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Research Progress on Polyphenylene Sulfide ( PPS)
Nanocomposites Materials and Fibers
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Abstract: Polyphenylene sulfide (PPS)is a material which has outstanding high-temperature resistance, chemical re-
sistance, flame retardance. PPS fibers are widely applied in the field of high temperature filtration and chemical protec-
tion. The comprehensive performances of PPS nanocomposites and fibers are further improved which are reinforced by ad-
dition of nanoparticles. In this paper, the PPS materials or fibers modified by nanoparticles for improving the ultra-violet
resistance, the thermal oxidation resistance, abrasion resistance, the crystallization and mechanical properties, and the
modification mechanism of nanoparticles on PPS were analyzed further. The properties of PPS materials which should be
continued to improve were also introduced in detail. It was highlighted that the ultra-violet resistance, the thermal oxida-
tion resistance and the permitted maximal used temperature of PPS materials should be enhanced for further application.
More researches about PPS nanocomposites with different nanotopography and sizes and the formation mechanism of PPS

nanocomposites fiber need to be studied.
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Fig. 1 SEM image of PPS/Si0, @ TiO, nanocomposite
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Table 1 The TGA data of SWCNT-PEI/ IF-WS,/PPS hybrid
nanocomposites (10 C/min, air atmosphere) [**]
SWCNT-PEIL IF-WS, T/C Ty0/C A
content, w/% content, w/%
0.0 0.0 459 502 541
0.1 0.0 462 505 544
0.5 0.0 470 509 544
1.0 0.0 472 511 556
2.0 0.0 479 517 565
1.5 0.5 486 526 573
1.0 1.0 485 520 568
0.5 1.5 474 513 564
A 0.0 465 505 549

Note: T;, T,yand T are temperatures of initial degrading, mass losing
up to 10% , and maximal degradation rate, respectively; a represents
non-wrapped SWCNTs.
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Fig. 4  Young’s modulus(a) and tensile strength (b) for neat
PPS, PPS-NH,-g-SWCNT, and PPS/SWCNT * used as

reference

LU SR . FERRAR IR R, VAR RURL Y 5 B
il PPS k4%, FEARUEAS M6 H 5. PRI, @620l &
PPS £F 4 1) BE 452 2 PR RE (PR RE FER T R %0 . H
Hi, $&e PPS BEEEMEREM T R E , FEA W5+
TSGR GRAC A P R GRARAA A o 38 A4 R 11 JBE 45
FEE: B I B FE S R EE 82 R BURALE, 5 AR AR
MR B — IR, NTE—E S0 N B2 R
MIZEE R GUOKKLT RSN, 2w, 59 8eT 5
IR R R, RS SRR R, R R AR A i) SR
TEXT AR b7 A A BERL B 4 5 S PR 0 oK 80K FE 3% TrT AR
K, RERTZ , BFEEK , BRI RN A
SR, AT 4 1 L e e

Bahadur S 2™ 5@ 11 ¥ 0 30 ~ 50 nm fi% TiO, . ZnO .
CuO F1 SiC, X Ebix 4 FpIEEL X PPS (1 B FERCR & 3,
N CuO J5, PPS [P ARAS EE R A FTREAR, IR}
RS N 2% 0, BEFEREAK . W0 TiO, EURHAFE
WO 1% B, ZAMEHY BRI TR, ERRE
H2%0F, BB ERAL. SR, W ZnO Fi SiC B, PPS
WS FERARE T, ANRBIRFIHE S EFEMERE AR . Y
CuO F1 TiO, W& R 2% I, B A FHRHGEE I 25
A%, FFAEMRRIEDE R )E, RORHE & T
PPS [ EEHEVERE . T ZnO F1 SiC DR 524 1 k) i g 452



5 8 1]

W IAE . AR IFORE O SRR i B S L2 ST 5

489

REG4EPPS 2R %, J— i, YRR RS
R T 2% WF, A MRS 58 i b6 5 Y 3G
$Emr. I, CuO 1 TiO, AJ LAYE K2 & PPS JEE #5244 g
1 R AR

Cho M H #1 Bahadur SDHEJ}%ZQIE, p 1PN 3
MORHCBLERLEF 2 . BREF4E) J5, 7T LI 4k 22 B AR nano-
CuO/PPS SLR ¥y 1) 5 FE 28 F JBE 488 R Bk, &5 R %9,
15% Kvelar + 2% CuO + PPS fi J& #& % & % (i F
0.014 mm’/km) , {H 2 EE# ZEHE M, 15% CF +2%
CuO + PPS [ BEFERPRAG,  FLEE 48 22 B AH R7 B AR (5K
#0.45) . HAN, ALK ALO, LAl LIRS PPS fi 5
$EMERE, Christian J Schwartz 255 HF5Y 2280, WS INRF
T 2% (1) AL Oy, BT LA 55 % B JRRT X T 22 8] 11
SRR . AN, BT 1. 0% (BT 4350 i) PPS-NH2-g-
SWCNT J5 ™, 94K AT & b RHI BE S R B0 BEFRAIG, IS
FERFEAL T 75% o X ULW, PPS-NH2-g-SWCNT 4 | T
&5 PPS (il 5 1

FIH, T P 1 AF 9 (B v T X PPS i 1 F 5,
PPS ZLYyTif B 1 A F 98 48/, T BEIR AT 98 6 F i i &
AT R ORE G £ HE 1 BE 424 AT, T2 PPS Tl Ak i
o MeAh, TEGKIETR PPS 27 4 Ay TR BE P 7 T, 675 2
PR AURRL T W b, BRI S B, T 4R9 KRR
Al b, TR UNTF L oum) , DI RS
B2 T 55K

6 & &
YR BURHSCE PPS AP AT, 4R I & I
(BT EAYSPIVATE

(1) PPS £ 4ERYSAIDG IR, J&— 2Ryl
L, R 20 K ke A 2 45 SR R OR 3K 6 R Y
KA

(2) Ffi%g PPS BRARURSSHY) V2N T, (il ROBE [ A
Ty AT 2 (W S FENLRBE R AR, S Tl Ak i FH AT
FERB, R s 49K ORI R PPS T M 1 B
GE, AUEE TR, i B O SRR,

(3) HFT, Gk PPS Tt 4 Ak 2 v 37 1 e iF
RAZ , WITYOREURE Ao, AP JE PPS 44k
NPT, 0T 20 2% 1 I 7K Ao 0 R B S A

SEHE References

[1] Yang Jie(# 7). PPS Resin and Its Application ( PPS # I§ J&
H ) [M]. Beijing: Chemical Industry Press, 2006.

[2] Gulgunje P, Bhat G, Spruiell J. Structure and Properties Devel-
opment in Poly( phenylene Sulfide) Fibers, Part I Effect of Ma-

(8]

(9]

[10]

[11]

[13]

[14]

[15]

[16]

terial and Melt Spinning Process Variables[ J1. Journal of Ap-
plied Polymer Science. 2011, 12(5) .3 110 -3 121.

Huang Q, Wu P F, Gao X S, et al. The Relationship among Te-
nacity, Processing and Structure of Poly ( Phenylene Sulfide )
[J]. Acta Polymerica Sinica. 2012, 3 : 326 -333.

Gulgunje P, Bhat G, Spruiell J. Structure and Properties Devel-
opment in Poly ( phenylene sulfide) Fibers, 1L Effect of One-
Zone Draw Annealing[ J]. Journal of Applied Polymer Science.
2012, 125(3): 1890 -1 900.

Gulgunje P, Bhat G, Spruiell J. Structure and Properties Devel-
opment in Poly ( phenylene sulfide) Fibers, III. Effect of Two
Zone Drawing and Annealing [ J1. Journal of Applied Polymer
Science. 2012, 125(3): 1693 -1 700.

Vives V C, Dix J S, Brady D G. Polyphenylene Sulfide ( PPS) in
Harsh Environments[ J]. ACS Symp Ser, 1983, 229 65 - 85.
Hearle ] W S. High-Performance Fibres (7 PERELT 4E) [M].
Translated by Ma Yujiang ( & #y 3 3§ ). China
Textile&Apparel Press, 2004.

Das P K, Deslayriers P J, Fahey D R. Photodegradation and Photo-
stabilization of Poly( P-phenylene Sulfide). I. Laser Flash-Photoly-
sis Studies of Model Compounds[ J7. Macromolecules, 1993, 26
(19): 5024 -5 029.

Das P K, Deslayriers P I, Fahey D R. Photodegradation and Photo-
stabilization of Poly ( P-phenylene Sulfide). . UV Induced Physi-

Beijing:

cochemical Changes[ J]. Polymer Degradation and Stability,

1995, 48(1): 11 -23.
Das P K, Deslayriers P J, Fahey D R. Photostabilization of
Poly ( P-phenylene Sulfide) [J].
Stability, 1995, 48(1): 1 - 10.
Dongli Fiber Research Institute ( China) Co. , Ltd. (% W{
YW BT (R ) AR F ). A Polyphenylene Sulfide
Filament and Its Processing Method ( — Tt 5% 2% % Bk £F 4 J
HA = J73%) . China, CN201010557651.2[ P]. 2010 -
05 -30.
Dongli Fiber Research Institute ( China) Co. , Ltd. (% Wi
ARSI (R E ) A R/A T ). A Light Fastness Polyphe-
nylene Sulfide Filament( — Fpit Y1 A BE LT 4E ) . Chi-
na, CN201110186531.0[ P]. 2012 - 12 -26.
Liu Ting( X %), Chen Yanmo( JEEEKL) , Zhu Meifang ( 4
335). MR PPS L 4R EEIIISELT]. China Syn-
thetic Fiber Industry( £ REF4E ), 2008, 3(31): 8 —11.
Wang Xiao( £ %), Liu Pengqing( X% ), Wang Sheng
(E Tb), etal. DK TiO,/PPS ILIRETLE [ 454 K i 25 5b
ZALPERE [ J]. China Synthetic Fiber Industry (£ 1R 2T 4k T.
M), 2012, 35(4): 20 -23.
Wang Sheng( F  F}), Liu Pengqing( X 47% ), Ye Guang-
dou(M363F) . JR BBkt PPS SR 41 REBFSE (1], China Syn-
thetic Fiber Industry (4 BEF4E ) , 2010, 33(3): 5 -38.
Zhang Zhonghou, Zhu Meifang, Chen Yanmo, et al. UV Light

Polymer Degradation and



490

Hh A e i

433 %

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Degradation of Poly ( Phenylene Sulfide ) /Nano-CeO, Composites
[ C1//Proceedings of 2007 International Conference on Advanced
Fibers and Polymer Materials. Beijing: Chemical Industry Press,
2007.

Sheng Xiangqian ( B [f] §if ) , Zhang Ruiping (5K 5 ), Ni-
uMei( 24 #F), et al. Wy #% PPS LM HEPERERYBESE [T ].
Technical Textiles( PNV FHZZ ), 2011, 2. 23 -26.

Zhu Wanshan (# J7 111 ), Zhu Chengzhen ( # i ¥ ), Zhao
Yuping (B E ). Hi% PPS(PPS) LR 4E w58 5T & [T ].
Nonwovens (EL AT ), 2007, 6(15) . 28 -30.
Mohammed Naffakh, Ana M Diez-Pascual, Carlos Marco, et al.
Morphology and Thermal Properties of Novel Poly ( Phenylene
Sulfide) Hybrid Nanocomposites Based on Single-Walled Car-
bon Nanotubes and Inorganic Fullerene-Like WS, Nanoparticles
[J]. Journal of Materials Chemistry, 2012, 22. 1 418 -
1425.

Zhu Meifang( 43555 ) , Meng Si(# 1), Zhang Xuzhen (5K
Ji8%) , et al. Diatomite Supported Copper Filled Heat Resistant
Polyphenylene Sulfide Filament & Its Processing and Application
(T 8 2300 g SR 17 i 4 8 508 238 i < 22 % CHL ) R,
J): China, CN201210179721.4[P]. 2012 -06 - 01.

Zhu Huaiyuan ( RF42) , Yu Xinghai (43 2% ), Ni Xiuyuan
(RFETC) . PPS Rk — ALt M 8 B SR IR 25 S 3l
2%[J]. Polymer Materials Science & Engineering ( 15 73§ ¥ ¥}
B2 5 T8), 2006, 22(6): 103 - 105.

Zhu Huaiyuan( RPFIE) , Yu Xinghai ( 432%#F ), Ni Xiuyuan
(RF5EIL) . PPS/AIAK — S AL RE ST & B il 45 IR 45 & 3D
NN SR T]. Journal of Functional Polymers ( TJ)
BERE 0 F2#4) , 2005, 18: 635 —641.

OUYang Fen( [KBHZY) , Zhang Yu( 5K Fi), Run Bo( [H
W), et al. PPS/CaCO; KA ARHNES i AT e 375 1240t
5[ J]. Synthetic Technology and Application (4 B{H: AR 5 1
), 2007, 22(4): 5-7.

Naffakh M, Marco C, Gomez M A, et al. Unique Isothermal
Crystallization Behavior of Novel Polyphenylene Sulfide/Inor-

ganic Fullerene-like WS (2) Nanocomposites [ J]. Journal of

Physical Chemistry B, 2008, 112(47) . 14 819 — 14 828.

[25]

[26]

[27]

[29]

[30]

[31]

[32]

[33]

Naffakh M, Marco C, Gomez M A, et al. Use of Inorganic
Fullerene-Like WS, to Produce New High-Performance Poly-
phenylene Sulfide Nanocomposites: Role of the Nanoparticle
Concentration [ J]. Journal of Physical Chemistry B, 2009,
113(30): 10 104 —10 111.
Song Liping( K25%-) , Dong Zhizhi( #2812 ) , Zhang Zhiying
(FRFEIE) , et al. PPS LEGWFSBAR[T]. Materials Review
(B RHF4R) , 2010, 24(15) . 81 -84.
Wu Sidie( % E ) , Lan Jianwu( 228 #), Wang Xinlei ( F
BiTE). PPSIAERSL Wah J12%[1]. China Synthetic Fiber
Industry (45 REFHET) , 2011, 34(3): 14 -16.
Jiang Shengling, Gu Xiaoyu, Zhang Zhiyuan. Nucleation Effect
of Hydroxyl-Purified Multiwalled Carbon Nanotubes in Poly ( p-
phenylene sulfide) Composites[ J]. Journal of Applied Polymer
Science, 2013, 127(1) . 224 -229.
Diacuteez-Pascual A M, Naffakh M. Towards the Development of
Poly( phenylene sulphide) Based Nanocomposites with Enhanced
Mechanical, Electrical and Tribological Properties[ J]. Materials
Chemistry and Physics, 2012, 135(2 -3) ; 348 - 357.
Fu Sirui (f§ f8%%), Yang Jinghui (#7##1% ), Fu Qiang (
). BRADKAT S E PPS 5 25 27 4E (9 45 H 5 PERE R TS [T ].
Acta Polymerica Sinica (&5 F24), 2012(3) . 344 -350.
Wang Zhengzhi( E1EH) , Gu Ping(%  #). 40RESMHE
FEBPEBIMERENT SR [J]. Lubrication Engineering (8 ¥
Ha#gdt), 2009, 34(5): 109 - 114.
Bahadur S, Sunkara C. Effect of Transfer Film Structure, Com-
position and Bonding on the Tribological Behavior of Polypheny-
lene Sulfide Filled with Nano Particles of TiO, , ZnO, CuO and
SiC[J]. Wear, 2005, 258(9): 1411 -1 421.
Cho M H, Bahadur S. Study of the Tribological Synergistic
Effects in Nano CuO-Filled and Fiber-Reinforced Polyphenylene
Sulfide Composites [ J]. Wear, 2005, 258 (5 - 6): 835
- 845.
Schwartz C J, Bahadur C. Studies on the Tribological Behavior
and Transfer Film-Counterface Bond Strength for Polyphenylene
Sulfide Filled with Nanoscale Alumina Particles [ J]. Wear,
2000, 237(2): 261 —273.



