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Abstract : For the improvement of molecular weight of poly(phenylene sulfide), PPS, copolymeriza-
tion method and phase transfer catalyst as additive were investigated. As a preliminary experiment
the optimum homopolymerization conditions of PPS from p-dichlorobenzene(DCB) and Na,S - 9H,0
and poly(phenylene sulfide/sulfone), PPSS from 4-chlorophenylsulfone(CPS) and Na;S « 9H,0O were
examined. The use of minor amount of CPS comonomer with DCB in a coupling type reaction was
found to give higher molecular weight polymer than direct copolymerization or homopolymerization
of PPS. The addition of 1/50 amount of phase transfer catalysts such as 15-crown-5, 18-crown-6, dibe-
nzo 18-crown-6, dicyclohexano 18-crown-6 based on sodium sulfide also improved the molecular wei-
ght of PPS. The effect, however, was not so great as that of lithium acetate added equimolar amount
of NazS - 9H;O into NMP solvent.
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INTRODUCTION

Poly(p-phenylene sulfide), PPS is a semi-crys-
talline thermoplastic polymer which possesses
good thermal, mechanical, and chemical properties
in addition to self-extinguishing.!™* Although PPS
has a long history in the chemical literature, recent
research on PPS was begun by A. D. Macallum in
1948° R. W. Lenz and coworkers reported the syn-
thesis of PPS by a self-condensation of copper(l)
p—bromobenzenethiolate.6 This method, however,
has a problem of removing copper(I) bromide by-
product due to its low solubility in water. Edmo-
nds and Hill at Phillips Petroleum Company’ int-
roduced a new route to PPS utilizing p-dichlorobe-
nzene and sodium sulfide in N-methyl-2-pyrroli-
don(NMP) at elevated temperature. This method
is currently used in the commercial production of
pps?

On the mechanism of PPS polymerization, Koch
and Heitz reported a reactive intermediate polyco-
ndensation involving radical cations genenrated by
single electron transfer(SET). Fahey and Ash® re-
cently showed that PPS was synthesized through
an aromatic nucleophilic substitution(SyAr) me-
chanism from the model compound study. Accor-
ding to them, the unusual growth of high molecu-
lar weight PPS at low conversion could be explai-
ned in terms of increasing reaction rates of SyAr
reactions as oligomers are formed. Tsuchida et. al.
10 reported that they could also synthesize PPS
from diphenyl disulfides as monomers. Their me-
thod, however, is based on oxidative cationic poly-
merization, and out of the scope of this work.

One of the problems of PPS and related poly-
mers is inherently low molecular weight of virgin
polymers made by polycondensation reaction rou-
tes.

In this work increasing the molecular weight of
PPS was attempted in two ways. The first app-
roach was direct copolymerization of CPS with p-
DCB/Na,S system or coupling reaction of PPS pol-
ymer with CPS monomer. The second was to
study the effect of additive like crown ethers on
the molecular weight of PPS homopolymer.
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EXPERIMENTAL

Materials

Sodium  sulfide(Na,S - 9H,0), p-dichloroben-
zene, 4-chlorophenyl sulfone were obtained from
Aldrich Chemical and used as recieved. NMP sol-
vent was distilled under reduced pressure in the
presence of CaH,. 1l-chloronaphthalene used for
the measurement of viscosity of PPS was obtained
from Aldrich Chemical and used without further
purification.

Polymerization

For the polymerization of PPS, 0.125 mole of Na,
S+ 9H,0 was dissolved in 150 ml of NMP in a th-
ree necked flask equipped with Ar gas inlet-outlet
adapter, thermometer, and Dean-Stark trap, and
then the solution was heated to 200C. The amount
of water collected was close to sodium sulfide cry-
stal water. Dehydrated sodium sulfide/NMP solu-
tion was placed in a 350 ml stainless bomb type
reactor. To this solution 0.125 mole of p-dichloro-
benzene dissolved in 100 ml of NMP was added
under Ar gas atmosphere. The reactor was capped
and the mixture was reacted at 250C with stirring
for 3 to 6 hours. For homopolymerization of PPSS
in which dehydration of Na,S - 9H,0 was not con-
ducted, 4-chlorophenyl sulfone and Na,S - 9H,0
were directly dissolved in NMP and then reacted.

For the copolymerization of PPS and PPSS, Na,
S + 9H,0-NMP solution was dehydrated first and
the mixture solution of p-dichlorobenzene and 4-
chlorophenyl sulfone in NMP was added to the
bomb type reactor, and reaction mixture was then
reacted at 250C. For the coupling type copolyme-
rization, polymerization reaction was conducted in
two stage. In the first stage, Na,S « 9H,0(5 to 20
mole % excess) and p-dichlorobenzene was poly-
merized at 220C for 3 hours by the same way as
the PPS homopolymerization. The reactor cap was
opened and a small amount of NaOH and 4-chlo-
rophenyl sulfone (5 to 20 mole %) was added and
the reaction mixture was reacted at a given tem-
perature for 3 hours.

After the polymerization reaction, reaction mix-
ture was poured into 5 times amount of acetone.
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The precipitate was filtered and washed with wa-
ter at 80C under stirring for 3 hours. After ano-
ther wash with water and final wash with acetone,
the polymer was dried in vacuo at 60C for 6 hours,
and then conversion was determined.

Characterization

The viscosity of PPS homopolymer and copoly-
mer was measured with Ostwald viscometer in 1-
chloronaphthalene solvent at 2087C. Intrinsic visco-
sity was calculated by single point relative visco-
sity method, equation (1) proposed by Solomon
and Ciuta.!!

[n=(1/C) \/2(n-inmy) 1

Viscosity average molecular weight of PPS was
calculated from the Mark-Houwink-Sakurada
equation (2) using K and a values reported by
Stacy."?

(n1=K M;? 2
K=891X10% a=0.747

IR spectra were obtained from Midac FT-IR
spectrophotometer and thermal property was che-
cked with Du Pont 2000 thermal analyzer.

RESULTS and DISCUSSION

Homopolymerization of PPS and PPSS

From the previous research on PPS™ the opti-
mum reaction condition (Na,S - 9H,0/p-dichloro-
benzene ratio of 1. 1, 250 reaction temperature,
about 4 hour reaction time, and complete dehydra-
tion of Na,S - 9H,0 crystal water) was used to sy-
nthesize PPS. The synthesis of poly(p-phenylene
sulfide/sulfone), PPSS, from Na,S - 9H,0 and p-
chlorophenyl sulfone(CPS) required quite diffe-
rent reaction conditions from those of PPS. The
effect of reaction temperature on PPSS synthesis
is shown in Table 1. The optimum polymerization
temperature of 200C for PPSS is about 50C lower
than that of PPS.

In Table 2 is shown the effect of added amount
of water in the NMP reaction medium on the poly-
merization of PPSS. The highest yield of PPSS was

Z2|H A16F 63 19923 114

Table 1. The Effect of Reaction Temperature on PPSS
Synthesis

Sample No. AS-4 AS5 AS-3 AS-6 AS-7
Reaction
temp.(T) 160 180 200 220 240
Polymer

conv.(%) 404 604 644 527 493
Reaction condition : Water(contains only Na,S - 9H,0
crystal water), Monomer conc.(0.125mole/l), NaOH
(none), Reaction time(4hr.)

obtained with 150% excess of water added into
NMP solvent in addition to Na,5 - 9H,O crystal
water(sample AS-23) with sodium sulfide and CPS
mole ratio of 1 : 1 and reaction temperature at 200
€. In the polymerization of PPS™ the complete
dehydration of sodium sulfide crystal water was
required in order to have high conversion to poly-
mer. From Table 2 it is noted that complete remo-
val of sodium sulfide crystal water could not give
any conversion to PPSS polymer.

This may be due to the drastic difference of
reactivity of DCB and CPS substrate toward thio-
late anion. According to Fahey and Ash, PPS is sy-
nthesized by the stepwise aromatic nucleophilic
substitution reactions. Since reactivity of CPS mo-
nomer toward the sodium thiolate anion of gro-
wing oligomer is much higher than that of DCB
toward it, the presence of water may not interfere
with polycondensation reactions in case of PPSS
simply changing the solvent property of the reac-
tion medium. In case of PPS for which the reacti-
vity of DCB is low and reaction temperature is
high, the presence of water may lead to undesira-
ble side reactions to a higher degree than PPSS,
which results in the disturbance of the stoichiome-
tric balance of monomers required in the polycon-
densation reactions.

Copolymerization of PPS and PPSS

Assuming the low molecular weight of virgin
PPS polymer may be due to premature precipita-
tion of stiff PPS chains in the reaction medium,
copolymerization of a minor amount of p-chloro-
phenyl sulfone(CPS) in addition to DCB with so-
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Table 2. The Effect of Water Content in the NMP Reaction Medium on the PPSS Polymerization

Sample No. AS-12 AS-13 AS-14  AS-8 AS-15 AS-16  AS-23  AS-28 AS-29
Water content
(g/200 g NMP) 0 41 6.2 82 12.3 16.4 20.5 246 410
(x as Na,S - xH0) 0 45 6.8 9.0 135 18.0 225 27.0 45.0
Polymer conv.
(%) 0 0 5.0 72.8 80.9 80.3 86.2 741 75.9
Viscosity(n,)
(NMP, 30TC) - - - 1.55 1.64 1.68 1.80 1.58 157

Reaction condition : Reaction temp.(200C), Reaction time(4hr.), CPS/Na,S=1/1, Monomer conc.(0.25 mole/l)

Table 3. Copolymerization of CPS & p-DCB with Na,
S

Sample rrr:;ilg conversion n My
No. (CPS/DCB) (%) r (X10%)
PSC-4 0/100 63.70 1.25 5.75
PSC-6 5/95 64.82 121 4.66
PSC-5 10/90 48.02 1.16 3.32
PSC-8 20/80 20.65 111 2.10
PSC-9 30/70 544 — -

Reaction condition : Dehydration of Na,S - 9H,O con-
ducted, 1st step(2207T, 3hr.), 2nd step(250C, 3hr.),
Monomer conc.(0.5 mole/1 NMP)

dium sulfide was investigated in two ways. The fi-
rst one was direct copolymerization of PPS and
PPSS for which reacion conditions are shown in
Table 3. The copolymerization was run with the
complete dehydration of sodium sulfide crystal
water, since CPS was used as minor comonomer
compared to DCB. The polymerization was condu-
cted in two stages at reaction temperature of 220
and 250% in order to take account of the different
reaction temperature of PPSS and PPS. The resu-
Its were both the very low conversion to polymer
and low viscosity of the resulting polymer with the
increasing amount of CPS.

Since direct copolymerization did not give high
polymer yield, another method i. e. coupling type
reaction was studied. In this method the complete
dehydration of sodium sulfide was employed and
polymerization was run in two stages. In the first
stage, 5, 10, 15% excess of sodium sulfide was
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reacted with DCB at 220C for 3 hours and then
5, 10, 15% of CPS was added and finally the mix-
ture was reacted at 220 for another 3 hours. This
was done assuming highly reactive CPS could cou-
ple the preformed polymer chains ‘as shown in eq.

3
?
2Oy s{OysNa"+ cn@—&@-cn =
0
0
It
~-@S@S@‘E@‘S‘@S@~

NMP

3

The result of coupling type reaction is shown in
Table 4. The polymer by coupling method gave hi-
gher yield and viscosity compared to direct copol-
ymerization method. The IR spectra of direct and
coupling type copolymerization product are shown
in Fig. 1. The polymer by coupling method exhibited
sulfone streching peaks at 1,324 and 1,158cm’,
but the direct copolymerization did not.

Effect of Phase Transfer Catalyst on PPS

In the previous paper’ it was reported that li-
thium acetate as additive in NMP solvent impro-
ved the molecular weight of PPS. Since polymeri-
zation of PPS involves nucleophilic attack of so-
dium thiolate anions, the effect of adding crown
ethers on PPS polymerization were studied. The
crown ethers used were 15-crown-5, 18-crown-6,
dicyclohexano 18-crown-6, and dibenzo 18-crown-6.
Polymerization data are shown in Table 5. The po-
lymerization reactions were conducted at three di-
fferent temperature of 210, 230 and 250C. The
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Table 4. PPS Polymerization by Two-Stage Coupling
Method

Table 5. The Effect of Phase Transfer Catalyst(PTC)
on the PPS Polymerization

S I 2nd st. excess
ampleé  mole ratio

conversion - Mv
No.  «cpspcp) (%)

(X109

PSC-4 0.000/0.1 63.70 1.25 5.75
PSC-7 0.005/0.1 70.74 1.30 7.37
PSC-10  0.010/0.1 63.74 124 5.57
PSC-11  0.015/0.1 57.01 1.23 5.31

Reaction condition : Dehydration of Na,S - 9H,0 was
conducted, 1st step(220T, 3hr.), 2nd step(220C, 3
hr.), Monomer conc.(0.5 mole/l)

(a)

/] i 1

1
1400 1200 1000
Wavenumber (cm™)

b

(b)
1324 1158cm™

—80,~ streching

1
1200 1000
Wavenumber(cm™)

A
1400

Fig. 1. IR spectra of PPS/PPSS copolymer samples of
(a) direct copolymerization.and (b) coupling type co-

polymerization.

molecular weight and conversion of PPS were hi-
gher at 230C compared to 210 or 250C. This may
be due to better chelating efficiency of crown
ethers at 230C than high temperature of 250T. At

£2|H Al16A A6x 19923 11¥

Temp. Time Conv. Mv
PTC © () (%) " (X109
210 6 690 136 9.13
15-Crown-5 230 6 737 141 10.69
250 6 696 131 761
210 6 667 133 822
18-Crown-6 230 6 759 141 10.69
250 6 79.2 133 8.22
Dicyclohexano 210 6 687 134 852
18-Crown-6 230 6 756 137 945
250 6 776 135 882
Dibenzo 210 6 693 127 6.41
18-Crown-6 230 6 743 134 852
250 6 709 129 7.01
20t
18f
e
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; o
;: 141 nu} ° A
Y
12} c
10 L L -

0 20 40 60 80 100
Conversion( % )

Fig. 2. Relative viscosity of PPS samples as a function

of conversion with different additives . A : Sodium

Sulfide+DCB+None, O ; Sodium Sulfide + DCB+
LiAc, [ Sodium Sulfide + DCB+ 15-Crown-5.

210C the conversion and thus molecular weight of
PPS became low since the optimum temperature
of PPS polymerization was about 250C. It was also
noted that 15-crown-5 and 18-crown-6 are better
than dibenzo or dicyclohexano 18-crown-6, sugges-
ting the steric hindrance of the latter compounds.

The relative effectiveness of lithium acetate(ad-
ded the same mole as sodium sulfide) and crown

691



Lee Soon Park, Gi Heon Kim, Soo Chang Lee, Sang Kyoo Han, and 1l Hoon Cha

1245
(a) l
g» & 84.1C
g
.- g
248
|
2816C
40 120 200 280
Temperature(C)
w!
38
Z
E .§ 178.08C
B &
x
|

0 50 100 150 200 250 300
Temperature(C)

~
(x]
A

Exo —

21487C

Heat flow(W/g)
— Endo

0 50 100 150 200 250 300

Temperature(C)

Fig. 3. DSC thermograms of (a) PPS sample, (b)

PPSS sample, and (c) PPSS sample after heat curing.
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ether(added 1/50 mole of sodium sulfide) were
compared in Fig. 2. From Fig. 2 crown ethers did
improve the molecular weight of PPS compared to
uncatalyzed PPS, but their effect was not so great
as that of lithium acetate.

Thermal Properties of PPS and PPSS

The thermal properties of PPS and PPSS were
compared in Fig. 3. PPS showed both T,(ca. 84T)
and T, (ca. 282C), but PPSS exhibited only T, at
178C. The heat curing of PPSS for 30 min. at 235
€ improved the thermal stability as evidenced by
increased T, at 215C. This kind of behavior was
similar to that of known thermal crosslinking of
PPS.
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