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Fig. 1 IR spectrum of PO-PA copolymer
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Fig. 2 'H-NMR spectrum of PO-PA copolymer
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Table 1 Effect of solvent on PO-PA copolymerization

Solvent Yield (g) Conversion { % )
Ether 18.2 75.1
THF 22.4 96.1
Cyclohexune 17.6 75.5
Acetone 21.7 93.1

PA = 15 g; PO = 10 mlL, Temperature = {100 £ 2} °C; Reaction time =
3 h; Total monomer concentration = 5 mol/L

Catalyst level (concentration in a mixture of monomer PA and PO on a
solid Zn; [ Co{ CN ) ]; weight basis) = 80 mg/kg
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Table 2 Influence of micro-water on M, of PO-PA copalymer

Water

Conversion ( %) MM, M,

(1072 mmol)}
5.56 94.0 1.52 2538
11.11 97.8 1.31 1320
16.67 96.2 1.18 987

PA = 10 g; PO = 10 mL,, Solvent: THF; Total monomer concentration =
5 mol/L; Temperature = 100 + 2°C ; Reaction time =3 h; catalyst level

= 60 mg/'kg
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Table 3 Influence of reaction conditions on PO-PA copolymerization

Run Temperature{ C ) Catalyst level(mg/kg) Reaction time(h) Yield(g) Conversion{ % ) MM, M,
1 100" 100 10 - - - -
2 1107 30 5 8.6 47.0 2.0l 2879
3 120° 60 3 14.9 51.4 1.74 3315
4 130° 60 3 17.1 93.4 1.82 3395
5 60 100 10 - - - -
6 70 60 5 8.8 48.1 1.87 2955
7 80 60 3 13.3 72.7 1.68 3447
8 90 G 3 17.2 %4.0 1.55 o4
2 100 60 3 17.8 97.3 1.64 4017
10 90 60 1 7.2 39.3 1.77 3258
11 90 60 2 14.0 76.5 1.72 3543
12 90 50 3 17.2 94.0 1.55 3974
13 90 60 4 17.5 95.6 1.53 4004
14 90 60 5 17.6 96.2 1.52 4033
15 90 20 10 - - - -
16 90 30 5 6.4 35.0 1.71 2890
17 %0 40 3 11.8 64.5 1.66 3654
13 90 60 3 17.2 94.0 1.55 3974
19 90 80 3 17.7 9.7 1.56 3145
20 90 100 3 18.0 98.4 1.62 2357

PA = 10 g; PO = 10 mL; Selvent: THF ; Total monomer concentration = 5 mol/LL

" Polymerization without solvent

42 'H-NMR & PA FEH L1 FFER
W 1 PO R P R I 4 A R WO R R BT LA
Rt By EE HMES TR, KK
THEMAR PAPOEBRERENLERERAT
RA, EEREBHEMNEEEGERN TR
HEWMARBE® R TRA

MEAFAIEL, EEYH PARSTE(F.,)
FRBEYHP PAHEMTES, B LE EE
18 PA/PO < L B, EZIE Y P PAF AL
mHPAERERPHSRBER MLRYP
PARYMIBITLUH PANERHRBLERZE
. EFEREEALE KA 1 LS (PA/PO21),

M PA, MARYHHBRLER 1.

Table 4 Effect of monomer charge ratio of PA and PO on composition of

the copolymer

Conversion  Copolymer composition( % )

PO/PA(mol)  Yield(g)

(%) Fp Frg
3 19.5 89.9 23.7 76.3
2 16.2 91.0 32.4 67.6
1.5 14.2 89.6 39.3 60.7
1 12.1 87.1 49 .4 50.6
0.8 10.8 82.4 50.1 49.9

0 . _ -

Polymerization without solvent; Temperature = (120 = 2} °C ; Catalyst level

=60 mg/kg
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Fig. 3 Dependence of copelymer yield on reaction time
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Fig. 4 Dependence of monomer conversion on reaction time
Temperature = 90°C , Catalyst level = 50 mg/kg; Monomer charge: PA
=5 g; PO =5 mL; the others were same as in Table 2.
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RING-OPENING COPOLYMERIZATION OF PHTHALIC ANHYDRIDE
WITH PROPYLENE OXIDE BY DOUBLE-METAL CYANIDE

HUA Zhengjiang, CHEN Shang, FANG Zuo, QI Guorong
{ Department of Polymer Science and Engineering, Zhefiang University, Hangzhou  310027)

Abstract Ring-opening copolymerization of phthalic anhydride (PA) with propylene oxide {PO) was successfully
carried out by using double-metal cyanide { DMC) . The characteristics of the copolymerization were presented and
discussed . The structure of the copolymer was characterized with IR and 'H-NMR. The number-average molecular
weight { M) and molecular weight distribution of the copolymer were measured by GPC. The results showed that
DMC was a highly active catalyst for the copolymerization of PA and PO, giving high yield with a rate much higher
than that of PO homopolymerization with the same catalyst at a low catalyst level of 60 mg/kg. This copolymerization
can be also carried out in many organic solvents,and it was easier to be carried out in polar solvents such as THF
and acetone than in non-polar solvents such as ether and cyclohexane . The proper temperature for reactions carried
out in solutions was in the range of 90 ~ 100°C. That was lower than the temperature range for bulk-
copolymerization . The M, was affected by the catalyst level , reaction temperature and trace water. M, was in a range
of 2500 ~ 4000 under firm polymerization conditions by removing trace water and other impurities . The kinetics of the
copolymerization was also studied . The results indicated a first order relationship between the copolymerization rate
and the monomer concentration.

Key words Double-metal cyanide, Phthalic anhydride, Propylene oxide



