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A Study on the Development of Heat Resistant PPS Fiber
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PPS = AFZFHA udd dxYd EetLcy £x2H HE
o] 4d7t4£d Aol vzt Udd, UHIFAEFY, ddE Fol
T3ty ZIA, A7), AdA, AFA T AMEEHE e &z
tl. olgA PPS B AZH Hie g, UgEEol FHAUH
53] oMo udEAgel ot 3EA MRl nistd WFI
243tct. 2y PPS A= FHlde AR WELE UE F

BEL IAFUES E7 oY LEely chip HJEHE AHZ

o
2o A= grh, ¥ 1983 do] Y A(Phillips)Ate] =}H A}
l W AMF(Philliips Fiber) AlolA FMEE S HI} curing o
o3ty 1FUEY HRE PPS & AP I on, dE
AHE 1987 U o]F o] olE2J] 71x] =& ANAEH, FHolxt}

Sold PPS AR U PPS WEY Jgel FHHz A}
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SUMMARY

PPS 1s a typical specialty engineering plastics for high
temperature applications, It 1s superior to general purpose

engineering plastics on heat resistence, chemical resistance, and

inflamability.

It can be synthesized by the condensation polymerization from
sodium sulfide and p-DCB 1n a polar solvent such as NMP., However, 1t
1s quite dificult to i1ncrease molecular weight of PPS high enough to

use for PPS fiber or PPS films.

In this progect, we investigated the effects of catalysts,

reactant concentrations, reaction conditions, and curing conditions

on molecular weight of PPS resin.
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H1H AME

o UWEX A 4ol #Y FAol wolxla Arh
53] AAdE AMEo ARFHE AEAE S dU4BAE, HEYFHQ
8. % FHod 7IAAH Hes& HARIH, oy IEA &
2 WA polyphenylene oxide {m-PPO), polyphenylene sulfide (PPS),
polyetheretherketone (PEEK), polyethersulfone (PES) %23} o] W
& UHE 7SR Fagivh. olg F PPS £ 1973de) o F
o] HYA MF (Phillips Petroleum) AtoA A A3 Al f
48 S Aoy EcfLAHOE JHFLETL 260 oC 2 Flojnd
=

XFE., UHRHHYYFLE, AVNEE, ddE. H JIAZJHFEE
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¥ 1. Spinning Condition and Physical Properties of PPS

Fiberl?)

Property value

Processing conditions

Spinning Temperature 300 C

Draw Temperature 100 C |
}

Draw Ratio 3.8 |

Properties

Denier 230
| Tenacity (gpd) 2.5-3.0
Elongation (%) 25-35
| Initial Modulus (gpd) 30-40
| Knot Strength (gpd) 2.0-2.5
Elastic Recovery (%)
2% extension 100
0% extension 96-100
10% extension 86

Boiling Water Shrinkage (%) 16
Continuous Use Temp. ( C) 175

. il - I

=
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UE|-§ - PPS FHRE ol&8Y¥ HEHE AE3tH o 2/d 50l
Fostal FAlel Wit Adel F3 2ol ALY ALE
o] Jtesttt.  H3] AMrtrdee wjriztA AR
PPS A7 HFHol REHI =EXR FHY FeEAdF HUE

of wisj JFH, 4L£FH7t Fhs St

2. A2-& HE - JYdid, JHeHeEe] F43t PPS HF7L

I 2. PPS Fiber Strength Retained after Exposure to Inorganic

Chemicals (Exposure Condition were 93 °C for 1 week)

Chemical Strength retained (%)
10% Hydrochloric acid |
concentrated Hydrochloric acida 100 |
48 % Sulfuric acid | 100

i Concentrated sulfuric acid 10 |
10 % Nitric acid | 75
Concentrated nitric acid 0

| Concentrated phosphoric acid 95 |

| 50 % Chromic acid 0 - 10
10 % Sodium hydroxide 100

| 30 % Sodium hydroxide 100
50 % Sodium hydroxide 75

a Fiber exposed at 60 ©oC
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# 3. PPS Fiber Strength Retained after Exposure to Organic

(Fiber Exposed for 1 week)

—

Chemical

F

| Chloroform

Perchloroethylene
Toluene
Acetic acid

Foemic anid

Carbon tetrachloride

Ethylene dichloride

(

‘-"C)

Temperature

Strength Retained

(%)

100
100

100
100

75 - 90

100
100

Chemicals

3 4. Fabric Strength Retained After Exposure to 50 % Sul furic

Acid at 93 °C

|

i el

Strength retained ( %) after

Fiber type e __T e
(Nonwoven fabric) 24 hr 1 week
EE—— T - § -
Nomex 16 Degraded
PBI 87 78
Huyglas J 1
PPS 120 | 123
Polyester 30 Degraded
Acrylic 79 Degraded
Polypropylene 105 106

113

109
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HF 5. Fabric Strength Retained After Exposure to 10 % Sodium
Hydroxide at 93 °C

Fiber type —

(Nonwoven fabric) 24 hr 1 week 2 weeks

Nomex
PBI

18 10

Huyglas Degraded — —
| PPS 122 124 110
| Polyester Dissolved — —_
Acrylic Dissolved — —
Polypropylene | 117 111 110

A e - _— Ny L .

¥ 6. Fabric Strength Retained After Exposure in Oven at 232¢C

Strength retained ( %) after

Fiber type I — - —1—
(Nonwoven fabric) | 24 hr 2 week 3 week 5 week
Nomex 98 95
PBI 105 79

1 Huyglas 93 79
PPS 93 61

| Polyester | 29 | 27 23 19
Acrylic 3 1 — | —
Polypropylene Mel ted — — | —

15



¥ 7. Gaseous Degradation Products of PPS Polymer by Pyrolysis

at 700 oC
— — B
Material Amount (mg/g of PPS) l
CO2 1800
SO2 425
CO 200
| COS 2.5 h
| C2Hg 1.5

ol23t Hojyud FMHAE JFHIFI 2FUEL PPS X8 F
to] oY AHAFFo= W EAHo] gddoer} 1983do LI A

8 (Phillips Fiber) A}7} &m& A3t ¥ =xpake] PPS ¢ &

PPS WES QRS T4 MAYUAolN gl B FRE:

g Rastn den, Ide Eo WIA A FTFOET AY
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¥ 8. Physical properties of PPS film!7)
( Blown Film: Blow-up ratio, 3.0 )

Property value
[_ Thickness (mils) 1.2
Tensile Strength (MPa)
Machine Direction 51.5
Transverse Direction 48. 2
Elongation (%)

l Machine Direction 8

Transverse Direction 6
Dielectric Constant (1 KHz) 4.2
Dissipation Factor (1 KHz) 0.0073

10°

INSULATION
ULTIMATE
STRENGTH

/
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an
- / 2 /
= /
. /
o . 0 ELONGATION AT /'
103 l
- "f
P . o | /
X - !
/
/powssrsa FILM
o | ELONGATION AT
/// ' "BREAK
1024 Y |
r
260 240 220 200 180 160 140
Temp.,C

8l 1. Thermal Resistance of PPS Film
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PPS WEL 7|8Ho2E: FHsIA g2 ¥4E © HE2E
ydd, vadd, drzsd AP, ANSFE. uHYS
o] Hojuiw o]¥ HAPd wiro REEHYUY WY, dAdym F
o] AJAAAE, TN, HAAE, &3y Fo AHARE,
A at@d BE, AFERA, AZZISuiN s IEHY IE
o] o|Fojx|a 9lon, Hal 2 um oA 125 um ZHX| & FAE

Barsta glen ge® 1.0 - 1.5 um ZHAY 2 g H¥

100

\ PPS film 50 AL

Retentivity of elongation at break , %

Time , days

3% 2. Hydrolytic Resistance of PPS Film
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— — . _ l
ICharacteristics of Fi?%] {;;plication Thickness

Thermal Resistance % ¥ electrical insulator: 25 - 125 um

motor, transducer

* flexible PCB 25 - 125 um
Flame Retardant ¥
¥ condenser 2 - 10 yum
Hydrolytic Resistance % ¥ electronic part: 25 - 125 um
insulating sheet
¥ automobile: 25 - 125 um
Hygrostability X diaphragm
¥ heat transfering 4 - 12 um
tape
Electrical Characteristic ¥ ¥ adhesive tape 12 - 50 um
* wrappage of food, 6 - 25 um
Chemical Proofing % interior material
* magnetic recorder: 25 - 75 um
floppy

%l 3. Characteristics of PPS film and Applications

PPS &2 JUAMEEL HAZE obF 2 A Fo] E L
olu] S£HE TI APIotdAd FES EL gdeoen AEHFE

B97t &oluix dth
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e melt casting
B solution casting

240
O Pi o out of production
- Pl
a
£
®
~ PA PAI PA
o, Nomex O OPOD Aramid
% M ———m— - B om— e e mm e [} - —
- .PEEK
o 160 PPA

O
S 100 -2 PES-PEI PP
= 0 ®
= PEN PS
G PET A
:

120FE - @ ~ == ~m=~cmmmme e e - AR

1950 1960 1970 1980 , year

2% 4. Development of Thermal Resistant Films

PPS o Mol oy BHsE @A o 100 dlsje] o= g
C} TR ZI9LeEE nlFe "HYPA M Fa} d22] xgol,
e 2 (Dainippon Ink), ©o}a}3] Zata, o} (Kureha),
20lER,  Sde ulo]d (Bayer), BASF Fo| it}

o) slgolMel PPS F§e vel- zEewa (DCB) I}
SIIEE (NaS) o AY0ed WY~ zAHoILh  sulfide o
source X &= HIHLUEE sodium hydrosul fide, alkali metal
bisulfide, thiiosul fate, halothiophenol 2] Uzl 2S5 A
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thiocarboxylic acid, mercaptants, thiourea, thiocarbonate,

elemental sulfur, thiocarbamate % ©Oj-$ C}Us}L}, Hel cfjFF
o] I IEEE sulfide & source 8 A}&3}32  <Qlc}. Phenyl 7]
2] source ZE+= DCB 7} tj¥Fo|lH, ol 2]o]] trichloro benzene,
dichloronaphthalene o] <l 9}, F3 DCB off 48 AH7stH 1
2ap Age AL gosH EHE HHANE BHoz sgd
b, gUlEE NP 7} 22 A48Ho, 18 amde A IFHR
71 8] E& AIE3I7]&E jhc) < sodium sulfide hydrate & Z %

T& AAY o Xylene oJu oEtEE o]&std FI JFHISFF

3o T M AA+TE AHASH|IE 3t} Zol €= alkali metal
carboxylate, alkali metal carbonate, alkali metal phenoxide,
alkali metal hydroxide, lithium halide, carbon dioxide, water,
alkali metal sulfonate, sodium phosphate, hydrazine 5¢] 539
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A2 PPS 28 43

Al 1 A PPS A& FZR

rM

Zho Qx| oldy] SetAEo 3P Fiol wolx AUrh
E3] w-PPO, PPS, PEEK, PES Sz o] WX ciglE Jx=
¢ AEAE WdAd R uiH™go] wobl Aol HFHI  lrh
ol F Eelmddulol= (PPS) &= 1973 ol ©n]jZe] Phiillips
Petroleum Atol &J3toy i, A3 H A2 HIHYH FXs
(238 5)2F o] w78 (p-phenylene units) & 3=} (sulfide

2%) 7t M2 AR ZAYFHS As YR FRorh

O

2% 5. Chemical Structure of PPS Repeating Unit

olAE AP ditAd FHE O JNAFEA, 4584,
A7 882, H¥AHP ] BE FHoun o7jo] =R7j423tge o

A8 72 ZE DEALEANE A9 dxYoly Zelayogel @
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2 JIAF zZigd glol O FLFo B ¥y clom
I8 2=, A28 Y E, A7, U &, I} Ml composite HOf
A 2 " PPS & g 9HA}

YT PPS of I =Fo] AF UEH A HEsA
2]

7t JiEE FEd AF2

A
-z
0,
1%
S
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2
L
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lo
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>

efZtch. PPS & dH]lx¥b AR HIEFol AHES YAHAH ZHL2 1888

Aol Friedel 2} Crafts 7} #HAE oAHFFE HHE3 wbgA]F

d ol Grenvesse of &3fjroln HHRUAFojE Fuf IJlois WA} F

& MSAA $Ho] 2950c 1 MAY] BLH S GIri2),
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PPS &] 3Jadof #H3lo IAHE Ee|7] A& AL Macallum
of 23] FMEE FAdHol WHEH o|Fo|r}3), Jd+= poly(arylene
sulfide) =22 A WHog HYUA, EANERF, o© ojd3
H AL  275-300 C oA NI ATIE H¥Y AFNIZIer HHES

€ ATt

H] & Macallum & AP HZ APs] J Hgdtgolojix WL E

Holdtz] REAN BEES Aol HYSIY s A=A

B H-o] Fo3ld H¥E &2E AHGEYS EIAssrt. o y¥
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LS
H, A" PPS X 1 AH¥FY FRE PRI Uk 1
Lenz 2] ¥ASHES w©TA 7tFHo| w¥ixm ®EIL Hlg Fased

copper(l) bromide T& E& HA3IZI7F ul+ e ©lEE 1A

H &= X3PATh

olzjgt FAHRE Tol sZEHIZ MHA IFEHI H A 1967
Aol Phillips Petroleum Company 2] Edmond &} Hill o &]3] PPS 2!
MEZ el iEEHIUAM FHAT o]¥l  “Phillips
Process” & Ezgl= o] dw¥y2 Mo H7|Luo] 3F}o]a p-dichloro
benzene 2} sodium sulfide & I SN ZEE o|LK3FE Flolmy
1967d0] WU MRAE o M st nIHAE HEHA
). ol¥ o 2Me HHH AT U scaleuwp APS AA
1973 d o] ®©AFA2] Borger of AMA R PPS F Ao AMHHOH
B 4tES "Ryton” PPS gt AHEZ A 3tE g}

23



A 343 PPSe 2 FF
¥z 71dF Holal:x PPS HZRIFAHALS AL XE-F7F Phillips

TPoT HINEF - rjA2HAELE FAH K71&ul Sty

BgAsle ZHolm oju PHUEF FHZZ ULTh).

o~ _H—er + vas MG—Q—S—)— - et (4 4
n

o] WEIFE AR HHAY AP ABRUFE AH

PPS ¢} NaCl & HA%ich.

SNa

_-.Eg_l_’. C|—©—SN3 (4 5)
Ao+ e

— u—@—s-—@-—m + NaCl

(4] 5) oldE HFIUEFH web- czeRAzY ANS
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& UYERAI, (A 6) odAXE AAUZTY BEEcl TS Iei-t

ez Nestd TEA Al&el Aol AxEE AFL U

P A FHoAH 2Ro]les dRE HRAY HAHIIY cfFPLto]
¥]319)7] wfFol PPS & Ao X% AHo] FHrl. Ryton PPS

2] ARIFIEZ (2" 6) 2 Hr}.

gy I3 Hz0

p-dichloro- —
benzene

1%l 6. Manufacturing Process of Ryton PPS
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Yela FAoE Al A= o FHwiMye Fug o
o] Zitl, PPS & dHIF o2 Rujjo] x|y oo FTAFHY w
B

o7 Exagks A7 TET9) 220 oC ofA] 1- sl elaof

0] HE2RMOFT light scattering ©JL} GPC HWH oy SAHI} XA

=2}gko] 15,000 - 20,000 B=E HBEEC A I 150 - 200 FH ot}

100 olgA Aa™ PPS £xE  THA curing o] ot EAwe
o] Er}

PPS o] ZYNPE olshstA Hol uwet mEL-PPS X
Zyzod w2 E¢Y 4 YA =HPowil o LExB-PPSE

curing HAE VLT & gtk o A2 FuFFS ¥z
24 Yade FY AVAZ Aesn gon o FYIIS
(23 7) of uehddrh o FAE e A wxsAutes A
g NazS MM L4 wadel ArEE Aol trEth

ol@Aste] @olx WMEL wrEchelAl 300 - 400 FEQ M7

# 2o= UE2] Kureha Chemical Industry oAl 3R} %-PPS
& A FEITAH(IY 8)e Agstdchz). o FFPol WA

T A tEHZ IEAFAAN AFdes RIS =AM BA

FEAL F 4 EE Hulsle tiAl g22EAA FIHE F
2]
-
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alkali metal
Naz S carboxylate =< £

g 33 Hz2 O

p-dichloro- L
benzene U FX

o He F

a2 MH 2 NaCl

.78 7. Manufacturing Process of High Molecular Weight Ryton PPS
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gy F3
p~dichloro- —
benzene A2 S 33
H20 12 S 33

1%l 8. Manufacturing Process of Kureha PPS
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A 4 A PPS & EA

Uol A AdAJF uvlep Yol PPS £Xo HASRTE IO 4%
AtFY, UHEAE, YEoyd, JNAZFEAE, ANFEFEY, A<+
tFAE, AR JddAd & E F Art. o3y Az AH4A

of i =A}AMF] DA BAC)

4-1. curing X3

PPS +x&= EB3#HEE 71 d7l4Ld xoltt. & PPS &
@A elo 3l EAFES VUANA BUA¥ EFE HYAY =
e FAEE MR AL o|FA curing o &3ty EAZE HI
Ald g7 Wi oA &Y 3 E MR oA FHAY
At-gol  Zhs 3ttt

curing & WY IA FAE YE £ AUsd 25 0T
7tAl = B &-curingld) FHo=z b4} Ex| 3Sloi PPS o £§
FET 2 2EE Z1dA7les WReltt.  7td¥ol wet 1EA
2 §®FZE S8t ML HoZr., A&dte stdstdE A
EE W% F718td E8YElolA A HEE FHi AIJodes AL
Aol E&F Al Polg|E HA "t o A H IEA
e 7la H AR FEFHH EE FI&uidAy Jld3ldx
2] ¢t:th., Tzl ¥b¥ 2 PPS EuE 29 &z dloa L
A dlE2 o}zl JEE (175 - 280 °oC) 714E3tE A Arel-curing
B14) 0% PPS o ExFI} LFHEE Ad¥ £ Aoy AW

of W2 F& AU + de AEEARY ¥Holrh.  PPsY A4

e} curing & 27 thHA LEAME "4 gom olm IEx
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SEHLEHA

curing 2}

T},

<= @ AlzZte] wmiep 2FHcl

curing 2]
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—he R
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100
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—
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AEAY] YEdES w2 2= =& HAL o 374, A
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PPS(GF40%)

——— {
L
i+ PEEK (GF30%) |
E:JI 10&"—-—.___
p— e ——
) 4
o N
7O \
ne N\
pree N PBTI{(GF30%)
AN
--I._.n \
N\
e N N
J \ \.\ |
NYLON66 "~

™
(GF30%) N NN
.*\

0 50 100 150 200
Temperature(T)

1% 10. Temperature Dependence of Flexual Modulus of PPS

PPS o] H¢ T2 Zelr" Hru & 256 7x 1 %
+¢ BHol wAEE ¥ 4+ Atk E, 230 °C Rr} &S &

Lol A2 thermal aging & Al¥ojA= PPS 7} curing H&= AAS



Zt32l7] wiFo F

N

& HHe curing o oS #AAE HH
v 7R ZIAAH Aol FAFHe= dAES HUrh

PPS 2]2] Zcfe HAHS EHBFLETL 260 oC o|iojm &

HAIE 2= 220 - 240 oC B FHI3 &Y UYEAEES 1A U=

Folth  (E9) odE RAMSE 2} AdAYoja BepaAd o

AHPEE vlA3AT, (H10) oAy ULEEX$E dvlastgct

X 9. Heat Deflection Temperature of Glass-fiber Reinforced

Engineering Plastics! 6}

el —— e e eyl — n— - iy L i ey gL ey el gl S sl

Polymer ASTM Heat Deflection
Temperature at 264 psi (°C)

Poly(ether ether ketone) (PEEK)

Poly(amideimide) (Torlon) 274
PPS 263
Nylon 6,6 254 |
Poly(butyl terephthalate) 220 |
Poly(etherimide) (Ultem) 216 :
Polyarylate 179
Polysul fone 177
Polycarbonate 149 j

ey oy - il - i il .
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X 10, dxjr]ojgl ZEelAER L UL EX|S4 d]i16)

Polymer UL temperature index ( 0C)-__l

— - i 1
PPS ' 220
Poly(ether sulfone) 170
Polysul fone 140
Poly(butylene terephthalate) 140
: Nylon 6,6 140
Polycarbonate 125

i i, i, — — - Malie Sl i Tt Nl i S o P . i S il i i — T

PPS 4~2]&] DSC & o|&3qA JSHAY EH (Tm) 2} FHol2
= (Tg) & (¢ 11) of uYepgcrt. F2ES 9 280 °C, Tg=
et 90 oC  FE 40 - 50 J/Kg oltt. E FUEAT A RAAME=
120 oC F-ZolM ZAZHo uwE WA FHEH}. PPS gAlE
AT 31 Y §Ho] 280 °C B S FHol I UEAdY
oljfel WY <4 grt. w Tg 7t ¥H|lZF yt7] wfo] 150 oC o]
Aol 2xdgold A&IE B e BVEEY A & 1Y
AELAL HLstA =Hrh,  PPS 2] dEI AFE TA R F
st clE AUy Fetav Hay¢  FAsE (¥ 12) o
th. B FoAME  BF 430 °oC oA F3E 7] A Eslq 660 °C
oA &As da, FHCL
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Exo Te

Quenched Sample

Endo

0 50 100 150 200 250 300
Temperature (C)

%) 11, DSC Thermogram of PPS

|

40

Weight loss (%)

Q0
-

=

Temperature (T)

%] 12. TGA loss of Engineering Plastics

4-3. 71ABA A



c}. (2@ 13) - (28 16) AN SeAdF Hrgd A" FE2

HAE uepulch.  2"EdMg & 4 %ol PPS o HxEs HI
o
O

-
°
Kg/cm2 AEe ¢ £ S BUch o] £ X|&= Al to|sjAE

of 77l A 5 &74Fe WEAND 4 ok

2500
E
e
[+7 &
< 2000
o
e
s 1500
"
b
s 1000
bt

500

0
0 10 20 30 40 50 60

Content of Glass Fiber (%)

18) 13. Flexual Strength of Glass Fiber Reinforced PPS

g g

S

Tensile Strength{kg/cal)

500

0 10 20 30 40 50 60
Content of Glass Fiber (%)

1%l 14, Tensile Strength of Glass Fiber Reinforced PPS
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2 10
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Content of Glass Fiber (%)

%) 15. Flexual Modulus of Glass Fiber Reinforced PPS

10 20 30 40 S0 60
Content of Glass Fiber (%)

£ 60
£
-4
= 40
a2
v. 20
%
2
E
g

% 16. Impact Strength of Glass Fiber Reinforced PPS

PPS £2l& Holyd uHytEYE 9 geidS 7HAZ U
A7), A ZopolH A&HE ZAF AFEA. HF 2d. &%
A, stdeldol oA £ UYL LS Vel @agztA =

200 C olstol 4 PPS £xE& &3ste R71§u7 wAHA ¢n3
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ch.  meldq PPS 428 FZEL A7 FEY HAGME A
4, B4, 9B 5g A $Auy.  $UEEI 40 % 2o
ol PPS 4212 etEol tiy s =2AE AJE (E 11)d
Fesgon (F 12) dldE Axyoly FatA"e uUnyde b
2ttt PPS £AE B LEML gie Eygately 7y
a3t RBAHE #F$s dtol oze PPS o ZAYs

sulfide 7} sulfoxide L} sulfone 28 Al¥SE £ 9ql7] ol c}.
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¥ 11. PPS A 3EE 2] 930CoA & JFFAL6)

[

i Tensile Strength retained ( %) after

I

.

. L

3 month [ 6 month |12 month

Chemicals | 24 hr
' ] ]

iCresyl diphenyl phosphate 100 100 83 95
85 % H3POy4 100 99 41 89
| Cyclohexanol 100 91 69 86
lButylamine 96 46 o8 85 |
Gasoline | 100 99 | 71 80
NMP 100 92 84 80 |
Butyl alcohol | 100 92 | 69 80 |
Butyl ether | 100 89 | 68 79 |
Air L 96 | 71 72
Water l 99 99 ; 49 65 |
30% NaOH | 100 89 44 63
Phenol 100 92 59 63 |
30 % Hz2S04 | 94 89 34 61 |
Methyl ethyl ketone | 100 100 o7 61
Clorox 94 77 34 61
Dioxane l 99 36 69 o9
Ethyl acetate - 100 88 46 58 |
Chioroform 81 77 4] 43 ;
Aniline 100 86 60 42
|Benzaldehyde 97 47 27 42 |
Toluene 100 70 20 41
Benznitrile | 100 79 29 39
Nitrobenzene | 100 63 53 31
30 % HCI 71 34 | 22 29
Carbon tetrachloride | 100 48 24 A
10 % HNOj3 91
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E 12. AxUold SetaEe sy E
(93 oC ol 4] 24417 =& A7 A2

T

o

d o

Nylon
6/6

Chemicals
87 % HCI
10 % HNOj3
30 % H2S04
35 % H3PO4
30 % NaOH
28 % NH40H
Ho O
FeCls, 10% aqueous

NaOCl,

Br2,

Phenol

Aniline

10% aqueous

10% aqueous

Butyl alcohol

Butyl amine

2-Butanone
Benzaldehyde
|Chlorobenzene

Chloroform

Ethyl acetate
Butyl phthalate

Toluene

p-Dioxane

Butyl ether
Gasoline

Diesel fuel

Benzonitrile

O O O

89
85
66
13
44

87

30
85
87
98
73
57
89
90
96
100
80
87
76
86

Poly-

carbonate|sul fone

0
100
100
100

100
1 100

L o
o OO

L O O O O O O O

V-
o

61
99
100

100

41

[;;Iy- m-PPO
f._; —
100 100
' 100 100
100 100
100 100
100 100
100 100 100
100 100 100
100 100 100
100 100 84
92 87 64
100 84 100
0 0 100
0 0 50
0 0 96
0 0 100
| 0 0 84
0 0 100
0 0 87
| 0 0 100
63 19 100
0 0 88
| 100 0 100
100 0 100
100 36 100
0 0 98
0 0 100




PPS 2= I3 HIYALZY I Held ddHdE& 71x 2
Exg ¥4

g BT

it  ERE ud =¥ BEL un Enhe
12 ARk PPS o AtaASE 44 o}oE wE

UL 94 7178 Al®d ZE3 V-0& wHECH

o4y A4S AU

=
3 Hio] (E13)o] FHelxo

¥ 13. Electrical Properties of PPS Compounds

Glass-

40%Glass- {Mineral -

Glass-

Mineral-filled

property unit [filled filled color(black)

Dielectric Strength (1KHz)|v/mil 450 340 324
Dielectric Constant (1MHz) 3.8 4.6 5.1
Dissipation factor (1MHz) 0.0013 0.0016 0.019
Volume Resistivity (2min)!ohm—cm 4 5X1010) 2.0X1015] 1,3X1015
LArc Resistance sec 35 200 200
Comparative Tracking Index|v 180 235 200
Insulation Resistance ohm | 10!l 109 |

l - —— ra—— — A — i ———
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(X2 13)olA RoFXxo] PPS B [KAMNSI w3
dissipation factor 7} Y& FIl4¢ HeldAd IE {XEHE B
a4 qlrt} 3t o] dissipation factor & 200 oC & 31&7}#] 0.01
olste}] 2 UE& IfE ARt FA AMPUSES SFNEA
PPS 2= F7ld X&FHox 37 AFd¥E IIdE  JA ¥
weldw e T FHAI PPS B xR F-§ olota A ¥o] ¥
Lzl B3, e FAAE AU AMPLEHN e a3

22 13 HE& BWEAE 4 ot

Al 5 3 PPSe &%

PPS £2|2] HAHZ UM dAFJF uviel Fo] Yydg, &
Ax e JIAA FERA], ZABH=, UHY¥Y, AedBEE 9
BotEgd, S8 AJNFIEAE, 2R ddd, dvagd, vt
T Bol TLE FAZXNHUE 4+ Ar. AlE&€ PPS A= &
o] wel A, HFrA, ZHA S HAnLEIq A F
HOo 2 o] AlEHrt  o]g¥ PPS & &£EF (FE 14) of B
st ol

Lol PPS B R OHEFo JNUEHOY AUXRI Ao 9

2 &&= W ef4=8E& (F15) o FlstHdct
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E 14. PPS 472 €% T ojo] £7HE B4

l

s & 2+ = %

Ay, &3, deolst+F |2 dd, HIAHAE, dEl
| 7tol=, ASlx g o] Aty e, WEos
FAYAA, AR Wotot 24
|2 |

—_— —_— - - — L - I . —_ . —
(HZSF, 4Hy, NARG=, Uy, Ha
U8 RE, F3UR,
l%%ﬂﬂi57huz

Hlold, SR

MEAELESI?E, ARFTF

uj 7] 7 A8, ZpEUR

UL, UWIRg, 7IAR{SS

il

e,

—

g, S—

WG, R

HEe, WiERs, 8RS

S——N

a2, WhBharerE A

i —
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¥ 15. Application of PPS

Fiber and PPS Film

s %

M 7] 7} AW E, HE

L

A71HddA®, TRA,

ntag, NEEF,

W4, vhEheter g

ddE, MIEE, HEH,

SELEE R E:

495




A 3B A¥

A 1 A PPS & 2%

PPS 8] AL (¥ 2) =& (21 3) oA o] HHUEE
(Na2S n H20) & JF8/718ujd NMP o] o]l €423 S F3
2348 AHAAZL ci& DB Y Fojte] IL2aYWEE AH o
Folzct.  REge] UHE &ofl 3 HiAE ¥H4EFH, NaCl F
Butggo AMAZTALE AA AR 9 FAeg AAHEL yol JES
A 7F @ojx|A ¥l

1-1 ¥42A (Dehydration Step)

b By FE HFILIEFS NazS n H20 & $£HEE Folal
o] XRE 6-9 7/ AR+ E XUSIIZ Qo olF WA MHATI=
CHAIE ®HaeZBojzt (Tt olF AAFE= A2 A

NaS + H20 —— NaSH + NaOH

NaSH + Hz0 —— NaOH + HzS 1
BoluA 3l $£&E HLAFIEE oy FiE

=
= HEdAer RAd= o] me Fasict meM BHUEEF

4 {71 8&ofel NMP o] o]z FHol 3 B AHASHA
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1-2 %

T3 F A7ol izl tEFEENHE MY F Autoclave
ol A 270 °oC oA 4A1ZF F A AT 1§ 7|2+ Parr reactor
T-316 (€% 1 1)& Ag3tdda g7l URLEE 12 oC o]UE A
o] 3t ol t}.

dtAoz FUEY RYAY AHdEF HIldes FUEZE
dAZHLRE wolw Zo] vl E MHEPA = cooling coil &

BAAH vIE 270 o€ 71x] H£AA FA AL

WS F BEEY FAL slurry ZEjE PPS, NaCL, mjul§&&E, &
] & g EoITL o] slurry oA LufE £elstn, E2 oelE

2 AA3t ot EFE AATF 120 oCollA AERAH HEHEUY

3t " PPS A+ Alpha-Centry A}&] FT-IR & o|&3ld F=R

FME& sldoen PYarEHMos JF2RAS Itgrl.
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2-2 AEA
Differential Scanning Calorimeter(DSC) ¥4 & %3 PPS 4=x] 8]

24733 dY4 2 E&EHFE SFSEBUTL

2-3 =AY 53

PPS 2= AZolA tifzTel &Bujel wx| YeEz 1&d
A O IAFBEE FAHBIY rtl&e Mark-Houwink-Sakurada 2joff 2] 3}of
Mw & HHAH =R AF3lgrt. o uw] fujEE 1I-EFEF U
= AME3IHA 206 + 0.2 oC oA &I

[n]

[7] = k Ma

1n(t/to) / C

k = 8.9 X 10-5> , a = 0,747
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A 4% A3 ® O ILF

A1 d PPS =2 ¥HJQ

M

1-1 AP+

PPS & WAzl 3el ¢Xeo] F €x7t BY SAF
e FRE EHojdon uwiety 1,4- F o] XHE = WA
] B4 IR ¥ A7} 813 cm!, 1011 cm!, 1389 cm !, 1473 cm-!, 1573
cm-! Tl EFEIA  eludct, £ C-S stretching o] #BAEE
|27} 1094 cm-! oA wi¢ Z3tA LlEldCE

oy 17 & "HglA M{A A HFE<Qd Ryton &] IR spectrum o] 31
2% 18 = v AHAEAA I PPS ¢ IR spectrum o] T},

T oARe HYMER AMEYL wasid HuW EE PPS

lo
1"}
off
1.
gt
AL
L

T2 §4 ¥AEo] FHol EHUET ¢ 5 4
T+Z2&F 7R AUAEZE ¢ + vk, &R 1200 - 1300 cm™!  Apoj
ol % yA AtiE 37 & tiELV o]ARL IR ZAL 9
oy AHRA] dAg "o oE ZAFIEL xolE EXHH

C}.
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Transmittance (%)

Transmiltance (%)

2000 1800 1600 1400 1200 1000

Wavenumber (cm™*)

%) 17 IR Spectrum of Ryton PPS

2000 1800 1600 1400 1200 1000

Wavenumber {cm™)

13 18 IR Spectrum of Kist-PPS
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HEH PPS o 2o =& HUSI 3l (HAE2EHE
stglct,  H 16 oA WA Al Ryton 3} EAHAA FHUH  PPS
o HAEAH ZAYdEF vastdct

H 16. Element Analysis of PPS

E 16 oM UgEES HEA ( CeHsS )a I vims} =2
Ryton-PPS 1} Kist-PPS R5F o|&EZ A dA3Y wS =&
Geld S o 4 vk, E¥ Na L Cl o] AL Exsia] g3

glem ojzler Rol g RFAE( NaCl of I AN AAHI

o1



A 23 SY2ALY HF 3

PPS o ZYNSS IHe K718 stold BHUEEH 3
- tlZEEWAe 1 AUV olfY Aod oy Y
g9 wizlUES BIUEFY B Qs v gIzeWdy cl
& AWsle] HAEZ NaClo] HasHE HYY x@ugew ¥
). old% FUweld AMY R FUEE FAINE

eE 9@ A, W Exoy ¢ 3

delsts zduls ohEA "ok wmeby %g Exojd ¥3hyE
&3 steh Ugseane BEEe AN doin PPS 9
+g U BAYe vased Yy FPRAL A ¥ Ayl

durd o %2y VAME FUEE oY 27 9
AL We Rrmel wAME 111 & PRojop ¥rh. 2y A
WANE E 17 oA RE BHUEEH e} tIeAde] B

7} 1 1.04 - 1.10 duf Lol 713 31 23R 7}A Ar}.
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A ZH[7E o] MelE ¥oud IRFAET FH3 oS
g 5 Adrh. oA oM dFF v Lol Izt tEEREMW
2xoMe FI¢el AP 2R FY HEST] uelA

o
S
spel- t22 2R dFI JINYHE EA3I] "o 4

X 17. Effect of monomer mole ratio of p-dichlorobenzene

to sodium sulfide on PPS polymerization

AHEHS 2 Yield
1 0.993 89
2 1.023 91
3 1.044 92
4 1.096 90

o 4g 9 FYEst wstA ek ule de dHel mWE x
X

°] HEE (X 18) of UEITt.
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¥ 18. Effect of monomer concentration on PPS polymerization

ﬂﬁ““i Na2S- 9H20 =
(g) (ml) (%)

95 0.16

9 88 0.14
10 85 0.12

¥ 18 oA &t ol MUIIEF 180 g, uet- tjF 22 WA 115g
of tthsl 260 mle] NMP & Al €349 E W I/AE 0.16 4 &
95 x§ XolW Lo L& FIVMANA ExnY BTEEF AAYTSH
ARFEG $£E&0 ZH2¥UE & 4 Utk wetd FUEE &
APOR IFojo} JtAolE WGFH
A 371 #dtdE= A G Ro] oo}

1-3 A 7IA 2] A&

PPS ¢8| F¥e FHulz dHeIFHY F71dE AHEsIH FT¥
EF &Y 4 oSl EI¥ vt gl PPS oAM= Fuje HHY
o] o1& F¥F3 «HA vle= gLt EujY IFHEEHIIE HSH
StAlA PPS FYHFTY HolgeldE SHHAA I oA EE
dojxgozy WUIEEHEEEF F7HAII= ZAeE B4, =@ ¥
B717y 2 8 ol ZHRZ e BFFYE BExoE HIIANZLEH
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cABE F7HAZ 4 2Ad2om o]l:x long chain branch & #XAlHA
A 7MY ®A3E AE 4+ AUtk EF 159 &m 9@ FF¥
Bxme] H7lo] 23 PPS & SUHAE YERY AT

3 19. Effect of catalyst and comonomer on PPS polymerization

AEHT NazS-I DCB

Catalyst| TCB ==

# (g) (g) (g) (g) (%)
11 126 | 115 | 400 76. 5 0 92
12 126 | 113 | 400 | 76. 5 1.0 | 91

{
13 126 | 113 | 400 76.5 1.2 | 91
14 126 | 112 | 400 76.5 1.4 | 95
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A 33 Curing TR

PPS 8] HAFY 37t F2EF FAESY EAFS FIHA
Zl 4 Qltfe= Aot & At4e] Ex|dte] A 2 dt= curing of
oj3f Fx}o] FItsta EFAHElAMNYg HEIP F7I3t PPS F3
2] spinning off HYI LFAFEF AL

Curing 7]+ t&Y MZAE FEE F$  Adrh R )
chain extention ol &}3%t curing, E#®|& dxidative cross-linking, Al

2] == thermal cross-linking ©]t}.

Disproportionation

2ArS . ArSAr 4 s

Oxidative Crosslirking

A A O 5
{0)-s- A
Thermal Crosslinking
:z:: . \ﬂfV\AJ;j£:3>-S-/\pVAV/

olg]dt PPS & curing o= BFEE o] 315 °C - 425 °C
2 428 sldste PHd £8LE olstolAd t@sE 2 AAE
Lozt &8FE olidolM stdEtd A Zde= £8AHY HEE
stoll 7td¥o] uwiel A EFET el gel & B A
& ZIE3E w2 U= HS

A ZHEStH FEe FTL

oS
H1
rIr
Iy
AL)
N,
rﬂ
2l
N,
oy
ol
o
R
L.
o
N,



21t} o]l E curing & W] RAVRF|I] 23} curing agent
g x£3tE= wiylol Q1o  curing agent 2 #, disulfide,
peroxide F°] glt}. = AuBdAME= FHI3 AAHolHE  curing
agent R FojE ARl curing & ZHESIQen AJRE 2
219 of Yehjgich

100000 .(e A
80000 )
' O
R
L 60000
>
“n
o .
o 40000‘ -
> [ (C)
B
20700 | (b)
s 2= T (@)
Nl = =i '
20 40 50 80 100 120
Time(min)
ag) S:0wtsg ZnO : O wt ®
b) S:2 wtg ZnO : 2 wt &
c) S:3wtg ZnO0 : 3wt %
) S:4wts ZnO : 4 wvi %
e) S:5wtg. ZnO : S wt %

%! 19, Vulcanization of PPS with sulfur and zinc oxide at 300 °oC
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A48 RPN B 13

PPS +x]2] spinning2 A& EX¥, IEx, FAFIIE F
of AA 9¥E& Vet £ AHAME FBME T FHAY =
=l mel- T FEE WA HE- CZEEANE LY FIFYAH
PPS £x]2] ZANEE B WHAI A At (27 20) &
HEl- T2 22N FTFUAY PPS 2o AEE UEiUAdrt
of7lofjA HE wHeE- CFEENNY HFPol 10x B 7= EE
7} AA HEsA 4oy 10 x ojldes HY HEI AA HolA
v Z2& 4 £ At (3% 21) oA olEg FITFEUYALY dET4
A& veEpAcrl  EFR (2 22) oA RAFXRo] wE TER
ZuiAe o] HAHU4LEFE RFeldol2x (Tg) & €&2=E& AA
Holxjuy ZAPBH2EE= 4 F7ch. HEl- SR EHAe Y
of wWE LE{ALT WHE (I 23) of vEIUAL ojRew

PPS o] ZAB¥EY HALE THYHLE HAY + Uddrh
0.20

ol reole = Epppme—". kil gl L o I L L]

0.15

D
e
k7 0
8 0.10¢( S
@ N
= O
- "‘“-9____________..--0
0.05
000 A PO N VI U . _
() 5 1) 15 20) 20 3()

m-DCB conlent (%)

a2 20. Melt viscosities of PPS-copolymers
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rey
] wiTgin

rPS
m=DCHE %N

»ps '
il B

Fry
mDCE 5%

< ENDO

res
m=-DLCEZI0 N

Lol &
mODCEI%%

0 00 220 280

160
Tewmp,’C
USC thermogram of PPS

O 21. DSC thermogram of PPS-copolymers

(0)Tg (®)Tc  (&):Tm

300 e s
AN
O
~ 200 A
O
l
~
@ o
o ° o o
A,
E 100 T ®
— O .
O O O O
0 N i . S N ' i i 4 A s
0 %) 10 15 2} 25 30

m--DCB conlenl(%)
]l 22. Glass transition temperature (Tg), crystallazation

temperature {Tc), and melting temperature (Tm) of

PPS-copolymers
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PPS A 7€ X& UE37 sl FUAEE T3 +&83H
SUEE Sg|7] T duAddE sl
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