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Fig. 1 DsC
crystallization for sPS and SsPSH-y (y = 1.60mol%,
1.05mol% ,4.41mol% ) samples at a cooling rate of 7.5K /min

thermograms of nonisothermal melt
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Table 1 Values of the T, and AH_ at various cooling rates for SsPS-
H-y and sPS samples

R{K/min) 5.0 7.5 15 25 35

sPS T(K) 518.5% 515.30 509.11 504.11 500.45

AH.(]/g) 24.82 26.53 26.49 24.73 24.34
SsPSH-1.60 T,(K) 513.58 511.30 505.18 499.80 496.70
AH(J/g) 18.63 18.80 19.03 19.59 19.76
SsPS-H-3.05 T,K)} 508.23 505.85 500.67 496.06 492.79
AH.(J/g) 8.22 7.77 172 1.50 B.19
SsPSH-4.41 T,(K} 497.40 495.41 490.60 485.68 484.48
AH(J/g) 4.75- 4.86

4.71 4.57 4.70
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Table 2 Avrami parameter, r ,and rate constants Z,, Z, and time constant #,,,during nonisothermal crystallization of SsPS-H-y and sPS a1

different colling rates

R{K/min) 35 25 15 7.5 5.0
sPS Z, 15.0252 8.2226 2.8152 0.8470 0. 4405
Z, 1.0805 1.0879 1.0714 0.9781 0.8488
n 2.6 2.5 2.3 2.3 2.4
. t2(min) 0.3063 0.3718 0.5437 0.9165 1.2079
SsPS-H-1.60 Z, 6.7338 3.7819 1.6355 0.2944 0.1116
Z. 1.0560 1.0546 1.0333 0.8496 0.6450
" 2.6 2.7 2.8 3.2 3.2
t1,2{min) 0.4171 0.5334 0.7360 1.3068 1.7696
SsPS-H-3.05 Z, 4.7826 2.7542 1.1959 0.1536 0.0711
Z, 1.0457 1.0414 1.0120 0.7790 0.5894
n 3.0 2.7 2.8 3.2 2.6
t},7{ min) 0.5253 0.5999 0.8230 1.6014 2. 4008
SsPS-H4.41 Z, 3.0042 2.4501 0.7784 0.1006 0.0512
Z. 1.0319 1.0365 0.9834 0.7362 0.5518
n 3.0 2.8 2.6 2.7 2.6
t1,2{ min) 0.6133 0.6370 0.9564 2.0438 2.7247
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Fig. 2 Polt of lg[ = In(1— X(¢})] versus Igz (min) for
nonisothermal melt crystallization of sPS and SsPS-H-y{y =
3.60mol% ,3.05mol% ,4.41mol% ) samples at a cooling rate of
7.5K/min
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Fig- 3 Polt of IgR (K/min) versus lgz{min) for sP3 and
55PS-H-y (y = 160mol% ,3.05mol% ,4.41mol% ) samples

at X{t)=0.4 during nonisothermal melt crystallization
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Fig. 4 Kissinger plots for determining nonisothermal melt
crystallization activation energies of sPS and SsPS-H-y (y=

1.60mol% ,3.05mol% .4.41mol% ) samples

Table 3 Nonisothermal crystallization kinetic parameters of SsPS-
H y and sPS at different degree of crystallization obtained by Mo
Zhishen method

X() 0.8 6.6 0.4 0.2 0.05

sP5 F(T) 13.35 7.40 4.93 3.44 1.92

a 1.4045 1.3657 1.4813 1.3981 1.4659

SsPSH-1.60 F(T) 14.21 10.61 B8.67 6.73 4.17
a 1.3974 1.3160 1.2759 1.2430 1.2285

SsPSH-3.05 F(T) 19.6% 15.35 11.95 B8.30 4.35
a 1.1380 1{.1347 1.1446 1.1445 1.1446

SsPS-H4.41 F(T) 23.78 17.97 13.95 9.74 35.15

a 1.1155 1.083% 1.083%9 1.0845 ]1.0840

AT 0.05 M 0.8 Z et , hE 4 HRMBLR
BIE AT PR\ « MF(TYEFITHR
I MRS SEET,SsPSH-y #1sPSH F
(T)EKE,SsPSHy MF(T)ERB T sPSH,
B SsPS H-y 3 TH S BB ERMSIA KK
EARMEREEERAFES FENEHZA—
THE FAHEAHAN SN - SRERT
HHHEREE NS REERE X5%1
M2 P RE—F.

Table 4 The AE values of sPS and $sPS-H-y samples from

Kissinger theory

Sample sPS SsPSH-1.60 SsPS-H-3.05 SsPSH4.41

AE (k]/mol) 240.50 251.70 272.33 290.79

% Al Kissinger 75 3% ®[ 3R #} SsPS-H-y HIsPS
LR B RELE
dlIn(R/T3)/d(1/T,) =— AE/R, (6)
AR BREBER, T, RS R RIEOEH
B, R, REEEH.AE REAELE REX
1SR 1g(R/T)~1/T, HiZR (B 4), 7 LA
EEBRFHSHER. & RFE LRI R TR
e
AE =-2.303R, x K (7)
Hib K 3@ 4P HENAF BEHINER,
k1% SsPS-H-y fisPS M AE H(RFE 4) K41
fEE B SsPS-H-y S RIGHER T sPSH, R
M ER NS AM SsPS-H-y MEMEES TR
MEBREER, XSWEHABBNERRE K
.
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KINETICS OF NONESOTHERMAL CRYSTALLIZATION OF
SULFONATED SYNDIOTACTIC POLYSTYRENE AND
SYNDIOTACTIC POLYSTYRENE

LI Huaming, ZHU Fangming, LIU Jincheng, LIN Shangan
{ Institute of Polymer Science , Zhongshan University , Guangzhou 510275}

Abstract The kinetics of nonisothermal crystallization has been studied for sulfonated syndiotactic
polystyrene (SsPS) containing 1.60mol% ,3.05mol% and 4.41mol% sulfo groups, and pure syndiotactic
polystyrene ( sPS) by means of differential scanning calorimetry (DSC) at various cooling rates. The theory
of Mandelkern and the method of Mo Zhishen for nonisothermal crystallization are used to analyze the DSC
data. The results show that the crystallization behavior of SsPS exhibits considerable differences in
comparison to the neat sample. The degree of crystallinity and the rate of crystallization are significantly
lowered by the presence of sulfo groups. The noninteger Avrami exponents, between 2 and 3, for sPS and
$sPS samples during nonisothermal crystallization procedure indicate that a mixture of nucleation and
growth mechanisms are occurring. On the other hand, the quite comparable Avrami exponents for the sPS
and SsPS samples suggests that sulfonation does not significantly alter the observed crystallization
mechanism of sPS. In addition, the crystallization activation energies for nonisothermal crystallization are
evaluated to be 240.50k] /mol for sPS, and 251.70k] /inol, 272.33k] /mol and 290.79k]/mol for SsPS
containing 1.60mol% ,3.05mol% and 4.41mol% sulfo groups, respectively.

Key words  Syndiotactic polystyrene, Sulfonated syndiotactic polystyrene, Noisothermal crystallization
kinetics, DSC



