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2 o ! Poly (phenylene sulfide), PPSo| u2x&3slE fla) g5 9 294 Fae A6
At o] FEEA ¥ HESPA 9] B2 1-chloronaphthalened eluent® &hed 17-&(210
T) GPCE AHgsle] ZHslgin, €4 438 DSCZ zAREIgich A NMP o8 A3l
m-dichlorobenzene (m-DCB)  %-&  1,2,4-trichlorobenzene (TCB)-&  p-dichlorobenzene (p-
DCB)3} &) sodium sulfide (SS)Z 233 A9, m-DCB/p-DCB/SS 2% wlgoz A4
H PPS FEHAEL 84S0 2 € 79 7,2 #asiedAgt, TCB/p-DCB/SS #5%
A Bfele Le 78 T, Zastgd o TCB geko] 2 mole% o)A BxlgFo] &71819
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off o3t 20 FEEF ojo MFA A 20 T L 2L W 28] 194 FEHI 9
@Btk ¢ 3ol TEEd Ay 2uA el 9@ PPS gsFEAe] B¢ 12 GPC
24 AT, vEAREE A% 19A 88, Kurehasl 204 583 2 3599 F5un 24
ol A Jesit

Abstract : For the purpose of increasing molecular weight of poly (phenylene sulfide), PPS,
copolymerization method and two-stage polymerization method were investigated. The ther-
mal properties and molecular weight of copolymers and homopolymers were determined by
DSC thermal analyzer and high temperature (210°C) GPC with 1-chloronaphthalene as elu-
ent, respectively. Copolymers were prepared by the reaction of Na,S-9H,0 (SS) with p-
dichlorobenzene (p-DCB) and m-dichlorobenzene (m-DCB) or 1,2,4-trichlorobenzene (TCB)
in N-methyl-2-pyrrolidinone (NMP) solvent at 250C. In case of the PPS copolymers
synthesized by the reaction of m-DCB/p-DCB/SS, molecular weight, 7;’s, and 7,,'s were
lower than those of PPS homopolymer. On the other hand, the 7;’s of copolymer synthesized
by the reaction of TCB/p-DCB/SS increased with increasing amount of TCB comonomer
and the use of minor amount (2 mole%) of TCB comonomer gave higher molecular weight
polymer than PPS homopolymer. Two-stage polymerization of PPS reported Kureha compa-
ny and a simplified direct two-stage polymerization were compared with one-stage
polymerization of PPS with increased reaction time or m-DCB and TCB copolymerization. It
was found that PPS homopolymer by the simplified two-stage polymerization method gave
higher molecular weight PPS sample than those by the one-stage polymerization with in-
creased reaction time or copolymerizations.

Keywords © poly( phenylene sulfide), copolymerization, two-stage polymerization, thermal proper-
ties.
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Table 1. Yield and GPC MW Data of m-DCB/p-
DCB/Sodium Sulfide Copolymerization Samples?

Sample = Feed mole ratio  Yield M,

No. |(m-DCB/p-DCB) (%)  (x10%) o e
PRS- 0100 836 58 3z
PSC-1 5/95 761 31 23
PSC-2 10/90 81.7 44 26
PSC-3 20/80 764 5.0 29
PSC-4 30/70 69.5 45 2.9

“ Reaction condition : Reaction temp. (250°C), Reaction time (4hr),
Monomer conc. (0.5 mole/L. NMP), Dehyration of NaS-9H,0 to 1.
5 H ZO/NaZS level was conducted.

b PPS-4 is a homopolymer sample.

Table 2. DSC Thermal Data for m-DCB/p-DCB/
Sodium Sulfide Copolymerization Samples

Sample | Feedmoleratic 7, Toe 4H, Tywe dHpe T 4H;
~ No. (m-DCB/p-DCB) (C) (C) (J/g) (C) (J/e) (T) J/g)
PPS-4 /100 740 1117 242 248.1 584 2754 664

50.0 85.5 29.0 221.6 49.9 260.3 76.5
PSC-2 10/90 53.7 92.7 34.6 199.1 46.1 2439 61.3

PSC-3 20/80 44.6 931 34.5 161.6 45.3 204.9 42.0
PSC-4 30/70 3261089187 - - - -
1 m-DCB/p-DCB
\ 5/95
\ 10/90
\ 20/80
<
= 30170
l
20 40 60 80 100

Temperature(C)

Fig. 1. DSC thermograms of m-DCB/p-DCB/sodium
sulfide copolymerization samples.
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Table 3. Yield and GPC MW Data TCB/p-DCB/
Sodium Sulfide Copolymerization Samples®

GPC MW Data

Sample | Feed mole ratic  Yield

No. |(m-DCB/p-DCB) (%)  MJ(x10°) M/M,
PSK-300 0 07100 889 58 5.3
PSK-36 | 2/98 60.2 75 42
PSK-57 4/96 575 5.3 3.9
PSK-58 6/94 537 49 41
_ PSK-59 8/92 514 2.9 2.7

2 Reaction condition | Reaction temp. (2507C), Reaction time (4hr),
Monomer conc. (2.0 mole/L. NMP), Dehyration of Na,S-9H,0 was

not conducted.
b PSK-30 is a PPS homopolymer sample.

Table 4. DSC Thermal Data for TCB/p-DCB/So-
dium Sulfide Copolymerization Samples

Sample | Feedmolerato 7, T dH, T JH, T, 4H
(TCB/p-DCB) () (T) (J/g')(_Q(Jﬁ)LCLJE)
PSK-30, 07100 745 110.2 24.1 247.8 58.1 2784

PSK- 561 2/98 652 1111 329 19334732599498
PSK-57 4/96 69.8 117.8 28.2 174.0 32.2 233.9 30.2

PSK-58 6/94 77.2 1475 13.9 153.5 16.8 222.2 184
PSK-59'  8/92 85 - - - - 2174115
1 — TCB/p-DCRB 1

2 0/100

\,_l 2/98

’\//94‘

*— Endo
/

7]

N

20 40 60 80 100 12
Temperature( ')

Fig. 2. DSC thermograms of TCB/p—DCB/sodium
sulfide copolymerization samples.
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Table 5. Effect of Various Synthetic Methods on
the Molecular Weight of PPS

Sample Yield M, ,
No. (%) (X109 M/ ¥y
o PSK-30r 89 58 . 53
PSK-25 | 62.5 99 85
PSK-56¢ | 60.2 75 4.2
PSK-64¢ I 6.7 45
PSK-65¢ 1 94.0 11.0 8.1
P11 | . 24.9 113
1

4 PPS  homopolymer (by Phillips process, reaction time of
4hr).

b PPS homopolymer by two-stage polymerization reported
by Kureha Co.

¢ TCB/p-DCB with sodium sulfide copolymer.

4 PPS homopolymer (extended reaction time of 8hr).

e PPS homopolymer by direct two-stage polymerization.

f Tohpren (Japan) Co., uncured resin.
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