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& ¢ ! Sodium sulfide nonahydrate (SS)& p-dichlorobenzene (DCB)3} F%A1A poly(p-
phenylene sulfide), PPSE 2] 31 4-chlorophenylsulfone (CPS) =+ 4,4 -dichlorobenzo-
phenone (DCBP) &} 3A)# poly(p-phenylene sulfide sulfone), PPSS 2 poly(p-phenylene
sulfide ketone), PPSKE Z}Z} §H4dstn 2%, A &), 38AW 29 &% Sol 84
B9 & 2 EXAF vixe 3T vim AR olg Y EAe 1-
chloronaphthaleneg o] A2 12(210C) GPCE Algsle] A3, 48 4@ DSC
2 TGAZ ZARINGL Az FTLE 9lejde PPS7F 250TalM H1z 88 H3 8y,
PPSS 2 PPSK& 200ColA Ah +&& Jepldoh @&kd Bvjo] glejA= [SS]/[DCBI9
87} 0.75/1~1.25/12 #HeldT 83% o149 ¥ #8& uehd PPS9 Feoe 24,
PPSK(53] PPSS)&= ofg 17sHA 4&c] WHalgnt. £ H7MHEA & ggo] Hddd] me}
PPS 9 PPSK& ZAl £&°) #ahA] @uA PPSSE [H0]/[85]=4.5/1 ol M 584
7b Qoiz)2] ko 13.5/1004 Hi ExRFE Beth. DSC E84ogRe PPSK(T,,=344
C)& PPS(T,=2797C)% vk 2 244 ngatelgla PPSS(T,=201C)& #4¥ 124
Tt

Abstract . Poly(p-phenylene sulfide), PPS and related polymers such as poly(p-phenylene
sulfide sulfone), PPSS and poly(p-phenylene sulfide ketone), PPSK were prepared from sodi-
um sulfide (SS) and three different comonomers p-dichlorobenzene (DCB), 4-
chlorophenylsulfone (CPS), and 4,4  -dichlorobenzophenone (DCBP), respectively, employing
N-methyl pyrrolidinone (NMP) as solvent under high temperature (250~290°C) and pres-
sure (120~180 psi). The molecular weight of polymers were determined by high tempera-
ture (210°C) GPC with 1-chloronaphthalene as eluent against polystyrene standards. The
thermal transition temperatures and thermal stability of polymers, were studied by DSC and
TGA. PPS showed maximum yield at 250°C of reaction temperature, whereas PPSS and
PPSK which have electron-withdrawing groups gave maximum yield at 200°C. As for the
stoichiometry of comonomers, PPS exhibited highest yield of 83% in the range of [SS]/
[DCB]=0.75/1~1.25/1. The yield of PPSK and especially PPSS5 were highly sensitive to
stoichiometric ratio of [SS]/[DCBP] and [SS]/[CPS] decreased sharply. As for the content
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of water as additive in the reaction mixture, PPS and PPSK showed maximum yield at [H,
01/[Naz;S]=9/1. PPSS could not be obtained under [H,01/[Na;S]=4.5/1, but the maxi-
mum yield was shown at [H,O0]/[Na;S]=13.5/1. From the DSC study, PPS and PPSK were
crystalline materials with 7,,=279 and 7,,=344°C, respectively. PPSS was amorphous mate-

rial with only 7}, being detected at 210°C.

Kevwords . poly( p-phenylene sulfide), poly(arylene sulfide)s, reaction conditions, thermal prop-

erties.
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Al ¢F, B 23 o] AFLE sodium sulfide nona-
hydrate (NayS-9H;0)$} p-dichlorobenzene-2
Aldrich Chemical Co.9) Ale¥gg, 8|1 PPS
FEAE FAJol AFEFE  4-chlorophenyl sul-
fone (Aldrich Chemical Co.) @ 4,4"-dichloro-
benzophenone (Tokyo Kasei Organic Chemicals)
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AFg8ke] FT-IR (Midac AN & B4 mo)as
o #olatin}. PPSe] A9 1,460 cm-19h 1,560
emlo] A C=C stretching vibration To]3
820 cm1eA] C-H bending vibration 3jo]=7}
UElgth. PPSSE PPSel IR Asjed®l wmat
o] -S0,- stretching vibrationol] <3+ 73 &4
go]arzt 1,324 cm™! 2 1,158 em o A] 3EEY
o, PPSKE 1,651 cm o4} -CO-2] stretch-
ing Fo|ZRHH FHAE AA3A
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Poly(p-phenylene sulfide), PPS : 3062(vc.n),
1560, 1460(v c=c), 820(S c-n)
Poly(p-phenylene sulfide sulfone), PPSS : 3071
(ven), 1572, 1470(ve=c), 1324, 1158(v.s0,.),
816(8c.n)
Poly(p-phenylene sulfide ether), PPSE : 3062
(ven), 1562, 1461(vc=c), 1280(vc=0), 816(&cn)

FHAE 3H19) Exlgke Shodex GPC column
(AT-80M/$)Z UV #2717t 318 ne gel
permeation chromatograph (Senshu Scientific
Co. Ltd., SSC VHT-7000)& AF&ste] ZA3IR
ot #AY 2% 210C, % 1.0mL/ming 73}
oAl o] =Aro & 1-chloronaphthalened A}&-3ls
Mg oy ZYAER FFEAISE AMEEH
F F4E @At
g AYE FRA Y dvME st DSC
(DuPont 2000 thermal analyzer)Z& A}23}$3t}.
DSC &40l lolA gol&d S AAs7) et T,
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20°C/min&2 7}g (Ist run)dle 187 S& A7
3 T AFALZ FYAFIR tHA] 20C/minE
&2 (2nd run)sle] @FHE SUvk. 281 2nd
runoflA4 20°C/min®E Yzsted T (melt crystal-
lization temperature)& ¥¢itl. DSC £4o) Q1
oA Algel 488 W3l (4G9 Bile] dojuts

2% E T(glass transition temperature) 2 A3}

o Ae
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Fig. 1. Effect of reaction temperature on the yield
of PPS, PPSS, and PPSK.

Polymer{(Korea) Vol. 19, No. 6, November 1995



PPS¢} Poly(arylene sulfide)s®]

¢} PPSK & tf 200C H-2el4 +&9 FHE
RBoj= A& o}, PPSS7 PPSKEL}F 4=80¢]
AR og e AL Hol z=odl= H7HZA
E9 Jggolx Bxo] PPSSS 79 vE&AW 3
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H)2} =820 WEE Fig. 20 ZAISIRTH Z2el
"2, FZoE F HFF e 4¢ T8
= O gekule] of - RIZFSHA et 22y
Fig. 20141 B50] PPS9 7Z$ wWakH]E 0.754
A 1.252 HSAAT 83% oo &2
vebligled, PPS 38 vhee 54& ARl
4 Qlckis @W PPSSel AeE [SSY/
[CPS] &u8]7} 0.75/1 2 1.25/1¢1 7% 1.0/1.0
R} $go] ¥ o4 ZAshd 0.5/1 2 1.5/1
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el 1.75x 103 Lmollsiog oF 3] H&
zol& Jenfgitt. PPSS #§wbgo] PPSETH
chefd] Sdlol] 7Rk e A3 AHAYA &
719} o] AujHel g, GEAe}t 1 5
AE7t 9gA o7t AiH R v He A

o -

TAZE ok AAEHA
=]

sodium benzenethiolate &

"ok PPSKe glojxie AlE 22719 A
o] Zro Fong FIWEY [SSI/[DCBP]
TR Bulol tht J ol PPSe} PPSSe &7

Folof A198 A6z 19959 11¥

FENe 34

peh
4
i)
oX
028

o

100

Yield (%)

0
04 06 08 1.0 12 14 16
Mole Ratio ; [SS}/[DCB], [SS}/(CPS], [SS}/[DCBP]

Fig. 2. Effect of monomer mole ratio on the yield of
PPS( ), PPSS(v), and PPSK(e).
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Fig. 3. Effect of water as additive on the yield of
PPS(:+), PPSS(v), and PPSK(e).
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7H2A g9 ko]l [Hy0l/[SS]=4.5/1 ©)3}
dMe FEAZE Foix)x] gtony [H01/[SS]
=7/1%E 439 PPSS7I dojz]7] A)zksie]
[H:0])/[SS]=13.5/1cll4= 58] 81% =2 Huj
2 il e 1 oldelAs 8ol AsHE
th. of7]ol Al PPSS9] Z 229 ggdo] [Hy0)/
[SS]=4.5/1 olsteM= FHA7E LolxA] gbe=
AL 2 (4)elA] X=sulfoneq! 3¢ Azl g7io]
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F Aot 28y 29 o] [H01/[SS]=9:1 H
=2 7MY ihE &uiAl9] S4g0] Fvkse] A
Q) thiolate anion®] Na* counter ©]-&¢] sol-
vent separated AEjol =Edled A ukgAjo]
T7tE 22 PPSSe| +80] F43] F7ise Ao
2 sjM% 4 gith. @@ PPS, PPSS, PPSKe)
T oA HIAZA 2] ¥ HF 218
o @ol YoiE A$E vluwsted 29, PPSe}
PPSKE [Hz01/[SS]=9/1 o)Al &l
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Fig. 4. Effect of water content on M, of PPS(c)
and PPSS(¥).
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e HIHEAM B9 A g Z+zk [H0l/
[SS]=9/1 2 13.5/1% et} PPSSe) AL
Fig. 394 [H,0]/[SS]=13.5/1014 22.5/17=]
TH TEL 80% oIS AXBAT FA Bat
FE Fig. 4094 [H,0]/[SS]=13.5/1014 4
AE Bolil I olidAME dX3) ZaHY=
7| M E st PPSS Al&o] #do| Rxjek

g w3s Adow AgUDT AU
PPSK®] 49& 3848 2HEY 22540

22 1-chloronaphthalene  £uho]]l 210CoIAM=E
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Table 1. Yield and GPC Moleculer Weight Data
of CPS/DCB/Na,S Copolymerization Samples?

Feed Mole Ratio  Yield M,

Sample No. (CPS/CDB) (%) (x10°) M,/ M,
PPS-4* 0/100 83.6 5.6 3.2
PSC-6 5/95 64.8 3.7 3.0
PSC-5 10/90 48.0 2.6 2.8
PSC-8 20/80 20.7 1.9 3.3
PSC-9 30/70 5.4 — -

® PPS-4 sample is a PPS homopolymer.

2 Reaction condition : reaction temp. {250°C), reaction time (4hr),
monomer conc. (0.5 mole/L. NMP), dehydra-
tion of NayS.9H;0 to 1.5 Hy0/Na,S level was

conducted.

Table 2. DSC and TGA Thermal Data of PPS,
PPSS, and PPSK

'Poly 7; T:c dHtc Y;nc AHmc Tm AHf
psc mers_ (€ () (J/g) (C) (J/g) (C) (V)
'PPS 740 1117 242 249.1 584 2794 664

Dal2 ippss go13 - - - - - -
IPPSK - - — 3224 5741 3444 529
: Degradatlon Maxunum % of Residue
Polymers  Starting Temp. Degradation at 985

A (¢) _temp(C) T

Data: PPS 4935 560.9 30.7
PPSS 496.1 567.8 35.2
PPSK 521.3 582.9 55.1

{CPS]/[DCB] @&k v]E 5/959014 30/707+%]
CPS BaAlE Z7hAdel met +& % Brgol
:L_=_3] 71-)\%]—_04 H ’“ Al]:], 0]74% %EJ] E‘@-
3} CPS thekx)| o] thiolate anionol T3t ¥Hg-AJo]
DCB D}"’*Xﬂi‘:} 1050] 4 27) W &el!! DCB
cekd| o) 53 whgoile] Fovt A g7 ol
t}. [CPS]/[DCB]=5/95 2 10/90 T 24
& FZUF AZE(PSC-6 2 PSC-5)¢] DSC
A M4 (Fig. 5)2 B PSC-69] 739 PPS9 &
A T= 75°C Bold B R TS 266

ColA BRIt PSC-59) A Tt 75C ¥
170C #2204 70 B T,=257CE oF

7 Watsiich. mebd PPS-PPSSE 238
BA FUeEAZE CPSe o] golx|H 73
A BT s A EFE M T

F2of A19W A6z 1995 11¢Y
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< Endo
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Fig. 5. DSC thermogram of CPS/DCB/sodium sul-
fide : (a) PSC-5 sample([CPS]/[DCB]=10/90)
and (b) PSC-6 sample([CPS]/[CDB]=5/95).
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PPS, PPSS, PPSK F##M9 <43 43A.
PPS, PPSS ¥ PPSK ©@& 34 59 €3 4
AS DSC 2 TGAZ ZAEIY o 1 ANE
Table 2¢] YERAT. PPS9} PPSKE 1A%
Aoz T,ol 242} 279.4°C L 344.4°ColA &
ZEAth. PPSKe] H$ Akg B3Rl A T, %
T.7b 20°C/min®) 55 AgolA FFHZF
gttt PPSSe BAY o= A 201.3TColA T
Tho] JAHUH.

PPSe] A$ B3l AR2zd AU 2lEEE
Yehl= % = Z+z} 494°Cet 561°CQ) whH
PPSK%& ce} 583 CE uehdth. a#E=

PPSK& PPSEU:} 23 JPAL A3 2o
o, 985 ColAY ANFHE 55% 24 PPSe 31
% R} =A JeRgtl, 28)3 PPSSE 496°Cel
A Bzt AlEEe] 568°ColA] AU BIESEE
UehNI 1 985°Col A AFRHFE 35% 2A PPS
o frARE @ QRS JrERNSITH
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