FoM
2003 % 12 B

a7 o i No.6

ACTA POLYMERICA SINICA

Dec., 2003

NeEREXKRALYRSIHAFHE"
Auf REF K & BigE”

(REBFRESTMEERIER M 510650)

# E FRTHeRAMLESEMAN DMC EMFENERGNES NE ANEREIBERE N TAE
HRERAHEGER RARSRMERELTHAERANE C,0EXEE MU TF LEBHETLARE
BEHSI RN N¥H AR FE TRENESRUERNERF RS T RMEEER 59 1k -mol ', &

HSFEREAHE B A CYSREEREIL.

X@R ULEMELN, FEAR, ALY, FHES, SIHE

RELYFFHRESHVENN 12CfFd
RE"T M TFHERALER QERSNR B
FNbME SR SE , RN R T AR BT ARG R &/
HE-HXEA VEREAB SRR AEAIH
REREYHANDOMORMTHELY RS RIE
FRESHRNEET M- DMC & TR
AR RS, AHSROERTGRER
BOANRANERBAR ZERREEERERS
BEN—EMESN RRGNER - E0EE.
B %" & i 2K L T2 & ik L7 PBM
AT -EARSRERK(POORHHES, ZH
HRGHNESHEEANAR, F BB 7R
ERGHEAEREN 2 R TR ERHLRF
A 30X DMC AR ER e s T R M M 5T 3R
B, 10 A 4 R AL R A R DL B3 e i

1 SIS

1.1 E#

P, aie  RERE R, T ¥A 34 4
FREXR TR, KA SEFE 150 107 ° (RS H)
T . NgmAYE s e (DMC) % UEk
(618 #l.

1.2 Ka¥E

2 0K B OK A1 £ B8 R AR HE GB12008.6-
89, Al £ /K - B4k (Karl Fischer) #:7E KF-1 Bk 7§
EAL EWE '

1.3 ESPNERENEZNRTE
ATROTEARMNOILEESEN, MAGE
BE DMC AN, HES . B . HEREER
M, S5 4 T 2 i I (B s A Sh 1
HISC)E  MENHEREE A TRAOPEN
PO, FFah B3 10 F 8 P T Rl R A 4L, 22
HEA-HECREE ). MK LA A S MER
%|.AB B0 BC Bx X i TRTm Rl AR’ . R
IERHEERRE N T M. R Y% B MR,
ERELZFHENMEDPCAED L) BEEER
EHRFEHEAR, BCENEN2ANERA R
TREA I . E—F X Pk C SBIBTE] ¢, HiERF
BORAHELBEL CDBRBIGHMARRAE C 84
RIYIER , U1k CE R RMB XA p (B - dp/d:)
REBRNIRRE (B EE.

0.6}

P(MPa)

0.3

30 40 350 60 70

Time (min}

0 10 20

Fig. 1 Obeerved pressure during PO polymerization catalyzed
by DMC
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Fig. 2 Vapor pressure of PO/PhMe solution at 105°C
depending on volume fraction
p=0.126 + 0.392x;Regression coeflicient = 0.984
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Table 1 Maximum reaction rates with different concentrations of catalyst

and monomer®

Run M{mol-L ) Clg L") o{MPa*min"'}
1 2.5% 0.1990 0.0132
2 3.18 0.1704 0.0179
3 3.18 0.1102 0.0129
4 4.22 0.1597 0.0312
5 5.05 0.1522 0.0406
6 6.29 ¢.2129 0. 100¢
7 7.51 0.2010 0.1200
8 8.32 0.2685 0.2400
9 9.32 0.3156 0.3000

* Polymerization in toluene
Inp = —4.67 + 2.08InM + 0.975InC (5}
AR EAT AR FEMELTBEEHN
B R RSB 2.08 1 0.975. BRI & B Hu] 3
el LREE ARG R, 7 HE In(p/C) ~ InM
REBABE DM In(p/ M) ~InC XEB(EL), %
HEfMRERETFHREXRE HRAERARS T
208 H1.01. XFEERZERTFMNEEN, AL
WERGERNBEEE R - HE, SHLA
MER—FERN AEPHARERK(4),8F
105CH M EREE R FE S R AL EFE ST B0 .
p(MPa min') = 9.37 x 10°M* C (6)
R,(mol L' - min"") = K,p = 0.292M° C(7)
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Fig. 3 Initiative reaction mte depending on monomer
concentration

Slope = 2.08, regression coefficient = 0.998; Relative
deviation = 2.6%; C: g-L™'; p (i.e.,-dp/dt): MPa -
min~'; M:mol*L™'; DMC content; 0.05 wit% based on PO
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Fig. 4 Initialive reaction rate depending on catalyst

concentration
Slope = 1.01, regression coefficient = 0.977; Relative

deviation = 8. 1%
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Fig. 5 Effect of temperature on polymerization rate of PO
PO 9 mL; Toluere 9 mL; DMC 0.05 wi% based on PO;
Regression coefficient = 0.977 ; Relative deviation= 8.2%
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KINETICS OF DOUBLE METAL CYANIDE COMPLEX CATALYZED
PROPYLENE OXIDE POLYMERIZATION

WU Lichuan, YU Aifang, ZHANG Min, CHEN Liban
{ Guangzhou Institute of Chemistry , Chinese Academy of Sciences, Guangzhou  510650)

Abstract The kinetics of polymerization of propylene oxide { PO) catalyzed by zinc hexacyanoccbaltate complex
catalyst was studied by means of pressure measurements. All the reactions were carried out in 0.1 L autoclaves
equipped with manometers. As soon as the pressure of the system began to decrease, the peolymerization was
considered to have been initiated . By evaluation of vapor - liquid equilibrium of toluene solutions of propylene oxide,
the pressure was found 1o linearly depend on the PO volume fraction. Therefore , the mte of the reaction was known
to be proportional to the rate of pressure decreasing. The influence of reaction temperature, catalyst and monomer
concentrations on the reaction rate was investigated. It was found that the polymerization was a first order reaction to
the concentration of catalyst C, but a second order reaction to that of monomer M as shown in the following
equation . The rates also depended on reaction lemperature while the apparent activation energy was 5%.1 kJ/mol
according to the Arrhenius equation. It was proposed that the epoxide monomer must be involved in the initiation
stage of the polymerization. Based on this assumption a kinetic equation in which K was a rate constant was deduced
in well accordance with the experimental results: R, = KM’ C.

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



