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Q of: nEAEY] poly(p-phenylene sulfide) (PPS)<] A& $8lo 1,4-dichlorobenzene
(DCB) ol Ak 3:3%5A ek 1,2,4-trichlorobenzene (TCB) & ek 2 3l sodium sul
fideote] #FZ% 2 sodium acetate E3= lithium acetateE FH7IA2 NMP&old %918k
DCB9} sodium sulfide27E PPSE At £ 3354 S & A48 35PMe=
TCBe} Fi#ke] 718 wel §x3 (M,)o] F7ist o 7tndlr) o] Foix|2] ¢kx 210 T
o -] 1-chloronaphthalened] ¥x3%) == 71238 PPS (M,=144000 g/mol) & 4T 4 Y=
TCB 3z T3 2.0mol% 2 Jepdch = TCBE ol &% 71X 739 PPSE T,9 %
72 WEAdel BdEden T,9 ZAg 7134del gd=qlch. 18]l3 alkali metal carboxyl-
ated] A7 S F3 A48 PPS @5 A2 M= sodium acetate2] 2$- F¢laFo] sodi-
um sulfide 1 molet}®] 0.3 moledd wj Ez}eko] 35000 g/molz H1XE Vel o lithium
acetate £ AlR-3 A o= FU3Fo] 0.5 moled # E=jeko] 21500 g/molz VENF 1 sodium
acetate”} lithium acetate BT} Bx}15F F719} 8 ZHA A Ad7l F& ¢ 4 vk

ABSTRACT: For the synthesis of high molecular weight poly(p-phenylene sulfide), PPS, so-
dium sulfide was copolymerized with 1,4-dichlorobenzene (DCB) and a small amount of 1,2 4-
trichlorobenzene (TCB). In another approach sodium acetate or lithium acetate was incorpo-
rated into NMP solvent as additive for the homopolymerization of DCB and sodium sulfide. In
the copolymerization utilizing trifunctional TCB comonomer, the highest molecular weight of
a branched type PPS(M,=144000g/mol) which was still completely soluble in 1-
chloronaphthalene solvent at 210 C was obtained at TCB content of 2 mol% in DCB/TCB
mixture. The resulting branched type PPS sample showed higher T, and lower T}, than
homo-PPS sample prepared under similiar condition. In the alkali metal carboxylate additive
method, the highest M, 's of homo-PPS were 35000 g/mol with 0.3 mol of sodium acetate as
additive (based on 1 mol of sodium sulfide) and 21500 g/mol with 0.5 mol of lithium acetate,
respectively. Sodium acetate was more effective than lithium acetate as additive in the PPS
polymerization from the view point of yield and M, of PPS.

Keywords: poly(p-phenylene sulfide), PFS, high molecular weight, branched type PPS.
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(NaS-3H,0)&= A7 drj2E2](F)oA A
A& AN O] 1,4-dichlorobenzene
(DCB) ¥ 1,2,4-trichlorobenzene (TCB) 3} 714
2 AlR¥ sodium acetate$} lithium acetete= Al
drich Chemicalr}e] Alfg& g AlR-stich
%3 fujel  N-methyl-2-pyrrolidinone (NMP) &
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tone YARFIA(F) AFEE WA §lo] Al
/A FAHESQ] NaCle] A *F%—% BE FF
TE AHg-Sdth

71Xy Rx:e nEXZ PPSel gy, dA (Ny)
714 &8 F2 2 Dean-Stark trapoe] AR

250 mL 47 Zata3d] Na,S-3H,0 53.84 g (0.4
mol), NMP 160 mL, NaOH 0.48 g (0.012 mol),
H,0 43.25 g (2.4 mol) & FJskict. v} 935S
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Aok €olxl Na,S/NMP £94& olz=x 7l4 ztg
atoll Al mdubgrle) W3 DCB 59.4 g ([DCB]/
[Na,S]=1.01 mol/1 mol), NMP 40 mL& w&7)
9l 713t % sodium acetate (NaOAc) %= lithium
acetate (LI0Ac)E Na,S 1mol tjy] 0.19]4] 1.
2mol7}A] st A FQlslgi). ol2 & shag 2§
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oAM= dolH& A A7 et melting tempera-
ture (T, )EH 30C ¥& 2274 20 C/ming
7hE (Ist run)dle] 187 52 Aeld & A 2
22 FY¥AI7IZ oA 20 C/minZ 4-& (2nd run)
3] T, (glass transition temperature), 7 (cold
crystallization temperature) % 7,.& <o}
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(melt crystallization temperature)& ¢t}
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oz Me] 2xE T8 T,o2, Fojzae HAHL
4%t AHS Hoz Algaialch
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TEH MFeEN 7IXE PPSE FAsln o)s9
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1L 2.0mol, 7424 NaOH %43 NaS
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W3kE xalstg on AntE Table 19 UehiRIT
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Table 1. Effect of 1,2,4-Trichlorobenzene as
Comonomer on the Yield and Molecular Weight of
PPS

[TCBJ/[Na,S] yield M,
(mol/mol) (%) (g/mol)
Homo-PPS 0/1.0 99.3 17400 4.71

sample no. MM,

TPPS-1 0.005/1.0 99.8 25300 6.31
TPPS-2 0.010/1.0 98.6 49100 11.79
TPPS-3 0.012/1.0 86.1 54600 1247
TPPS-4 0.020/1.0 98.5 144000 30.67
TPPS-5 0.025/1.0 91.0 1300000 -
TPPS-6 0.030/1.0 92.1 1000000 -

Reaction temperature ; 265 'C, Reaction time ; & hr, Dehydration
level; [H,0)/[Na;S1=15mol/1.0mol, Mole ratio of monomer:
[DCB+ TCB1/[Na,S]=1.03mol/1.0mol, NaOH amount:
[NaOH1/{Na,S$]=0.03 mol/1.0 mol.
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Table 2. Thermal Data of TCB/DCB/Sodium Sul-
fide Copolymerization Samples

Tg ch Tm 4 Hf Tmc
(¢)y (¢ (o Ug ()
Homo PPS 886 1393 2783 493 2270

TPPS-1 911 1452 2726 407 1934

TPPS-2 922 1549 2671 380 1768

TPPS-3 903 1449 2705 380 1899

TPPS-4 938 171.1 2573 305 1541

TPPS-5 951 1717 2571 313 -

TPPS-6 950 1731 2330 301 -

sample no.

® 250

80 T T T T T 230
0.0 05 10 15 20 25 30

Content of TCB (mol%)

Figure 1. Effect of TCB comonomer on the T, and
T, of resulting PPS samples.
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PPSe] AARst=rt iy fEoz A=A
Fig. 2¢] DSC thermogramE<ix TCB2| #ago]
Z71del wel 243 szt e 222 olFsld
Yoz &gde At v TCB7E <&
2mol% AHE TPPS-4A8& Extge] FdA o
H] ¢} 8.38)7} Z71E et 210 CollA 1-chlorona-
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Figure 2. DSC thermogram of TCB/DCB/Na,S
copolymerization samples. (a) Home-PPS, (b) TPPS-2.
(c) TPPS-4, (d) TPPS-6.
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Sodium Acetate, Lithium Acetate #7142 A
&. PPS Z3o| 9JolA alkali metal carboxylate
E FHE SIS O Exlse] FrlETe B
27 Yt E B Agd4E=  sodium  acetate
(NaDAc)$} lithium acetate (LiOAc)E Al&3ld
PPS Z{hutgole) F3& AR gt AA <
2 ¥EE NMP 1L% 2.0mol, FH7HH=ZEA
NaOH <982 Na,S 1 mol thy] 0.03 mol, g
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2} LiOAce] J 49 Na,S 1 mol tjd] 0.1~1.2 mol
AX MBI FE AT
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B2k W32 Table 33 Fig. 39| L}a}tmq
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0.3 mol7lx| & Z718cd7t 0.3 mol oAl = A
= e 2tk NaOAc H7H|9) ko] NaS
1 mol thH] 0.3 mold o BAY PPSAI g2 X
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Table 3. Effect of Sodium Acetate as Additive on
the Yield and Molecular Weight of PPS

[NaOAcl/[Na,S] yield M,

Table 4. Effect of Lithium Acetate as Additive
on the Yield and Molecular Weight of PPS

[LIOAC]/[Nazs] yield Mw

sample no. (mol/mol) (%) (g/mol) M./, sample no. {mol/mol) (%) (g/mol) M/ M,

Homo-PPS 0/1.0 99.3 17400 471 Homo-PPS 0/1.0 99.3 17400 471
SPPS-1 0.1/1.0 98.5 20000 478 LPPS-1 0.1/1.0 92.2 12000 7.28
SPPS-2 0.2/1.0 984 27000 7.63 LPPS-2 03/1.0 88.18 21300 10.46
SPPS-3 0.3/1.0 989 35000 7.77 LPPS-3 0.5/1.0 8557 21500 11.34
SPPS-4 0.5/1.0 935 30500 1048 LPPS-4 0.7/1.0 83.03 18200 841
SPPS-5 0.7/1.0 90.2 30000 11.10 LPPS-5 1.0/1.0 83.0 20100 6.74
SPPS-6 1.0/1.0 939 32100 11.37 LPPS-6 12/10 794 15700 582
SPPS-7 1.2/1.0 91.4 41200 9.17 Reaction temperature ; 265 C, Reaction time : 5 hr, Dehydration

Reaction temperature ; 265 ‘C, Reaction time ; Shr, Dehydration
level: [H,01/[Na,S]=1.5mol/1.0 mol, Mole ratio of mono-

mer; [DCB]/[NayS]1=101 mol/1.0mol, NaOH  amount;
{NaOH]/[Na,S1=0.03 mol/1.0 mol.
100 40000
e ®
\Y(g
95 - [N 35000
J .
%0 - ! R N 30000
T B om e 25000 G
2 S 2
g : L s
80 im 20000
I’
75 15000
70 T T T T T 10000
00 02 04 06 08 10 12

Content of NaOAc (x mol/imol Na,S)

Figure 3. Effect of sodium acetate as additive on the
yield and molecular weight of PPS.
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PPSAI®e] Exjgo] 21500 g/molz 7b8 =4 U}
ettrt. 28] 3 LiOAce F<l3ko] 713t ulat 4

&2 A228 A2& 19983 34

level; [H,01/[Na;S1=1.5mol/1.0 mol, Mole ratio of mono-

mer ;: [DCB]/[Na,S1=1.01 mol/1.0mol, NaOH  amount
[NaOH1/[Na,S1=0.03 mol/1.0 mol.
100 30000
\ .
90 - 'g‘\ 25000
» . ~e__ .
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K " ok =
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L
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Figure 4. Effect of lithium acetate as additive on the
yield and molecular weight of PPS.
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