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Soo-Chang Lee and Lee-Soon Park '
Department of Polymer Science,
Kyungpook National University, Taegu 702-701, Korea
( Received July 19, 1995)

82 ¢F . Sodium sulfideE p-dichlorobenzene®} #3%A|# poly(p-phenylene sulfide), PPSE 2
2]1 4,4’ -dibromobiphenyl X3 4-bromophenylether?} #§A|A 2+t poly(p-biphenylene
sufide), PBS 2 poly(p-phenylene sulfide ether), PPSEE #Asldon FELE, Tk
moled], A W 29 gFo] AL T& ¢ BAPFol viXe & vl ZARIAC w2
o]s HA 3 27L& EUZ sty PPS/PBS 2 PPS/PPSES] 35% Hhg EA4jo] tishMe =
Atgn B FHewol AoiM PPS7E 250 C oA Hi && vehd whHel PBS 3 PPSE
= 27} 2709 290°ColAM AW $£8L HPonm, ol TE w9l stoichiometric unbal-
anceol| ™a] FA40 £ RTH QA @ A3 E4E Btk ® AVIAEA B9 o] ¥ig
of i} PPS, PBS @ PPSE:= 2% [Hy0]/[sodium sulfide]=9:10]4 # 19| +&& B},

ol5 Ao Bxjek e 1-chloronaphthalened eluent® 1-2(210°C) GPCE AMg5le] £33}
A7, 944 4R DSC 2 TGAZ ZARIgEoh DSC €84 ox 2E] PPS9 PPSE: g0l
Zhzb 279°C 2 195 24 nEAe] B4 vERRiD, TGA 4% 23 9934& PPSE
<PPS<PBS9| A2 Z71 88 ¥git).

Abstract : Poly(p-phenylene sulfide) (PPS), poly(p-biphenylene sulfide) (PBS), and poly
(p-phenylene sulfide ether) (PPSE) were synthesized from sodium sulfide and p-
dichlorobenzene, 4,4 -dibromobiphenyl, and 4-bromophenyl ether, respectively, using N-meth-
yl pyrrolidinone (NMP) as solvent under high temperature (>250°C) and pressure (=
150psi). From the study of reaction conditions, the optimum reaction temperatures were
found to be increased in the order of 250°C <2707 <290°C for the synthesis of PPS, PBS,
and PPSE. All these polymer forming reactions showed less influence on stoichiometric imbal-
ance of corresponding monomer ratios than normal polycondensation reactions such as
polyesterification or polyamidation. The effect of water as an additive in the NMP solvent
was found to give maximum yields of all three polymers at [H,O]/[sodium sulfide]=9:1
level. The copolymerization behavior of PPS/PBS and PPS/PPSE combination was also stud-
ied according to the optimum homopolymerization reaction conditions. The molecular weights
of polymers were determined by the high temperature(210C) GPC with 1-
chloronaphthalene as eluent. Thermal analysis (DSC) of polymers showed 7,=2797C, 195°C
for PPS and PPSE, respectively. The thermal stability of polymers was found to be increased
in the order of PPSE<PPS<PBS from the TGA measurement.

Keywords  poly( p-phenylene sulfide), poly(arylene sulfide), poly(p-phenylene sulfide ether),
poly( p-biphenylene sulfide), thermal properties.
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234 EAR]  poly(p-phenylene sulfide),
PPS& w4l 1ejot 43 27t vl Agd ¢
o TZRE Hol e 7N FEA €4
3y Hdo) il F HYY¥F, ™, 7
Az & 59 52 AHEHT 3okl PPSH
FHNEY TYHoEE
copper salte] z}7]&¢ wrg,* aromatic disul-
fide 413} %3H4,56 sulfurg}l p-diiodobenzene?)
£5FHYT Fol Buse ot dA FPH ez
Z38% YAHE p-dichlorobenzenes®t sodium
sulfideE N-methyl-2-pyrrolidinone (NMP) &
fE ARESle] 200~2807C9 11, 1{t3folAd
2% A|7]= Phillips Petroleum Alol| A 7ijgl =
Holrt.

FZol= PPS (4]1)%¥ ofe} poly(p-bipheny-
lene sulfide), PBS (412), poly(p-phenylene sul-
fide ether), PPSE (&413)2} 22 poly(arylene
sulfide)sghs E3H o2 E8l$+= PPS /Al %
g ° o)=9) FEFA ] et AT Eo] FEE
Wy Qtk.3 % g8t} o] poly(arylene sulfide)s
o] F¢HE B4l 3 =39 I, 4HE
FHA AL AT Rigs =80

p-halophenylthiolate

NMP
nCl—-<: :>—-Cl + 2 Na,S-zH,0
& Tos0c

{—@—s] —+ 2n NaCl (1)

PPS

NMP
nBr—@——@—Br + n Na,S - IHZOW
{—@—@—S %n + 2nNaBr (2)

PBS

n Br<(O)—0~O)—Br + n NasS - tzo%%%
{—@—O~©—S-}»n+2nNaBr (3)

PBS
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E dTFo = Phillips 23U E o] &3l PBS
9l PPSEE &3A1d Wl PPS 53 vkg3te] xlo]
3, ol 5% PPSE ¥38AIL w ubgd 2 A
e FRAE] BAF, 4 Fo dis) =AY}
1=

4 9

Al oF, B Ao] AlE¥ sodium sulfide nona-
hydrate (Na;S-9H;0)%} p-dichlorobenzene, 1
2l PPS #{EAESY Tdal AHSE 44
dibromobiphenyl, 4-bromophenylethery= Z}2}
Aldrich Chemical Co.9] A|2¥3& ItE AME-3}
Q. wre  8uflel  N-methyl-2-pyrrolidinone
(NMP)& 417 Jti2Eg (F)ollA A3Ee A
£ calcium hydride (CaHz)E ¥W1 24 575
T Argatgnt. =3 F8AY Bl AHSE oAl
E, mgrg, THF = 242 g4t 3834 (F)9] A
oFF 2 AN, ¥4HEQ NaCle] A& el A
45 B2 deionized waterE AHE-3ICH.

PPS, PBS ¥ PPSES 3% 4$. PPS &
FEHS(PBS, PPSE)Y) 42 NayS-9H09
ARTE @58 T T A A e
812 AU A8 ES MRl A= 4
$2 vhrel ARt ole) PPS i 53
He Mzal= PBS @ PPSEQ] ZARol= FARHA
H g3]9ch.

Na,S-9H,09] ZATE B85 F A=
A %0l WA NapS-9H0 (0.025 mol) & 150
mL2] NMP £ufo] o4 of2& 71A &8 7
B, 25 2%3>], Dean-Stark trape] #z|H
250 mL A ZekA3e) Wi 185C7HRA 7143t
o, AA@e] AY4E AAstgt. olwl Dean-
Stark trapg %3l 3+ B ¥& T
& Ao ¥ A9 ATk olFA st
oz NayS/NMP £ef& of2x 7ha istol
A teflon tape® B3 uHE Viton O-ringd
A3 L2 350 mLel bombd stainless steel
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Wh8-7] (W7 7.3 cm, 917 8.2cm, Zo] 10.5 cm)
of Wi oF 120CE ¥ZAIHH. 97]9l 50 mLe)
NMP¢ £8)% p-dichlorobenzene (0.025 mol)
-8—0“3 7}8tal ¥Fe71 8 @& & silicone oil bath
o ¥ dAZ WHE2EoA HA A7 FF &
HHEbHE A BHSA|H T}

BH, NasS-9H09 2H4E g5ata @AY
&9 & F7Bke 39+ 200 mL NMP &)
2} NayS:9H,0 (0.025 mole), p-dichloriobenzene
(% = 4,4 -dibromobiphenyl, 4-bromophenyle-
ther) (0.025 mole), 7249 Ao EL
hZE Fh E9l7) ol A2 wglel @
HE3-A)1H T}

4 ¥g A7F, ¥H371E ol bathojjA] UMIL
ZT2x 2 F9std W82 FYest vbEE
<€ 1 L9 derg (PBS9 PPSEQl A= ztzd
THF 9 olME)3} 1 L] deionized water (80
CYoll ®EE A& m 100°C vacuum ovenol A]
24X7 o 2T F F8& X L 2 AR
atact.

TN #, A 33 2 943493, YA

H PPS, PBS 2 PPSE ©E 3152 KBr&
A3l FT-IR (Midac A& &4 3o|a=&
R13tgitt. PPSe] ¢ 820 enloAle] &4 o
ol]Zyx PPS’} A3 = 1,4-conjugated 739
< Yehitt. PBSE PPS9 #A}sF fxolEz
IR spectrumel 4] &2 91x]9] nlo]aE B O,
PPSE: ee|29] 57 #jo]a<l 1,280 cm™ ¥-2
oA %t F4 molags HAY F UATH

Poly(p-phenylene sulfide), PPS :
1560, 1460(v c=c), 820(d c-u1)

Poly(p-biphenylene sulfide), PBS : 3060
(vc-u), 1557, 1455(vc=c), 816(J8 c-n)

Poly(p-phenylene sulfide ether), PPSE : 3062
(ven), 1562, 1461(ve=c), 1280(vc=0), 816(dcn)

3062(vc.H),

T {4 F8EAY EXE-e Shodex GPC col-

2l A1998 #55 19954 94

umn(AT-80M/S)# UV detector7} &8 12
GPC (Senshu Scientific Co. Ltd., SSC VHT-
7000) & AMEElY A3} Column &% 210
C, flow rate 1.0 mL/min2] Z7AslA] eluent
22 l-chloronaphthaleneg Alg3le] AL s
Fom calibrationg sl EFElAE#H JFF
N2 AHEE,

Z3Ao] €842 DSC (DuPont 2000 ther-
mal analyzer) & AH83H 08, 2] 3ol @
ol & AAsH] 945t T, (melting tempera-
ture) B} 30C =& %714 20C/minZ 71
(Ist run)sted 1837 & AT T HFF4r=2
FYEA171 THA] 20C/minZ $-2 (2nd run)dhe
thermogram-& ¥ Ut}. 28] 32 2nd runoA 20°C/
minZ Y23l T, (melt crystallization temper-
ature) & At DSC B4 dojx A|g9) &
g W3 (4G)Y Hyle] doju= 2TE T
(glass transition temperature) 2 A3}R1 Z2A
3 ol 29} &4 Folze] A% WAE 2Hal
o] ¥o)Z2 maximumoAle &5 & T T,o8
slglon molas] WAS zMz 4HS JHo=
8313

Z8H9 daAAYL TGA (DuPont 2100)=2
8G9, 24 7|H8HA 20C/ming scan
rate2 BN LE9} Hrjis) $E8 Yehle
22 & Ao 985ColA FFE vus}
iz

A3 2 33

Phillips &l 23 PPSe} 4L 1L 1
o] AEst vhg 27stllA FHo 22 1
£ zARked o3& Hel ¥o. PPS

& A AZBA nRAFY FRAVE

o)X 11, 3 ¥-go] kA stoichiometryo] 71
A e AT BEY 5 = ¢E
AEE YePATHION o] H9gs } ] 10}04 2
7150l
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ST

AE A 28 T Fahey 581014 model
£ d7E B35y
PPS2] 3§ uvhg-o] phenylthiolate aniond)] 2J3F
SnAr (nucleophilic aromatic substitution) 7%
=2 11333}‘31 Y £F5FoE FH "oy A
& Bolx= AL uER A dAldl mEl SyA,
‘ﬂ%‘é | v27) Wi d& 29k 974X E F
2%, @A mole v, F8A W 9 F F
H}e =70 PPS, PBS @ PPSE9Q] &% &3

9 F5Y Wgol oA L AL A ¥

compound £& o] &3 3%

El

e z?}ﬂ] Ao FELE 2 A mole
H)9) 93, Philips £ wil sodium sulfide
(SS)¢} p-dichlorobenzene (DCB)Z XE] PPS
(A1), 4,4’,-dibromobiphenyl (DBB)Z *E
PBS (#12), 4-bromophenylether (BPE)E FE]
PPSE (A3) & &4 o ST2%, T&FA mole

Hlof] et G RABIAT PPS9) 3¢ $8-&
EE SyAr 717l 8l BEE 8 8
g Baigfel] wizkdt G nlATha A Ao
WA @A FEE 0125 mol/L, FFAILE
4hr, ©=Ed mole #] ([SS}/[DCBI, [SS]/
[DBB], [SS]/[BPE]) && @7 1:1, $2AW
A7 2AM B9 & [H01/[SS]=9/12 24
li2 (F NaS-9H,0 ZAFTe] EXF) 5382
H3lAHS w PPS, PBS, PPSE 39
W3S Fig. 1o Yehiiglch. Fig. 164
PPSE At 48] 250°Cell4] dojzl ¥hH PBS
9} PPSE= Hul 48°] #4 270C % 290C
R L}E}‘)E]— o]A& PPS, PBS ¥ PPSE
9] 3 whgo) SyA: 7172 JYstH FFNEL
oekxe] X group 4 (4o & FFE Lt
RS u)h 10 F 21(4)9] SyA, 7]l 9
2714 ZxoA X7} Hd & o 29 o]
lectron-donating groupQ) Z-$ F7Hdol A=
SAsE F7HAA 843 oluiA7E ZobAA
oz PPS<PBS<PPSEQ &A1& &2 259
A g0l HHE YAl He AR AT

O

> Kl
o ajn

o r°f' r[r

X oo
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Qith. Fig. 14 PPSES] 7%
PPS3} vlawsle) 4gs] wet o7& BPE 9%
Aol e oHE7S AAFA EFHet Bl Q)
= Aog AEUT. Percec F1516
poly(ether ketone)2 FAE w I ¥ 7|FE
SnArl 93] F2 dojubt Sgnl (unimolecular
radical nucleophilic substitution)e] Z@&Ho g
Dol vy} o5 AgolA WA Tud
electronegativity 7} ‘/‘O}X] , Sanl 717t 3]3]'
Filkgo] F7sle] 2e7|7t °]%5]°1 A=

B2} Alge RS YAHEE 2 4 %
9] x3lg zysA dvke AL BATh o9 #
A¥sHA PPSES] F§mkg-o] 49, BPE Gl
e AxFA dez7]e) EQuEA] Spnl 717
ol 93 Rut-go] Yol &go] FUHEZR, oA
o 2iv)|o] o|gR Q% uEA} A& W A
A7 A5 =89 A3tE 7k siA

pPBS %

&l
o B
=

aromatic

NI\/[P+H20
290 T

~X—~O)-SNa* +Br~)—X—
—x=O)r s @”X‘ (4)

100
80 -
- 60
s
<
~ 40
————
é S : PPS
20 L : PBS
: PPSE
e}
| 1 A 1 It ! )|

160 180 200 220 240 260 280 300
Reaction Temperature (°C)

Fig. 1. Effect of reaction temperature on the yield
of PPS, PBS, and PPSE.
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PPS, PBS 2 PPSEQ] $a4ts 54 & d444

S22 PPS, PBS, PPSEQ] 3utgolA 3

3 228 Z+7 2507, 270°C, 290°Co HH =
o2 &a 9egH $E5 0.125 mol/L, 38 A%t
S dhr, AW B7IR 24 B9 geF-& [H01/
[SS]=9/18 wAstx, TFAl mole W] [SST/
(DCB], [SS1/[DBB], [SS]/[BPE]E z& 0.5/
Lol A 1.5/744] BHAIZAE W DA mole B9}
F89 ¥IE Fig. 20l EAEIRT. Fig. 2004
PPS & poly(arylene sulfide)Ad EFAE2] &4
9] shiel & Lo Qojrje] kA stoichi-
ometric ratlooi] EH?‘F} HZAAdE B 4 Ut
PPS2] 7 ¢ [SS]/[DCB] mole 8]7} 0.75/101 A
1.25/1 ApolellAls 8o A WA ggovt o]
g WolMH F8c] dA3] AstEe & F U
oeFA el AxpiA 2SR SE717F e
poly (p-phenylene sufide sulfone), PPSS9] ¢
177 A9 SNALR FYEHBEE F
Ao} 223 A 937 stoichiometric imbalance
o] au7} PPSHth 34 yepde] #F=ATHY
asy PBS @ PPSE Z3 ¥h8l A= Hat
FA BEA Hd F dH 279 EE FF WS

[e]
e 5 e

o] PPSe] LBt SyA: 717FE FH o B
100
80 - /Cb‘ o 3
/ \
= 80 / ° \
X @ ey °
< /. A\
| . , -
= a0 f/ \
o/ O :PPS O
v : PBS
o d/ ® .ppsE

0 L 1 ! : i
04 06 08 10 12 14 1.6

Mole Ratio ; [SS}/[DCB], [SS)/[DBB}, [SS]/[BPE]

Fig. 2. Effect of monomer mole ratio on the yield of
PPS, PBS, and PPSE.

Ez|r 2194 #A53% 19953 9¢Y

A S22 geks stoichiometryol] i3l G 3Fx d
A7 YERUA He Ao g sidEn.

9% P9 QoId FAASA B9 9. Phil
lips A} 2§ o2 PPS 9 poly(arylene sulfide)s
2 $4T u F8A o) DA NagS-xHz0
ARG olof A HAHEA AT £& vl
o A EE S BARE FHE ¢ AU
o] £3) ¥3lol BaEo] 9lr.!8
uwzba] 3= & PPS, PBS @ PPSE®] 7
2yzy 250°C, 270°C, 290°C = Bhar, kA Eg—_l,:_%;_-
0.125 mol/L,, &3+ A)7+& 4hr, [SS]/[DCB],
[SS]/[DBB], [SS]/[BPE] @& mole H]|E 2z}
Zv 1:182 nAsta, 284 | 89 &5E& NasS
1 mole thy] 1.5¢141 18.0 mole2] W L7tz H3}

AFIEA ZRA &) HElE 2ABIAT Fig.
304 B5o] PPS, PBS @ PPSES] 7% H7HA
24 29] o] [Hp0)/[SS]=9:1 F-ZollAf Huh
T8 YehAATh. oA A7 A B9 ol
[H,01/(SS]=9:1 AwollA vhts LufAle] 4]
o] =7}5o] Al thiolate anion®] Na~™
counter ©]-&o] solvent separated Atefol] T35}
o F3 Wi Aol FtHER &9 F7hs 7HA

go AN 1o w

E
=

100

80

Yield (%)

40

A 4
20 — i 4 : PBS
C  :PPSE

0 i ! i !
0.0 4.5 9.0 13.5 18.0

Water Content (xH,0/Nz,S ; moVmol)

Fig. 3. Effect of water as additive on the yield of
PPS, PBS, and PPSE.
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o # %

2E Aoz Y. 3H PPS, PBS, PPSES]
3 UAX H7HEA B9 FE [H01/
[SS]=9:18ct Bo] WolE B¢ oo U &
e AR AFgste nER} Abgol 27 FHH
of #&°] oixe Aoz YZ4Er}.

FEAN H7HR2A B9 geFg HAIIHA
dolxl FRAEY TF FFEAHF (M)E 12
GPCZ BA43}o Fig. 49 Jeligch. Fig. 3 2
Fig. 4914 PPSE #7224 g9 &) [H,
0J/[SS]=9/101A &3} Exlgo] HUAE Y
ebdl ®vHH, PPSEx [Hp01/[SS]=9/1014 +&
< HHE BIAT FPA EXFL 59 gl
FastA Aol LAt o] AL PPSY 34 &
wiA ol So] H7ige] uwlz} thiolate aniong)
Na® counter o] &j2]8] 712 3% SyA, 4}
$4 272 ¥Ae] 2715t PPSES) F9E
ojgig WA F7tel = Eata st neat
Aol 27188 BB o $H5] gEolsn
Az, &3 PBSY A¢ F¥€L F45Y
72 A4 o] 22 1-chloronaphthalene (210C) &
ol T 7|El §rldlME &31E= gob GPCe
o B2 23S T 4 o

6
. 'o-
s oA
P o PPS
)
—
x
« ir ©
< PPSE
1
sl | J
v v '
v v -
2 ! ! !
0 5 10 15 20
Water Content (xH,0)

Fig. 4. Effect of water content on M, of PPS(0)
and PPSE(V¥).
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=

PPS/PBS ¥3% % PPS/PPSE 334 3.
o M) PPS, PBS ¢ PPSE #4zte] HH =z

L% 270°C, ¥WHEA)7E Shr, @A) =% 0.5 mol/
L, Na,S/(DCB+DBB) mole H] 1:1, H7A 24
29} greFS NayS 1 mole tH] 9 mole® 1A3x
[DCB]/[DBB] molet]E 90/10~10/90 mole%
A AZAF|RA B3] FFUAY & L ¥
%S Table 19 YERAUTE. Table 12 FE F
A & ZA HohA] FAA T EAAF (M)
£ [DCB]/[DBB] #3417} 70/30~60/40 mole
% WelH A 7= 53 [DCBY/
[DBB] &&H|7} 70/30 mole% 1 7% #AlgL
241x10%02 Hlxd FF xAstelA FAHH
PPS o= F3A BTt oF Suf) A 718 ezt
Fo] FFHRAE ¢& 7 ANUTH

5 PPS/PPSE &%%9 3%, PPS/PBS &
% Al2dl) Y% SR TFA FF
8] [DCB]/[BPE]Z z+z} 70/30 2 30/70 mole
%2 3] FPstF o, % FEEHY &
2 Exgg Table 241 Jepfdct. [DCBl/
[BPE] #3417k 70/30 % 30/709 m £xge

Table. 1. Effect of DCB/DBB Comonomer Feed
Ratio on the Yield and Molecular Weight of PPS/
PBS Copolymers?®

Feed Ratio (mol%) Yield M,*

w c

Sample No. DCB/DBB (%) (x10%) MWD

_Ho-pPS® 100/00 864 58 590
"~ BCO-11 90/10 674 88 334
BCO-12 80/20 791 129 4.28
BCO-10 70/30 818 241 635
BCO-13 60,/40 823 237 7.72
BCO-14 50/50 787 85 367
BCO-15 40/60 778 47 293
BCO-16 30/70 776 29 256

¢ Reaction conditons
Total water content in the medium(H;0/NayS=9/1 mol ratio)
Monomer cone.(0.5 mol/l NMP), Reaction temp.(270°C).

b Reaction temp.(250°C).

¢ Obtained with high temp. GPC.

Polymer(Korea) Vol. 19, No. 5, September 1995



PPS, PBS % PPSE} 338 54 2 2842

Table. 2. Effect of DCB/DBB Comonomer Feed
Ratio on the Yield and Molecular Weight of PPS/
PBS Copolymers®

Feed Ratio (mol%) Yield M,?

Sample No. DCB/DBB (%) (x10%) MWD¢
HO-PPS? 100/00 764 58 590
ECO-3 70/30 74.6 4.5 1.70
ECO-4 30/70 72.2 3.1 1.48
HO-PPSE¢ 0/100 58.0 31 260

¢ Reaction ¢onditons
Total water content in the medium(H;0/NayS=9/1 mol ratic)
Monamer cone.(0.5 mol/l NMP), Reaction temp.(270°C).

b Reaction temp.(250°C).

¢ Reactxon temp.(2907C).
4 Obtained with high temp. GPC.

Z}ﬂ 45x10%3 3.1x1032g PPS¢ PPSE ¢
FEAEAFY 70 A=Y G WEPLH%IC}

]3} Zo] PPS/PBS #&%A71 PPS/PPSE
FERAY AEh 2ol ¥ A vehd A
< o d9 HAH FRxA9 AWIA PPSe
PBSE ®¥HgA4o] A9 fAksht PPSe PPSE=
FHF FHLxol A4 PPS/PBS z3¢rTH ¢
& Aolg Yehly] yzoz AyzHErh. PPS/
PBS ¥ PPS/PPSE 3%%& 98l tisixe A
T o AAM3] 2ARE Ao it

PPS, PBS % PPSE M9 934 44.
PPS, PBS ¢ PPSE O = 334 59 €3 43
& DSC 2 TGAZ ZARI¥LYW 2 AHRE
Table 3¢ YehhQitt. PPSe} PPSE: n2%A
oA DSCell 9% T,o] ztz} 279°C ¢ 195
oA #EAsT 3 PBSE UF €3 Aol
7} ol DSC &£74o] oj2{9) van Krevelen 5]
F|Fst group contribution method (Table 4) &
ARgsld T 32 & Adiglen L= 1507,
The 386C9 & 4ot

PPSe} ¢ Eal AReEe H 2SS
UERE &5& 247 49479} 561°CQ whRo)
PBSE B AlZRE7) 433 CE2A PPSEO ¥
o A e 610CE PPSET ¥4 o
=7 Uelgton 985°CoA e IAFHT 38% 24
PPS9} 31% 8t A4 Uebsith o] & 2ol PBS

ol A1948 A53 19953 99

Table. 3. DSC and TGA Thermal Data of PPS,
PBS and PPSE

T:g ch AHc: Tmc AHm: Tm AH/
(c)y (©) U () () (C) U
DSC/ PPS 740 1117 242 2491 582 2794 664
data) PBS* 1504 - -~ 3865
'PPSE 470 780 265 1472 438 1953 455

Degradationstart-~ Maximum degra- % of residue

Polymers = - () dation lemp(T) &l 985C
TGA! PPS 4835 5609 07
data | OBS 4334 6100 385

' PPSE 4193 5340 245

¢ Obtained by van Krevelen equation(Table 4).

Table. 4. Calculation of 7, and T,, of the PBS Ho-
mopolymer by van Krevelen Equation

Y Yoi M;
(g K/molx 10%) { g K/mol x 10-%) ( g /mol)

—@—@— 70 99 152.18

-5- 8 225 32.06

Group

DYei=78 XY¥mi=1215 M=184.24

2Ye  78x1000

e =423.36 K=150.36C

M~ 18424
_2Ymi _ 1215x1000 _ _ ,
To="31 = "{giss = 0994TK=38647C
7+ PPSHTH Hf a2 HREFo] w2 9
= 2R3 blphenylen Hhe o) 8 ¥ gs}

Q7] WEog AzrEct. 28] PPSEy 419

oA Eall7F Al&Ee] 534 ColA] U] RElEE
UERA R 985°Coll Mol ZhRFS 24% 2 PPS
2o 3e E AP S YepRET), o121 PPSE
o] #Ajgko] PPSHT} 7] W&o & Yz

v 8 K Fo

3} =

Ll

a
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