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Abstract : Poly(phenylene sulfide)[PPS] and its derivatives ; poly(phenylene sulfide sulfone)
[PPSS], poly(phenylene sulfide ether)[PPSE], were synthesized and their thermal properties were
investigated by DSC and TGA. In case of PPSE, the crystallization behavior was also studied by iso-
thermal data from DSC and Avrami equarion. PPSE and PPS show high crystallinity, while PPSS is
totally amorphous. Glass transition temperature(T,), melting temperature(T), and maximum crysta-
llization temperature of PPSE have much lower than those of PPS. On the other hands, thermal stabi-
lity and crystallinity of PPSE were relatively higher than those of PPS.
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Fig. 1. IR spectrums for PPSS and PPSE.
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Table 1. Inherent Viscosities, and Yields of PPS and
Its Derivatives

Polymers [n] Yield
(gr/dD) (%)
PPS: --®-S-—- 0.093
PPSS | --®-SO;-P-S-P-- 0.064 93
PPSE : --®-0-9-S-P-- 0.099 85
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Fig. 2. DSC thermograms for PPSS and PPSE.
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Table 2. DSC Thermal Data for PPS and Its Derivatives
P l TK T( AH< Tmc AHmc Tm AH[
olymers . B o o g
’ (© (©) (J/g) () J/g) () J/g)

PPS 83 124 156 244 45.2 279 40.3
PPSS 215 - - none - none -

PPSE 47 78 26.5 147 43.8 195 455
Table 3. TGA Data for PPS and Its Derivatives

Degrzdation  Maximum % of
Polymer starting degradation residues
temp.(C) temp.(C) at 800C E

PPS 4495 528 439 k]

PPSS 480 516 422 * |
PPSE 523 565 37.5 8

0 3 6 9 12
PPSEQ] A%+ uE Wb nedE BExpd] 7} Time in minutes

A5l QAT o ﬂ“" 7ol 2% Eape] §E54Me] Fig. 3. Typical crystallization exotherm for PPSE at
Fot T, T, T, 28] T, 7} 7tz 47C, 78C, 70C, showing the method to calculate the normalized
195C 1831 147C2 PPSE T 84 v Uehd) crystallization behavior.
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Table 4. Avrami Parameters for Cold Crystallization of
PPSE

Temp. In ty;, K AH.
(¢)  (min) 8 O
65 4.69 25 2.55X10°% 258
67.5 4.33 2.5 3.66X10° 241
70 2.35 2.2 2.97X10% 250
725 1.33 2.0 9.20X10?% 27.8
75 (.44 19 242X10° 266
775 —(.68 1.6 8.36X101' 267
80 —1.05 14 1.41 10" 28.0
85 —2.05 1.6 3.48 10" 19.6

Table 5. Avrami Parameters for Melt Crystallization
of PPSE

Temp. In tye K AH,
(©)  (min) ! s U
1625  —161 19 1.84X10° 94
1675  —L57 19  1.74X10° 118
170 —~0.20 13 6.44X10" 262
1725 0.44 14  323X10' 256
1775 1.06 16  151X10" 143

Z7kEa K ke gaske Aoz vegdth 5
melt crystallizationol X &%7} £& “1‘57“ EAEE
o] sty ZAs s} Jolur|vt 1 wHE oE s

oju]gtet,

Table 49} Table 52| Z¥ =2 H& 2= 3o 0
K9} t;,9] W8E 23 polynomial regression 3}
2(4) ¢} (5) =z Ao

InK=~43.131+7.9237X 10T, —3.1799X 10°T
4

=S
-
il

Inty,=40.305—7.5784 X 107 T +3. 0463 X 10°T/?
(5

sl PPSEd thale] DSCe]
Ag RnEos Z % W ojol A 2] half

crystallization time¥} oluje] A& s} &=+ Kik

9 A 4) 9} (3)

o]-&

=2
=
=

FH% 5 Qe X

& 8 qlrh 4@ ¢ (5)F plotgh Zlo] Fig. 6
9] ag} bolry.
290

Y

i

W - bole
8 T T T 8 ¥ T o
6l a) ] 6l b)
[ ]

at 14
2t 1 2t

-2 1 -2

—4} 1 -4

—B} = | —6t

-8 - P
40 80 120 160 200 40 80 120 160 200

Temp.(T) Temp.(C)

Fig. 6. (a) Relationship between rate constant, K, and
crystallization temperature 5 (b) Relationship bet-
ween crystallization half time(min) and crystallization
temperature, for PPSE.

L
i

mM

aFe)q e A A
el 2uel=
5X10%0.2 333 i
] o Q% A7t

C

PPSE7} 2t} AA3}
120~1307C o] 3L o]w 2]

L ghe Uehfa Qo
0.1z 9 wkch,
o] Bl o)alm PPSe] A% AujA
L]—E]—LH-— 257k 170Ce) i olu &g
- o]gick, uwelr PPSEe] 7% 9-7t
AHelErs 1,5%X10?

Ak ol Al
Z )8k

b
o [U‘iﬂl

=B
N
Pl

5

AL
I
Yo g o
o
(._.

[}

o o

r

X

_&1 fr oo Jp

SRS gl
ZAMS A3t PPSS
PPSS} rlabA R

PPSE¢} o€z 7]ol] 2|3t g

Lﬂg
=
87
2
ar
a

fo & w

auche effecti PPSED}

4 3e T, 9 T, & BelFAth TGAR ole)
A YA ZAG A3t LE FRA NS 5

Polymer (Korea) Vol. 17, No. 3, May 1993



ZY (Aol =)o O FEAE

F IS B FU7] gFol o] BAEE
53 PPSe| A3 & ABAL A3 glo] G
22 MERE 92 YWEAATY 883 x 74
A& B3 F F e 7HeAE AAERAT o
7lo) BIA = B} B2 A7 B8 F Fo|th

DSC9} Avrami 41& o]&3}la] PPSEe] ZA 317
S ZARgE A7} cold crystallizationdl| A& %7}
S FE AREEAS ke Z718kar AvramiA]
& e Aastg. oA PPSEY cold crystalli-

)ﬁh’

zationd ¢ 257t 2§ 58 AR A&
22Xt BelAd Ao g gL onsic), LI
PPSE¢] 74 %7} PPSHu} U AAZEEE Ve

2k wgten, 234945 E8 Ui

19925 W% A PRoENEA
FEAHe ojstel ATHgIon ol

QA% AlelE EEIh

}I]_:’
b
Mu

3

1. B. ]. Tabor, Eur. Polymer J, 7, 1127 (1971).

2. J. T. Edmonds and H. W. Hill, US Patent 33541
29, 1967.

3. W. Brostow, Mater. Chem. & Phys., 13, 47 (1985).

Za|of 4178 A3Z 19933 5¥

4.

10.

11.

12.

13.

14.

15.

16.

EEERER

A48 AF

W. Brostow and M. A. Macip, Macromolecules , 22,
2761 (1989).

. W. Brostow, M. Fleissner, and W. F. M ller, Poly-

mer, 32, 419 (1991).

. J. T. Edmonds and H. W. Hill, US Patent 36248
35, 1970.
. G. P. Desio and L. J. Rebenfeld, L. /. Appl. Polym.

Sci,, 39, 825 (1990).

. P. R. Subramanian and A. L. Isayev, Polymer, 32,

1961 (1991).

. D. R. Budgell and M. Day, Polym. Eng & Sc., 31,

1271 (1991).

R. W. Campbell and L. E. Scoggins, US Patent
3869434, 1975.

J. D. Schultze, 1. A. D. Engelmann, M. Boehning,
and J. Springer, Polymers for Adv. Tech., 2, 123
(1991).

H. Gupta and R. Salovay, Polym. Eng. Sci., 30, 453
(1990).

R. M. Silverstein, G. C. Bassler, and T. C. Morrill,
Spectrometric Identification of Ovganic Compounds,
John Wiley & Sons Inc., New York, 1981.

H. G. Elias, Macromolecules, pp 99, Plenum Press,
New York, 1977.

M. Avrami, J. Chem. Phys., 7, 1103 (1939) : 8, 212
(1940) 1 9, 177 (1941).

J. P. Jog and V. M. Nadkarni, J. Appl. Polym. Sci.,
30, 997 (1985).

291



