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Fabrication and Applications of Polyphenylene Sulfide (PPS)
Composites: A Short Review

Minsik Choi*'**, Jungrok Lee*, Seongwoo Ryu**, Bon-Cheol Ku*'

ABSTRACT: Polyphenylene sulfide (PPS) is a semi-crystalline engineering thermoplastic resin that has outstanding
thermal stability, mechanical strength, inherent flame retardancy, chemical resistance, and electrical properties. Due to
these outstanding properties, it is preferred as a matrix for composite materials. Many studies have been conducted to
produce composites with carbon fibers and glass fibers to improve mechanical properties and provide functionality of
PPS. In this review paper, we report a brief introduction to the fabrication and applications of PPS composites with
carbon nanotubes, graphene, carbon fibers, and glass fibers.
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Table 1. Physical properties of PPS

Physical properties Values

Density (r) 1.35g-cm™
Melting temperature (T,) 280°C
Dielectric strength 22-28 kV mm™
Coefficient of thermal expansion 51.6 (< Tg),
(x10°/°C) 97.9 (> T,)
Thermal conductivity (k) 0.22 W (m-K)™*
Electrical conductivity (S-cm™) 1.5x 10 S-cm™
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Table 2. PPS resin manufacturer and trade name
Company Trade name Total capacity etc.
> 10,000 t _— . . ® .
Solvay Ryton (200 Sc))n/yr In 2015, Chevron Phillips Chemical acquired Ryton® PPS business
7,000 t
Tosoh Susteel g (20 Og))n/yr PPS production mainly used in automotive applications
DIC Corporation DIC-PPS 20,000 ton/yr P.rod.uction of PPS i§ expected to increase by 3,000 ton/yr through expan-
sion in North America
Toray Torelina 20,000 ton/yr The cor.npany plags to invest in Gunsan plant in Korea by 2021 to increase
PPS resin production
> 19,000 t: . .
Fortron Industries LLC Fortron (2005?n/yr Founded in 1992, a joint venture between Celanese and Kureha
Initz Ecotran 10,000 ton/vr Founded in 2013, SK Chemical and Teijin are joint ventures
(SK Chemicals) ’ ¥ Currently, SK chemicals produces PPS alone
DSM NHU Engi i
Plasﬁllgslneel‘lng Xytron 15,000 ton/yr | A joint venture between Royal DSM and NHU, founded in 2016
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2.2.1 PPS-CNT composites
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Fig. 5. Schematic of the fabrication of the s-CNT/PPS composite.
Reproduced with permission [29]
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Fig. 6. (a) EMI SE as a function of frequency (X-band) for the s-CNT/PPS and r-CNT/PPS composites with various CNT contents (b) Com-
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permission [29]



Fabrication and Applications of Polyphenylene Sulfide (PPS) Composites: A Short Review 95

ol Mg WALA] QL ASS olABkE] A9 Aot FAE  AlRo] Zk2} 32%, 30% ZFSHe 212 BHels 4 glek. ol
PPS 4162 A|Z5HH23), 3 271 2241 30] 7 (SEM) 9 energy-dispersive X-ray
spectroscopy(EDX) W3 H.41-& =3} PPS/NGO L =23
2.2.2 PPS-Graphene Oxide(GO) composites o] oty WS JEFozH < 4= 9Jo] PPS njEE
aEE S5 24 e w2 Aol W 2o F ZAk NGO 7] Q1 A ojrt[34].
Ay 5o 5408 Qs AZA Aret Sewsy] aYd 2 dutH oz vt =da oz Qs 47
oF W2 Arso] AyHRTH30-33]. 71 F HT djwE  AY] SAEY] g2l A wiE ] 2 A7) of
Q=22 a7k va3t gt Hr}. Fig. 83} gro] PPS= Z1fsof 7]5ehE 7 1d

Al o]F%t a2 AFSk 129 (Graphene oxide,GO) I} A& 282 fto A el o EAMI S A 5
o LHel 265 7] 5-815k0] PPS9} Batstat 1S Wust  9Irk. o] @A HSo] % PPS/expanded graphite(EG) HEA]
ATHFig. 7). YU E6= PPSet 7| Al A 02 Sl == A = &5 PPSQ} H|asto] PPS E3HA| 9] A4 do] =LA 57}
O 7 dHRl A= F2 ofu|=8, PPS jEE 0] 0.03 wt% Sto] =2 M=AJ(1.17 S/m) 9 7| A4 71 (1.3 GPa)& |
9] nylon 6 grafted GO(NGO)E F7|s1H AR o} whct eFich35].

Graphene oxide (GO) Nylon6 grafted graphene oxide (NGO)

; O IR
melt blending, 290 °C, 5 min ‘ & ’.’ "\afl\k\i

WA GO -~ :Graftednylon6 \ﬁ ‘NGO o :PPS

Fig. 7. Synthetic routes to (a) nylon 6 grafted graphene oxide (NGO) and (b) poly(phenylene sulfide)/nylon 6 grafted graphene oxide
(PPS/ NGO) nanocomposite. Reproduced with permission [34]

Fig. 8. The interaction between PPS and EG. Reproduced with permission [35]
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2.2.3 PPS-CF Composites
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composites. Reproduced with permission [38]
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Fig. 10. (a) Self-manufactured electrophoresis equipment and (b) schematic of the designed and fabricated electrophoresis system to
provide continuous treatment to CFs. Reproduced with permission [39
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Table 3. Properties of PPS and its Reinforced Composites [44]

Table 4. DOE targets for bipolar plates [45]

Branched PPS Linear PPS Characteristic Units 2020 Targets
Properties Neat | 40% | Neat | 40% Cost $/kW, o, 3

PPS |GF-PPS| PPS | GF-PPS Plate weight Kg/kW,, 0.4
Density (g/cm”) 1.3 1.67 1.35 1.66 Plate H, permeation Std cm?/(sec cm*Pa)@ »
Tensile strength (MPa) 67 121 85 196 coefficient 80°C, 3 atm, 100% RH <1.3x10
Elongation at break (%) 1.6 1.3 27 2.2 Corrosion mA/cm? <1
Flexural strength (MPa) 98 179 142 255 Electrical conductivity S/cm >100
Flexural modulus (GPa) 3.8 11.9 3.9 13.2 Areal specific resistance Ohm cm? <0.01
Impact strength (kJ/m?) - - - - Flexural strength MPa >25
Notched 2.7 6.9 1.8 9.8 Forming elongation % 40
Unnotched 11 24.5 95.1 47.1
Rockwell hardness (R) 123 123 100 (M)
Water adsorption (wt%) | <0.02 | <0.05 | 0.02 | 0.015 PPSE T3l AlxE EdA= Lo FHEs 24 wet
Volume resistivity x10™ 45 n L6 L6 FERY Fac A o AVHAEES} =235 =Y
(Q-cm) & FE 5 UdeS Belon, AgakE viE e £
Dielectric constant (10° Hz)| 3.2 3.8 3.6 4.6 o] gl Y& AE W 9 =0 vk Ky o] =&

3], 2= PPS/GFe} H|mslo] 1A} w, o8, 23 74e u
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2] 5o AHE= e, UAAE, A Eofof f
3 7hts| azfstara}; gt
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2] (Bipolar plate)>- A& 4] gl ulele] Fof Qlof 5
8 T84 T shuolt). of2Rt Eelue A7) A=A, ¢
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Fig. 12. Oxygen limit index (LOI) and heat release capacity
(HRC) of commercialized polymers
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7F ATH[55]. SHA| e E o] % PPS H9lAl= Epoxy S4B
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