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2 2 ! p-Dichlorobenzene(DCB), p-dibromobenzene(DBB), p-diiodobenzene(DIB) 2 4-chloropheny! sulfone(CPS)S F9#A 2, 282 N-methyl-
2-pyrrolidinone(NMP)& &2 A48t 12 1t3lol A poly(phenylene sulfide-co-phenylene sulfide sulfone), PPS/PPSS 34 & #§4sn 33
g us 54T 348 TFEAEA 72 € RN s 2AEs Tk PPS/PPSS FF#Alel &2 [DBBV/ICPS] 2 [DIBVICPS] &9h#A) 2%
o] 7% [DCBVICPS] 39#4 2grc ¥& 229 190TAA Az £8& Yehhdes [DCBY/ICPS] F2#A 23] 74$e ojurt & 2549
20Tl Az F&& Jedlo] leaving group®l I>Br>Cle £M2 FFE 3ol 2 AgHYen ojRAozRy £2F 98 nucleophilic
aromatic substitution(SNAr) 717l A#&E ¢ 4 ATk [DBBVICPS] ©#A F8u19 94 [DBB/ICPS] 3¢ %A 2¥FoA CPSY B3|
7F 10mol% ¥ = AR PPS/PPSS FF A 2A#FL 8330g/molz 7% A vebdth CPS @2ale F3u7F 30mol% o34 24 HAdEE
PPS/PPSS 5 &A= Tang YeRA] &otou CPSY 254171 10mol%t] PPS/PPSS 584 A8 A$ T,&= o 15C Z27H892 T2 & 15C
st 3 Hdo] FAEHE AL B £ YUk = FH 52 240C2 nHsT [DBBY/ICPS])Y TFHE B/S5mol%E 3t dojx PPS/PPSS
TFERAE PPS B©5F FEARD ExFo] EA dE PPS ©5 FHAY 12YAH 2 HILAL FATA PPS OE A 2R Ul 2=
g AL F e PR o4 £ gz WAHYY.

Abstract : Poly(phenylene sulfide-co-phenylene sulfide sulfone), PPS/PPSS copolymers were synthesized from p-dichlobenzene(DCB), p-dibromo-
benzene(DBB), p-diiodobenzene(DIB), 4-chlorophenyl sulfone(CPS) and sodium sulfide as comonomers under high temperature and pressure utilizing
N-methyl-2-pyrrolidinone(NMP) as solvent. The yield of PPS/PPSS copolymer showed maximum at 190°C with [DBBY{CPS] and [DIB)/CPS]
comonomer pair, while [DCBYICPS) pair exhibited maximum yield at 230C. The change of yield is in the order of 1> Br > Cl as leaving groups were
in accordance with nucleophilic aromatic substitution reaction mechanism suggested for the synthesis of PPS type polymers. The molecular weight of
PPS/PPSS copolymer was the highest(M,. = 8330 g/mol) with [DBBY/ICPS] comonomers in which [CPS] was 10 mole%. The PPS/PPSS copolymer made
with 10 mole% of [CPS] showed about 157 higher T, and 15C lower T than those of PPS homopolymer, which may be useful from the processing
and thermal property point of view. The PPS/PPSS copolymer with 30 mole% of CPS or above did not exhibit T The PPS/PPSS copolymer obtained
with comonomer feed ratio of [DBBI/ICPS] = 95/5 mole% under 240°C showed even higher molecular weight(Ms = 10,300 g/mole) than PPS homopolymer
made under similar reaction condition, retaining high crystallinity and thermal stability.

1.4 2 ZE7} kg 2ol ek wekd PPSE 28 ¥ virgin PPS
AE SHRT 3T W2 RN FU(AR) EAslA 1E F
Poly(p-phenylene sulfide) (PPS) 4= 444 2 71A% 4 S 3AE AAN ABASE olgAY feAdRZ AHAA
Aol Hojur| 58 WokEAL 2 A7) 43 (ULH V-009 A A8 ITH10~13].
AL M3 Qorg Ayl ARRLE A5 5 E4dAUoly FZo& PPS® oyl poly(phenylene sulfide sulfone) (PPSS),
Zejrge 452 AMEHT QoH1~3] PPSe §Alol oajx= - poly(phenylene sulfide ketone) (PPSK), poly(biphenylene sulfide)
2 712 W So] E8le] HuH YA N-methyl-2-pyrrolidinone (PBS) % poly(phenylene sulfide ether) (PPSE) 5 poly(arylene
& 892 83 p-dichlorobenzened} sodium sulfide® 1-&(260~ sulfide)sehe gyioz Ba9E PPS #AEEAY @4 =
200C A%), 2 stolA wgAA PPSE A% Phillips Petroleum ol89 FFPA B ATEE B1 =1 gtk ol FoN
A} ol A FPHoE A4ST QItHa~9) 28 of W T olv] 4ds AAH14~18].
Wol o8] AAHE virgin PPS 2= Exp2o] thg drtaA £ AFME p-dichlorobenzene(DCB), p-dibromobenzene(DBB),
2BASH v@H oS Pl 1EA SGHEN) B3 7|AH p-diiodobenzene(DIB) 2 4-chloropheny! sulfone(CPS)& A}-&-3}ad
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Scheme 1. Synthesis of PPS/PPSS copolymer

Phillips PetroleumAte] F&4 S poly(phenylene sulfide-co-
phenylene sulfide sulfone), PPS/PPSS 3% &A1& #A43tz 3%
g ure EA A" FEEAEY T2 2 dHAF diE =

ArstAT.
2.4

2.1, A Y Wz

Ao ALgE sodium sulfide trihydrate(NagsS - 3H008F p-
ichlorobenzene(DCB)& SK #AWZH{F)NAM AF¢E AL 1y
AH&39 28 p-dibromobenzene(DBB)=}  p-diiodobenzene(DIB)-<
Aldrich ChemicalAte] A1%F2, 4-chlorophenyl sulfone(CPS)&
TCIAHY . A FF& AHgssdh 33 8ol A83 N-methyl-
-pyrrolidinoneNMP)& SK # " Z(F)lA AMFL¢LE A& Cale
ZAQsAM 28 FF3A ALSSHT ARE FHAY A £ g
Fo A}4¥ methanol# acetone> GALEFA(F)] ALGFE
AA glol Abgstdn ¥AHE<¢l NaCl, NaBr 2 Nalo] Al&e] A}
48 B2 SHFE AL

2.2 338 82

B(Z& DBB, DIB), CPS 3944 E sodium sulfide} &% 33}
& poly(phenylene sulfide-co-phenylene sulfide sulfone), PPS/
PSS FF8AE A3 #4 & scheme 19 Yehligich 5%
HHS-2 J|A A Fukr|7t FAHT 2% 4 48 XA B2
43 600ml¢l ParrAl 2%t 9H87]1(Model 4843)8 ol &3t 3
HAch

PPS/PPSS E5&A9 #4& 2 74 ¥hg #FEe FAld
9E3oz gZ WFES 1AL # S dg gIds X
Abg gevt gk meld d Y 5o AFdE EdE PPY/
PPSS &F&dl YoM ¢4 NaS/ADCB+CPS) [E¥E NaS/
(DBB +CPS) %=+ NaS/(DIB + CPS)]F 9 & BH+= 1:1, 28
I AA GFEA FEE 1mol/L NMPE #X&HeH, A7
HeA e E9 e NaS 1mol tHH 9mol, NaOHY 3eke
NaS 1mol tiu] 0.03molZ A3}Ach

ARz FE2EE WIA7E w&e [DCBVICPS] (&
(DBBJ/ICPS], =& [DIBYICPS) F9#A FF4¥E 70/30 mol%
2 1AL TP LEE 180~240T2 ¥HAAY. FEHHL
Ar gas ¥917] oA NMP &5 100mlE wH-g7]o] ¥ NaS
- 3H:0 13.21 g(0.1 mol), [DCBYICPS] (%% [DBBVICPS], T+
[DIBVICPS)) &2@ZA(3A 0.1mol), B7HAZ HO 1081g (06
mol) ¥ NaOH 0.12g(0.003 moD)& &AhE uhg-7le] F4latdh
3718 23 ¥e7] RS Ar gasZ 33 X#AZ O 147
of Z2x wEEA FA FE 2TA A7 o] 2%
A 100mpme £E2 kg A&SEA 5AZF Fo uheE T
5 WA [DBBVICPS] @A F3vle H&E 2A Ase

Uy g

ke 2794 FELES 19T 23% + [DBBY
[DCBP] @349 39S 90/10~10/0mol%S] EH 2 837
HA 2 wee F¥sgn. A X2 PPS/PPSS 35 A
TREASHE 9T BN FHEEE 240TE 2AFT YrA
e zAEL 99 FYsA @& F [DBBVICPS] I9AG
[DBBVICPS] 3etekAl o) F34]& BH/06~60/40 mol%2 ¥ SHAI AT

3% Bg3 2L vlolAd LEE Fol 1 uherlY 4
BAA 443 9714 e FWAZ o HEES 88 1L
ek Ro] FPAE AR FAE FFEAE AAs)o
3548 g A 1LY Heed 109 $74+ 2 1LY acetone
o A2 w2 AHsgoh uE A o) FAR FFEAE
100Ce AF AR7|oAM 24X ol Azxs £& FH 1 &

Aol A-gstATh

9% 592 ¥
9

9
<]

2.3. HHel 24 5

Z%A9) BA%e Shodex GPC column (AT-80M/S)z UV
detector’t #2%¥  1& gel permeation chromatograph(Senshu
Scientific Co. Ltd, SSC VHT-70000& ol&3lo ZAHYTH
Eluent2% 1-chloronaphthalene® AH&-3lx column &% 2107,
flow rate 1.0 mL/ming} ZZAA 48 gor calibrationdl =
Zg2Eld EF ANSE ol&d%d. =3 Mark-Houwink-
Sakurada 29 A44z7® @ 2aEs 93 9= poly(phenylene
sulfide) A& (Tohpren®, M =24100, M/M,=526)& AHgste]
A% AL BASG

Aol @842 DSC(DuPont 2000 thermal analyzer)& AHE-
ste} Fgstgch DSC 249 loid F@4 Alz9 Folds Al
A7) Y8t FA(TWET 30T ¥ 25702 20C/ming 71g
(Ist un)3le 183 52 Ad § A4 A4L2 FPA71 oA
20C/minZ %-&(2nd run)ste thermograms LAtk 28T 2nd
runlA 20C/minE B2t Trlmelt crystallization tempera-
ture)® BTk DSC 4o Qlojq Alge] g4%F WsHAC,)S
Hulo] dojue LEE F7 Aol 2E(TYE AstAx 2A3}
delast &§ dHol29 FuFdMY LEE T.% TnlZE 3%
1 3jo|29 AL 7z AH S AHo 2 3k

,0

I:)_;'élv

3. 23
3.1. 38 2%9 9%

PPS9 %3 932 NMP &9 594 thiolate aniono] 24
%8 aromatic ringS ¥F2Z 3= aromatic nucleophilic substitution
(SxAnergoz Agdcin A AH19]). o] ¥H§-2 activation
energy’t ¥ FEWSolnE FE uhSo] xR S AA
wow ofd Z2x oAz FY ghgol AR A drt o
Zt4] PPS/PPSS 58l oA =] Jag 28] 4
o] NMP £ ol @34 A4 9] $=& 1mol/L, NaS/ (DCB
+CPS) ®& NaS/(DBB + CPS) mole® € 1/1, [DCBY/ICPS] (&
[DBBJ/ICPS], =& [DIB/ICPS)) mole¥|& 70/30 mol%, H7H42
9 #3FE& NaS 1mol th¥] 9mol, NaOH ##3F& NaS 1mol
tH] 0.03molZ TAHEIL FF 25 180~240T WA w3l
A7NEA FFEE FPsid

A’d€ PPS/PPSS FFHAEY & L £x3 wslE Table
1 2 Fig. 1, 29] Yehldch Table 1914 [DCBYICPS] &34
Z¥o2 X AAH PPS/PPSS FFEASL & % B o]
W @A velton £8L 230CHAM JTA(B3%)E, FAF
< 210CA H:x)(2590 ¢/mol)E HERNATE 22z [DBBY
[CPS} @& =&& AMEE PPS/PPSS &3 A= 190TAA
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Table 1. Effect of Reaction Temperature on the Yield and Molec-
ular Weight of PPS/PPSS Copolymers

Monomer Reaction  Yield
Feed Ratio(mol%) Temp.(C) (%)
PPS/PPSS-1  DCB/CPS=70/30 210 79 2590 319
PPS/PPSS-2  DCB/CPS=70/30 220 182 2310 384
PPS/PPSS-3  DCB/CPS=70/30 230 233 1,300 328
PPS/PPSS-4  DCB/CPS=70/30 240 79 1000 24
PPS/PPSS-5  DBB/CPS=70/30 180 213 470 443
PPS/PPSS-6  DBB/CPS=70/30 190 708 6000 429
PPS/PPSS-7  DBB/CPS=70/30 200 598 4030 3%
PPS/PPSS-8  DBB/CPS=70/30 210 577 3430 378
PPS/PPSS-9  DBB/CPS=70/30 220 42 2190 317
PPS/PPSS-10  DBB/CPS=70/30 230 454 3140 292
PPS/PPSS-11  DBB/CPS=70/30 240 600 1240 303
PPS/PPSS-12  DIB/CPS=70/30 180 621 2840 370
PPS/PPSS-13  DIB/CPS=70/30 190 717 390 431
PPS/PPSS-14  DIB/CPS=70/30 200 422  25%0 343
PPS/PPSS-15  DIB/CPS=70/30 210 401 2470 371

Sample NO. M. MWD

Reaction Conditions : [DCB(or DCB, DIB) + CPS)/[Na,S] = 1/1
Monomer Conc. : 1 mol/L
{H,0)/[NasS] = 91
[NaOHV/[Na:S] = 0.03/1

100

90
IDIBY[CPS]
80 -} - n
04 /*‘Q
80 L} / ?\\ A

/ " [DBBJCPS]
504 / >Sa

Yield (%)

w0, . o
30 ¥ [DCBJICPS] 4
20

10

Y T T T T T
180 190 200 210 220 230 240

Temperature ("C)

Fig. 1. Change of yield of PPS/PPSS copolymer with reaction
temperature.

F&(708%) R 26,050 g/moDol H X g veon [DIBY
[CPS] &2 3A z¥ 9§ PPS/PPSS 5 PAE 190ToIA 5
B(77.7%) R £AFE0g/molel A& vepdch

Fig. 1914 PPS/PPSS TF&Ael +&& [DBBVICPS] 2
[DIBVICPS] 3234 2#& & 3¢ F& 252 10CAA
12 yehsted [DCBYICPS] 3934 289 A$E ot &
& 25 280CAAM Hx F&o] YEgTh E Fig. 2014 PPS/
PPSS &5 A9 A1 ¥£A%FL [DBBYICPS] 2 [DBVICPS] &

988, A 9d A 3 %, 198
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/ \\
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Fig. 2. Change of molecular weight of PPS/PPSS copolymer
with reaction temperature.

g 23S AHEE A 190THA 22 6,050 g/mol, ¥ 399
g/mol24 [DCBVICPS] F9&%A 2% ¥k 24 ekt oA
< [DCBVICPS] 34234 289 44 DCBY AxnerlE 713
CPS9 thiolate anionol w3 434 o]z} # SyAr ¥H3-717ol
o]g A3 polycondensation ¥Hgo] # olFo|x A ¢ Wy
o] DBB¢} DIBE DCBET £2 olgr|g 7IXx1 glemz CPS
¢}9] thiolate aniond]l T3 WA Fol7t Fo] E7] WEd ¥
& 2EAHE & 2 FEAY B Frlsle AoE 47

Sk

3.2. (DBB)/(CPS) cizkx Z2H|e| H¥
CPS ¥9%A9] mol HE 30mol%2E S
Ao PPS/PPSS FFHAE dHET F e
[DBBV/ICPS] Z%o°] sodium sulfides} whg-ale] Huo
RS YeEglenz o] A HEREE 2
&1 [DBBYICPS] 3934 3309 g disf AL &gt
Na;S/(DBB + CPS) @%A mol¥lE 1:1, ¢34 $%€ 1molL
NMP, #7H2A B9 %2 NaS 1mol el 9mol, NaOH &
Z& NaS 1mol tid] 003mol, 88 25 190T, W2 A&
Shr2 1Az [DBBYICPS] mold] S 10/90~90/107HA] ¥ 3}A)7)
B PPS/PPSS 35 wES 345k Table 2 2 Fig. 3ol
A PPS/PPSS ZF@Ale %2 CPS @3Ale FFu)7t 10
mol%Yd o 8330g/molE HzAE deuilen $£8& CPSY
FTEU7E S0mol%Al A AAE JeERdTh CPS @AY F3y
7F 10 mol%el 4l PPS/PPSS ¥% 849 £22o] homo-PPS9] £
A% 5ok & AL PPSY T4 sulfone”] S T3 CPS wHE
47t 235 wat NMP £ Well &=t F7hso) ARsl
© 223} A9 premature precipitation®] WA R ]38
Rog AZHAD 284 thiolate aniondll ™3] DBBx.T} ¥Hg-A
o] & CPSY FFH|7t 9 ol ZrlslA=w whg-Ae] & CPSyt
WA ggstn ¢ DBB ©#A|Sh thiolate #A47)9ke] ukgAle]
atol7k Abg Aol BAYl FuteAL NAH 232F we =
A& FEAINA 232 Y4B EARe FL3) A
o1 sAsgch
[DBBYVICPS] mol¥lE 10/90~90/1074A] ®3A)7| WA & PPS/
PPSS 238459 dd AFL DSCE =i sigen z#AFE

poR
)
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Table 2. Effect of Monomer Feed Ratio(DBB/CPS) on the Yield
and Molecular Weight of PPS/PPSS Copolymers

Table 3. Effect of Monomer Feed Ratio(DBB/CPS) on the Thermal
Properties of PPS/PPSS Copolymers

Sample Feed Ratio Yield

NO. (DBB/CPS mole %) (%) M MWD
Homo-PPS* 100/00 933 4,810 425
PPS/SS-16 90/10 722 8,330 6.11
PPS/SS-6 70/30 70.8 6,050 429
PPS/SS-17 50/50 465 4860 393
PPS/SS-18 30/70 685 4,330 4.00
PPS/SS-19 10/90 732 5,460 433
Homo-PPSS 00/100 872 4,390 307

Reaction Conditions : [DBB + CPS)/[Na;S] = 1/1
Monomer Conc. : 1 mol/L
{H:OVNasS] = 91
[NaOH)/[Na:S] = 0.03/1
Reaction Temp = 190TC
a ! Reaction Temp. = 210°C

Yield (%)

20 + I- 2000

0 T T T T o
0 20 40 80 80 100

CPS (mol%) in the Feed

Fig. 3. Change of yield and molecular weight of PPS/PPSS
copolymer with CPS(mol%) in the feed.

Table 3o YEMHRITE Table 3olA bulkystz 7Z& ZAe
sulfone7] & 7FAE PPSS G5 FRAE Tpol etz go} &
¥ TEAYE Ao T& 1938CTE =4 vehdoh
CPS9 &3417F 30mol% °l4oz F§d PPS/PPSS 284S
of 1o)X sulfone”1d] FFoZ T,ol BaAFA @} a8y
CPS €317} 10mole%Q! PPS/PPSS-16 Al A9 AHZRH
B AAGEE PPS 9% FEA dy) ok 11% Bide 2
o7k Aoy Tee o 15T 453t T2 ¢ 10T 2adly
7he R AHEA 93 Aol #A4HE AL ¥ 4 9l

3.3. PPS/PPSS 3&¥A|2 nExI2ts}

Phillips PetroleumAte] S8 o] 43l §A4H+: PPS ¢ #
AL FFA glold Fag Ao shud= PPSY nARA 2 Be
HWELE FASEA TEAZ PPSH ARS g whdo s
ot o1& $3lal= DCB X+ DBB U#iE F4Row 31
HE EEE Eo FENSE £9E dast U waq NMP
Sl Wel 9FA AAY FEE 1mol/L, NayS/ADCB + CPS) =
+ NaS/(DBB +CPS) molet| € 1/1, d7}Al2 29 322 NaS

S;"(’fle (DB};?;}SRIE‘;‘]’C 0 THO) Tl Tw(C) AH(/R)
Homo-PPS? 100/00 69.9 1005 2775 531
PPS/SS-16 90/10 B7 1329 2668 473
PPS/SS-6 70/30 1198 - - -°
PPS/SS-17 50/50 1526 - - -°
PPS/SS-18 30/70 1758 - - -°
PPS/SS-19 10/90 189.4 - - ="
Homo-PPSS 00/100 1938 - - -0

Reaction Conditions : [DBB + CPSV[Na:S] = 1/1
Monomer Conc. : 1 mol/L
[H,0V/[NasS) = 9/1
[NaOH)/INa:S] = 0.03/1
Reaction Temp = 190C
a ! Reaction Temp. = 210C
b : Not observed

Table 4. Effect of Monomer Feed Ratio on the Yield and Molec-
ular Weight of PPS/PPSS Copolymers

SE‘(‘)‘?IG Yidld M, MWD
Homo-PPS 84.3 3,980 415
PPS/SS-20 731 3910 409
PPS/SS-21 98 230 306
PPS/SS-22 282 140 219
PPS/SS-23 79 100 254
PPS/55-24 60/40 02 707 237

Feed Ratio

S:gle (DBR/CPS mole %) 104 Mv MWD
Homo-PPS 100/00 913 7480 431
PPS/SS-25 %/05 85 1030 128
PPS/SS-26 90/10 45 6710 673
PPS/SS-27 80/20 506 280 370
PPS/SS-28 70/30 %1 1240 303
PPS/55-29 60/40 175 140 286

1mol ?¥] 9mol, NaOH #%& NaS 1mol ti¥] 0.03molE &1
THREE 240C2 %9 DCB/ACPS(t: DBB/CPS) mole¥] &
95/06~60/40 mol% 2 W3AF1HA QBolF PPS/PPSS FF3HA)
T& R ¥AFE Table 4 2 Fig. 4, 59 el Table 49+
Fig. 414 [DCBVICPS] 2 [DBBYVICPS] ¥%24 % CPSe| &
Fo| F7hstelutel PPS/PPSS BE A9 0] zas= AL
= 7 3len FUHAZ DBBE AH4¥ A7t DCBRU 4289
Fazt AA Jebdd. Fig. 5904 [DBBIICPS] F9aa] zge
A& @ PPS/PPSS 3 8Ae #a1%o] [DCBYICPS] T¢eA <)
3% B0 24 Jeies Es (DBBYICPSIY EFH7F %/5
mol%¥Y W PPS/PPSS #FHAE PPS 9% ZFgauct Lajer
ol 7 YelY PPS 95 F#Ao 1A 2 yANES $A8
A PPS @5 A AW s FREE FHANL 4 Q=

Yoz o gd F gltn AzEint
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Fig. 4. Change of yield of PPS/PPSS copolymer with feed ratio
of CPS and different comonomer : (A) DBB;, (@) DCB
as COmONomer.

4.4 B

p-Dichlorobenzene(DCB), p-dibromobenzene(DBB), p-diiodo-
benzene(DIB) 2 4-chlorophenyl sulfone(CPS)2 A48t Phillips
PetroleumAle] g o2 poly(phenylene sulfide-co-phenylene
sulfide sulfone), PPS/PPSS 35&A& &43tn 358 ve &
A3 BE TTEA B9 2 L €3 AAd g3 zAtakgh
PPS/PPSS ¥F&A9 82 [DBBVICPS] ¥ [DIBJICPS] 3¢
ZFA 2% 29 [DCBVICPS] T93A z2g%dt we 259
10TAM d1 #&& Yehigich [DBBYICPS]) ©%4 23u] 9
G gl = CPS F8H7) 10mol%Y = AA4¥ PPS/PPSS
TFEA Y ExFe] 8330g/molE 7 HA uJEhyth CPS
FA] FJH7E 0mol% ol4d A4 WA= PPS/PPSS 2%
AT Tas YehA ggtou, CPSY EFFH7F 10mol%Y o
dolR PPS/PPSS #5358 A& ASE T,= & 15C =73
I Twe % 15C 4std €3 o] F4HE AL &2 £
Atk ® T 25 S 240CE 1AL [DBBYICPS]Y Z&H]
BHmol%E dted dojA PPS/PPSS F5 A+ PPS ©%
ARt £x3Fo] w7 el PPS ©= FFAY nFAA
A4S FAFA PPS 9% F8A9 Z2A9 il FF¥E
BAZ A WEoz ol4d £ gtn AZHY

= oy e

=
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=
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