -
DEA 50 6 -
DEA 100 6 -
DETA 50 6 -
DETA 100 6 -
- 50 2.5 73

*Polymerization proceeded with one-step addition of monomer: at (100 =
2}C , amounts of initiators were kept same, monomer/initiator{ equivalent
ratio) = 150.

bConcentration in the mixture of initistor and monomer on Zn; [ Co-

(CN)g I, weight basis

XEFERENR LN &R PR ER
Hoz /N TR G M BE R B (R E/NF 107°),
BMERNEANS EX2Z2EAVERK . H
FREENS FESGHER, R HEM MK
FPHEHESEEHBZEFE - RE
&, F fF R (P Fax—~ CH,CH(CH,) 0 #%,Q’
HER—FKIEHEERE).

P,CH, CH{CH,)OH-DMC + Q'H
Q'H-DMC + P,CH, CH(CH,)OH

B —REEHRETRA NN — R EHE(QH

DMC) . MR I HET R E R TSR, B

RPN FRATHA TRAFRENKFE . —
KM BB D, B TEAKESR, 4N
(R 15 PE B ) ok B A Y R K, 3 B0 38 0 I IE B
TR ARNTESYS FENOFE S A .4 mE
Ra a8 R W AEF A8 B

Table 2 Relationship between the mmber-average molecular weight and
M/

M/ M, i
Run = w:w) (vroy MM Mo U?ﬁ?)m

1 4.3 1985 1.23 2120 0.008
2 5.5 2329 1.25 2600 0.011
3 7.7 3326 1.28 3480 0.012
4 23 8541 1.35 9600 0.014
5 7.5 3515 2.81 3400 0.009
6 16.2 6258 3.47 6RE0 0.011

* Initiator { PPO-400} 40 g. Runl ~ 4, polymerization proceeded with
stepwise addition of monomer;at (120 + 3) T, catalyst:0.05 g;
RunS, 6 Polymerization proceeded with one-step addition monomer:; at
(100 1+ 3) C, catalyst concentration 0.055 g/kg

M/ 1:weight ratio of monomer to initiator, M, . = M, {1+ MID)

2.4 WERBMEIETRE

W2 8nRTEERSHE D RENFE S E
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Fig.2  Polymerization of propylene oxide with different amounts of
catalyst( PPO-400 as initiator,at (1202 3)7C)
H0.038g: @0.024g; & 0.012g

RAUAAEERR, L BEHES, BE A
REFEFEAE, R RMA L &R SHELH
MEBEREEXR EHOFARFHERANEBRT,
AR AR K, NI K HBREE  BRE
PERK(RE3), RN RG> R(ALHEHN
BARFRSESYHER) B E A& 5
BAXENBARNERSYPAIRERTALT
B AEEEMRE—ITCR2RLERMNEGHRE
B (K 3, Run 3) Ah M —SERE4ETA), B G SN L ARG
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S 94T (Rund, Runs) , HR A ER Y, BREUH T
TROEERK M4 FRAFELAREARE L
ERLEY, - EALS5EAYEK(GTR)
BAHEXR R L. HEGSTRAESY
iR R (EARR)ERS. A —TH,. RS
PN R RE R .

Table 3 Characteristic features of termination of polymerization®

. b
Car(g) M.(VPO) M.IM, Polymer yied Catalyst level

Bumn

kg/(g cat)  (gikg) x 1O°
1 0.04 7261 1.37 20.5 48.7
2 0.03 5350 1.36 19.8 50.5
3 0.015 2315 1.26 17.5 57.1
4 +0.01 4128 1.29 18.5 54.1
5 +0.005 5126 1.39 19.0 52.2

*Polymerization proceeded with stepwise addition of monomer:at (120
3)°C, initiator PPO-400; Run5 proceeded after 0. 005 g catalyst was
added to terminated Run 4.

b finiched

tion in the

polymer

(XFRARMEEHER, BMANES5#
LRI A 6, RS SRR B IA  #ILR
ROV ORI, BB B AR - AR KRR
t HEMENERIENSRIFET2ME . AR
ARAT AR, BRI E R AR E
I BAL T 2 A RS 2k R R P AR
W (F4),BEREARMBEMAAT, ARG
PHEEHEAR, X -SRTEEANS, -2
WREREOAREENEE R —RE, 250
HEPHRRSL SR EBRAEEXR AXKL
B IE BB it — PR 5T

Table 4 Effect of conceniration of catalyst on polymerization®

Run Catalyst level” Conversion Polymer yield
(mg/kg) (%) ke/ (g cat)
1 25 36 13.1
2 30 43 14.3
3 40 56 14.9

*Polymerization proceeded with one-step addition of monomer:at (100 £
3)%C, reaction time 5 h, PPO-400 as an initiator , // M{ weight ratio) = 1/
35

b Concentration in starter mixture of monomer and initiator

BEPREHRE

BAYREWMFR 44 5 RSO
MHEREEEXE."CNMR IR BE KR
BMEHRN T AERMTE BI3RELALARY
BEMM CNMR i, IR, IRAMIX 45 5%S
W MNP, THEMKPEMN, | KEE
BN EME(S=17.06 1 6 =17.16)RIAEREYE
BN HEE LR L-BAR, SRENEME

2.5

HEFRESGERATRBMESYWEFAM, IX
RIS EME (S =72.62 F & = 73.07) 4 3% B F 5t
WA HEKE TR (PP, P REA T
—CH,CH(CH, ) O ¥, & F m#, & fh ks m
M), MK INERE.5=74.83,(5=75.02,0
=75.06)F0 & = 75.21 M 43 3% Bz T 1] [/ , 2% =) 0
2F =T FA(—=P-P>P), ETHNEEKR
BEHE, TULAAREYERREEA LA
MRS, X - SREFEEFREAMM .
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Fig.3 500 MHz " C-NMR spectra of patymer ( M, = 6880)

2.6 XFDMCHRIHENE

B R ERRIRBA M EEE
L, DMC BaHMEE P R FHEFR, M
MESHHEWXRE, R4V ESHERTAM
Pz &b ;356 L, B8 F B AL R 0 AIE,-H, 0
FI(PhCHOCH,)* (ShCl) "™ ATk M B &Y. H
FH A AN AT R E N (k-
SLRBR-R ) AL TR 04 4 B K 205 R i) T
AL R 4 RE, RN DMC #{IEKF
MAFESIERTHHEFRMAES AWK
BTEMBSRBSMMNRC-IEANE, Y EE
RESRRNBHAM, RATBEIT T — AR
A S &K nC, B DMC, BP 4
Zn,[Co(CN)¢ 1,  n H,O fERE{LT, H,O0 fERR2ER A,
R R/ R RREN(ERLE) = 1/2/0.05 I
BlER,HT LRSS RUSHEETHEBRRE
Mk FBRAY LA RIEHAITIRE . NE
avhoul DL BR T 4 1k 7R A R IE R S A L sk
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Fig.4 Infrared spectra of mixture of model reaction

a) Neat catalyst; b) Catalyst mixture

BA CN & F 45 IR 30 48 (2184 om™'), HI 3R )

Co—CNIBZEREIME4TI em ™" ) BB A T BB
— R BB C 0 CB R IR3 (1088
em™ BEBMME), —CH,—M XML ERN
¥ (2930 cm ™" ) A B —CH, — R A X R {8 45 #i 2h e
(2973 em ) F . KB EB AW Zn [ Co
(CN)g 1, ML B (P 209 om™ ' 2 BRI
KA lESCN—Zn MMERISIE L) BRAERAS
FiibEE(NZn—C,Zn—0,Co— 0% ) H X NBITE
WK R DMC AR TR FAAERSHN
HAFRTHERUEAMAKA-MAVE. Rilt,
FHE M DMC LR, F R THE (R B E
WHHMBR)EARE-SHEA.

£ LB, Co-Zn - DMC #E {6 | A48 & B 4
RiEtE, ERBELAKETESY A FETE , AE
MERK,FFRSGUERETXEX.BEY
FHAEFAHTHSARNFES BEYSRILE
HBAK-BFX BEEBEIBHESERE®T
BB — LN, BARMMAIES#
HAHBRAEEXRR, SROYHRKEAXR B
SYREMARILRTHEN BERNIHERNRF—
BEHAETF . HEFARAILE.
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CHARACTERISTIC FEATURE OF RING-OPENING POLYMERIZATION OF
PROPYLENE OXIDE CATALYZED BY DOUBLE METAL CYANIDE COMPLEX

HUANG Yijun, QI Guorong, [FENG Linxian

( Departmenz of Polymer Science and Engineering , Zhefiang University , Hangzhou 310027)

Abstract A double metal cyanide(DMC) complex based on Zn,[ Co(CN), ], is prepared and it is characterized by
IR, XRD, TGA . This catalytic system is highly active for the ring-opening polymerization { ROP) of propylene oxide,
and gives polymers that have narrow MWD( < 1.40) and low unsaturation{ < 0.014 meq/g) . The molecular weight
of polymer is entirely controlled by reacted monomer to initiator molar ratio ( M/ 1) . The polymers prepared with
stepwise addition of monomer exhibit narrower MWD compared with those prepared by one-step addition of
monomer. The polymerization involves a rapid exchange equilibrium between the active species and inactive chains.
It has also been proved that chain termination of this catalytic system is reversible or temporary . The active centre of
catalyst is electron-accepting. The microstructure of the polymer is determined with ° C-NMR spectroscopy . The
polymer has a random distribution of the configurational sequences and head-to-hail regiosequence. It is assumed that
the polymerization proceeds via a cationic coordination mechanism.

Key words Double metal cyanide complex, Ring-opening polymerization, Propylene oxide



