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U EE] 2
M, =exp(445.1+53.791Ial 51)V2 - 8.820 (1
M, =exp(43.77+11. 75l p DV2 + 4.175 (2)
HEMPRELNR EANHMBRIEHSENE BRTEE r W FiHHE.

F=M/Eoy (3
2 #RETR
2.1 IBTHE
LR, E T RAERSFE YR EILES B, A —E B E W, o] B
ENENEERRE PPC(RU)) RANBTHESS r M ERAKRTHYHRE, nE 1
B.BERES. YW PPC AR RN AE NEERESFBETHER B T8
BT REERE, JHIG) .
/’O\
ROH) F+R'R* ¢——C R'R*+CQ,
RO[ (CR!R? ~ CR’R*0),CO0], ~ CR'R? ~ CR’R'OH (4)
{FPC) (x=1,R' ~R*=H, Alkyls)
M, = W,/N, {5}
Af W, AESYTR(, N, IBAESHI TR BT ERERFTEL B, AR
EFYMEERENERENENRE R ETHEES.

Table 1 Typical results of regulated CO, copolymerization *

No. Regulator N {mel) W) M (cald)® M {ohed}® Ed, r
t Ho o ﬂ?&}d—ﬁé o 5.7 2389 34600 647 2.08
2 H0 0.00305 9.4 3082 4255 2125 2.00
3 HO{CH, 3 OH 0.59¢ 1833 3137 2857 1496 1.91
4 HO(CH, ),0H 0.659 1590 2413 3180 1505 2.11
5 EtC{CH, OH)Y §.0494 153 3138 3319 1119 2.98
6 E+C{CH,OH), 9,563 1531 2582 4101 1286 3.19

a. Polymerization conditions: 60C in toluene, C0, pressure= ca. SMPa. N, is the number of the regulator; W, is the weight
of resulting copolymer; Eqy is equivalent weight of the regulator; f is the calculated OH fimctionality. b. According w0 E, 5.
. Byl 7]/GPC methodf*! d. Eoy is the equivalent weight of OH groups by titration. e. The observed OH functionality f= M,
{obsd)/ Eoy

2.2 HAREE

—ROLEEE RN RN RS A A SR EEER.
FALRAFEA SRR EENTE, HEFE Rp(mol/L/h) AU KM 4 — S L
Y E M, REH, SBAMTE Clo/LIATER, EFERENRE M, (md/LYH T HE
ERE F2REEFTEELRER. HF R, BINARE B & FH i H ot i fx
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Table 2 Rate of the CO,-PO copolymerization®

No. Aleobol W, W, vi M} M) C R, R?
g [ mL mol/L mol/L &L mol/L/h mol/L/h*
1 HDO 0.2 0.40 39.3 5.44 6.33 10.2 3.58 5.26
2 HDO 0.4 0.40 39.5 5.42 6.30 10.1 2.71 5.26
3 HDO 0.8 0.40 39.9 5.37 6.25 10.0 1.80 5.26
4 HDO 1.2 0.40 40.3 5.32 6.20 9.91 1.35 5.26
5 BDO 0.41 0.20 39.5 5.42 6.30 5.06 0.55 2.63
6 H:O 0.04 0.40 55.8 5.23 6.54 §.01 1.95 5.26
7 TMP 0.3 0.25 4.2 5.20 6.50 6.22 2.35 3.28
8 T™P 0.8 0.25 40.7 5.14 6.43 6.14 0.92 3.28

2.60C, V= 130mL, CO, = 15.0g, PO=20.0mL, PhMe = 7.0mL, F, = ca. 0. 4. W, is weight of regulator; W, is weight
of the catalyst; V{ is the system volume; M?, M? are C0O;, PO concentrations respectively in the liquid phase at the
begining; C is catalyst amount.

b. Re is the observed rate of copolymerization; R} is the rate without regulators, it is calculated according to RS = 0. 0622
cMi/ M

2.3 H&HEB

B, “HUREXRPHEREI, ROR SO SR 5 GR
MEANSTESR Zn JF, AL S HEREKE SR FERRIBEEFL(R(6)). BEH
BERER(R (M) EEEM R E S ARM, REEEEE PO Z0-0 BYEEHA . F7
AR R Y FEAKIEA NG, 0 —FB Y TIRT— 8K, Y 00, HAE, F—
WIEAR RERFEEETRERS— CO,, 7N SR 4k LB 8 5 15 (£(8)).
L EVIERFMEE T TRUR DA ERNE, BRENT CO, REHENER.

SIAEERELEWERES N, R A PHRESSBRN(R(9)), HESEBREE
HHL, A FRBAY. ANSIRESES T —MAYHA T, REAMAE A
FHHEENTEE. ST OSBRSS RGN BENDE RIEB23 %, %
AEEEE.EH <k, BEEERK. M HESLE1.

B 1 98 R-OH RREHH EE R FATEHELM OH £. 4 ROH A L2
WEXRDS F. 47D 5EEPORNES B LR AN ESRN. R PR ME
R0 FEBY, TR,

2.4 EhH¥¥

ERVEURR AT RS RTRY .

gk C+ Mzﬁ-cz (6)

ky ka kyy
i, Co+M,—C, G+ M —C,Cy+ My, — G, (7)
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Fig.1 Scheme of initiation and transition
k,

ﬁ'ﬁﬂ: Cl + M1 — C (8)
5. C,+T,— cc1+r—>c (9)

Fp T, RIEHH TR EREN TEEEE (mol/L), B & AL R —Fhiy 515 By B i
K, BERTRHEPRELASIOR C RF BERNERBREST, U

dCy/dt = B,MyC + kpMaCy — knM;Ca — by T,C, = 0 (10)
dC,/dt = knM,Cy — kyM;Cy — kM, Cy — B,T.C, = 0 (11)
B’ Cy = [RisMy + B, My + b T kM) ]1C,
C, = [B,My/(e M + £, T)]IC
RAUTESHEBRER:

Rp =—d(M, + M;)/dt
= B MC + by MyCy + kyy M Co + ka2 M, Cy + &M, Cy
AW—HAEEMEEHHTIECLE, B
Rp = B, M3C/(M; + K.T.) (mol-L'-h™") (12)
AP b, =2k by Ke=ko/b, R2)BRRBAFETREGNERTE. CRIFLAE
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Fig. 2 CO,-PO  copolymerization regulated by HO
(CH; )e OH(HDO}
Dots: Expenimental results; Curves; Theoretical calculation

by Eq. 12

Conditions: T = 60C, V, = 130mL, C0, = 15.0g, PO =
20.0mk, PhMe = 7. OmL,

1:HDO=10.2g, 2:HDO=10.4g, 3: HDO= 0. 8g, HDO =
1.2g

PPC yield (g)
-
T T I
o
o
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>

[ ¥
T
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Fig. 3 COy-PO  copolymerization regulated by
trimethylolpropane( TMF )

Dots: Experimental results; Curves: Theoretical calculation
by Eq.12

Conditions: T = 60C, V, = 130ml., CO, = 15. 0g, PO =
20.0mlL, PhMe = 7.0ml,,

1: TMP=0.3g, 2:TMP=0.8¢

PPC yield (g)

t{l

Fig.4  00;-PO copolymerization regulated by H,O and HO(CH, ),OH

Dots; Experimental results; Curves: Theoretical caleulation by Eq. 12

Conditions: T=607C, V¥, = 130mL, CO, = 15.0g, PO=20.0mL, PhMe = 7. 0mL,
1:H,0=0.04g, 2: HO(CH,; ),OH= 0. 4mL

BRMAFG0T, IR T, £,=0.0622; T BHBRYESEBEY K HHE, HE—
B EEFRENLE KT SEAHR 1162.27.0.36.0 # 100.0. X (12) X E T
AREREEYHERL = RGHE RS CR7]), BRE 2~4 Pyl A e Bt
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RATE OF REGULATED COPOLYMERIZATION OF
CO, AND PROPYLENE OXIDE

YANG Shuying, CHEN Liban, YU Aifang, HE Shujie
(Guangzhou Institute of Chemistry, Academia Sintcn, Guangrzhou 3106507

Abstract In the copolymerization of C{ and propylene oxide, the copolymers with
designed molecular weight and OH-functionality can be obiained by addition of certain
regulators. The copolymenzation was found slower than that without regulators. The
regulation is recognized to be the chain transfer reaction between the active hydrogen and the
active centers of the catalyst. Mechnism for this copolymerization was suggested and a rate
equation was accordingly deduced. The transier constants were determined for regulators
such as H,O, 1, 4-butanediol, 1, 6-hexanedicl, and 1, 1, 1-trimethanolpropane. Yields of the
copolymerization in the presence of such regulators at various reaction time were caleulated
according to the developed principle. The results were consistent with the experimental data.

Key words Carbon dioxde, Propylene oxide, Regulated copolymerization, Rate equation



