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St. MMA, ZNEERMAEMAK, BA N, {7, FFREH, FHEE SSCEARMASI XM APS,
B EE A 200rpm, T 84C B S Sh M b, A RBZHALE, AL H. REFHB
ARB S, Bri g ERRCHARKBENMARELE.
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F(z) = bg* G(by*t + b3,¢)
OBERES, KRBT 805152, BRIBIGHE, F(1)=bo* G(by* t +b3,0)
B+ o) = limbox GGy % ¢ +5,0) = byx | gBix e+ = by

F(+ o) BB H L it

OB EM SR LR, R R GERML:

f(t) = F(t) = bo*byxg(by*t+ byc)

RHEE £ () =0, BB TN IR R KA BE 2,085 K LFE Conv, IR AER
MV = f(£,)(100% / k).
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EFHAE S R4 Conv, .Conv, & H # : AConv = Conv, - Convy, 18 B 15 B-F T b
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AV = 8O (000 /) NV - Convy

27 b ty

2.2 ReEEmHP*

B % St/MMA BYEE/R I 0.649, Bk Sk B 1.530mol/L MTEA T, A ATR LM
BREELHAEFERENEINEGER.
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Fig.1 Fitting curves of the conversion versus reaction time . -
Fig. MV v
at different [AA](10~2mol/L) ig.2 Fitting curves of and AV versus [ AAl

oAAD:y=0.871" G(95.372" x + 8248.976, 8443.207) (10 *mol/L)

AAD:0;a AAL:y = 0. 9297 G(43.0287 x + 1768.114, o 4y = .312 + exp( — 6.378 + 0.230" [AA]) Residual
1858.777)AA1:5.099; mAA2, y = 0.937" G(11.819" x

+109.610,130.056)AA2:10.163: @AA3, y = 0.946* G Error:0-000199

(2.987° x + 2.340, 7.882) AA3;15.191;0AAd:y =  aMV =10.365+ exp{ - 6.179 + 0.229" [ AA]) Residual
0.869° G(3.601" x+0.208,5.494 AA4:20.184 Error:0.00024

G{x, c) : Integral of Gamma function g(x, <) rront
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Table 1 Numerical characters of the curves in Fig. 1

Run [ AA] MV ta CODV, % C(llvl ) COﬂV; AV Residual
No. (10 *mol/L} (100%/h) (h) (100%) (h) (100%) (h) (100%) (100%/h) (%)

0.000 0.3608 2,026 0.4330 1.063 0.1370 2.99%0  0.7305 0.3081 0.0112
5.099 0.3700 2.084 0.4938 1.082 0.1422 3.086 0.7764 0.3165 0.0016
10.163 0.3887 1.619 0.4466 0.654 0.1280 2.575  0.7669 0.3324 0.0024
10.163 0.3977 1.672 0.4783 0.840 0.1155 2.505 0.6817 0.3401 0.0123
15.191 0.4245 1.521 0.3788 0.642 0.0704 2.399 0.7050 0.3612 0.0014
20.134 0.5780 1.191 0.3285 0.602 0.0501 1.779 0.6276 0. 4907 0.0041
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3. M HE Gamma BEKR—Br. = APS3: 6.092;'. APS3* . y = 0.841° G (22.918" = - 13.304,
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—B R RRFEBLERRLE S HP MA, (mml/L) .

oMV =0.416+ exp( — 12.725 + 2.246* [APS])
AV 5[APS]Z A EREIU SR MR R Residual Error;0.0153 .
KL 6 R ;g:laoéﬁ Toﬁ(m_ 13.045 + 2.272° [ APS])
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(MV AV A ELAMIBERE 2 MK, ARG 9 3% L 0l /b, REP RIS 4E, R
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Tabde 2 Numerical characters of the curves in Fig. 3
Run [APS] MV P Conv,, N Conv, 1, Conv; AV Residual
No. (mmol/L) (100%/h) (h) (100%) (h) (100%) (h) (100%) (100%/h) (%)
APl 3.046 0.4209 1.772 0.4591 0.896 0.1437 2.649 0.7750  0.3601 0.0011
AP2  4.570 0.5002 1.336 0.4236 0.624 0.1209 2.049 0.7305 0.4278 0.0017
AP3  6.092 2.9432  0.610 0.3686 0.484 0.0642 0.735 0.6922  2.5000 0.0011
AP3Y  6.092 3.1181  0.839 0.3305 0.733 0.0578 0.945 0.6204  2.6538 0.0034
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Fig.5 Fitting curves of the conversion versus reaction time
at different T(TC )

*T1:y=0.931"G{65.243" x + 4136.375, 4310.853)
T,:78

aT,:y=0.946"G(2.987" x+ 2.340,7.882) T,:84
aT5:7=0.943"G{5.446" x+,5.129);

G(x,c): Integral of Gamma function g(x, c)

Fig.6 Fitting curves of MV and AV versus T
aMV.y=0.362 + exp(0.383" x — 34.991) Residual
Error:0.00001

mAV:y=0.310 + exp(0.386" x — 35.381) Residual
Error: 0. 000002

Table 3 Numberical characters of the curves in Fig. 5
Run T MV to Conv, £ Conv, s Conv, AV Residual
No () (100%/h)  (h) (100%) (h) (100%) (h) (100%) (100%/h) (%)
T1 78 0.3691 2.659 0.4617 1.653 0.1443 3.665 0.7798 0.3159 0.0018
T2 84 0.4245 1.521 0.3788 0.642 0.0704 2.399  0.7050 0.3612 0.0014
T3 o0 0.9881 0.942 0.3518 0.385 0.051¢ 1.131 0.6761 0.8379 0.0005

MU LM 2.4.6 0JH, BESHE AV 5 0.230[AA].2.272[ APS]H1 0.286T 2%
XE.BR [APSTHESHEENB X, HABESEEBI ST IR EIER.
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STUDY OF KINETICS AND MODEL OF TERNARY
EMULSIFIER-FREE EMULSION COPOLYMERIZATION

YAN Cuie, CHENG Shiyuan
( School of Chemistry and Material Science, Hubei University, Wuhan 430062)
FENG Linxian
{ Dept . of Polymer Science, Zhejiang University, Hangzhou 310027)

Abstract  The emulsifier-free emulsion copolymerization of styrene (St) and methyl
methacrylate (MMA) in the presence of functional monomer acrylic acid {AA) was carried
out in batch process. Effects of concentration of functional monomer AA, initiator
concentration [ APS] and polymerization temperature T on the kineties of the
copolymerizatuion were investigated. Model function of cumulative conversion vs. reaction
time—— Integrated Gamma Function was built up, and was empolyed to fit the samples of
cumulative conversion versus reaction time. The maximum polymerization rate ( MV),
average polymerization rate {AV') in the steady stage, average nucleation rate (NV) and the
corresponding cumulative conversions at moment of nucleation stage ceasing and at the steady
stage completing were estimated by calculating extremums and inflexions of it’s fitted
Gamma Function. Whereafter, the polymerization rate versus each single polymerization
parameter was analyzed with non-linear fitting and the related equation was obtained. The
results show that the fitting error is very small and both the nucleation rate and
polymerization rate increase with increasing [AA], [APS] and polymerization temperature
T. Among these reaction parameters, [ APS] plays a predominant role in the polymerization.
The cumulative conversion is within 15% when the nucleation stage ceases.

Key words Ternary emulsifier-free emulsion copoymerization, Kinetics and model of
polymerization, Non-linear fitting, Functional monomer, Gamma function



