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Abstract: Effects of the heat treatment at 220 °C for up to 17 days on the microstructure of poly(phenylene sulfide) (PPS)
films prepared by melt compression of virgin PPS resins of high linearity were analyzed by using color difference ana-
lyzer, X-ray photoelectron spectroscope (XPS), FTIR spectrometer, difference scanning calorimeter, and X-ray dif-
fractometer. As the heat treatment time increased, the color of the PPS film gradually turned brown and the color
difference between heat-treated and untreated sample increased. XPS and FTIR analysis confirmed that heat treatment
caused thermal oxidation, followed by cross-linking of the PPS chains. The heat treatment moved the first melting tem-
perature during the first DSC heating scan to a higher temperature while the second melting temperature remained almost
constant. However, the melt crystallization temperature during the cooling scan was lowered by heat treatment. Although
the heat of melting increased and the heat of melt crystallization decreased with the heat-treatment time, the crystal struc-
ture of PPS was not affected by the heat treatment.

Keywords: poly(phenylene sulfide) film, heat treatment, microstructure, color difference, X-ray photoelectron spec-
troscopy.
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Figure 1. Pictures of the PPS films heat treated at 220 °C for (a) 0
(amorphous, untreated); (b) 1; (¢) 3; (d) 5; (e) 7; () 9; (g) 17 days.
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Scheme 1. Three types of reaction of PPS during thermal curing
process.>s
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Scheme 2. Chain extension or cross-linking mechanisms of PPS
during thermal oxidation.”

Table 1. Color Values (L, a, b) and Color Differences (AE) of
the PPS Films Heat Treated at 220 °C for Various Times

Heat treatment

time (day) L a b AE

0* 88.57 3.62 18.66

1 68.81 14.66 32.95 26.77
3 64.89 16.04 28.24 28.40
5 63.38 16.69 26.77 29.51
7 58.47 15.15 21.51 32.36
10 60.22 15.41 22.04 30.89
17 41.07 3.43 2.83 50.07

*amorphous, untreated film.

ol gt M3l Aol PPSe ulA|l-E HIE Al
17] 95le], o]5 mdAE] PPS FE ¢ 220 °ColA 7d 2
17¢7F 212X A 8B5S XPSE 243l Figure 201 U}
ERYQITE PPSE EHAe} 3RO 2 o] R0zl FgHER WAl o]
Ao}l 82 6:19] FEH|E o] FaL k. & Allx 4
H "x2] PPS AlE(A)S] Ao} el Hjg-2 o|HT} oft
2 7.08:1% YERNATE FE3 njHA|Fol|A] 4k} A

ogt ¥ A7F YeRAL ], olE T d3e Ex2go
A Abslzkael] os) =AE Akl F3 Al AREE Sl
NMPo|| €]+ 7o 2 Jhetelc) &8 2 oAtol ] ARS-3F PPS 4=
A= AEAF] 4648 $XE AMESIE, diEoz
AL PPS AlX A &2 22oA T & FAIE AR PPS
& AZSARE, AEAkge] A PPS FAE A3 S8l
M W 2xoA B A% HUlste] 2@ A 9REAIA
ZZHE S § 200 FRse] Az o]
St gollA] Eol 9gt Fukgo] dojupr|x Sh=t], Gies 5
28 22] Az A] 2ol ¢Jaf PPS Wt NMP7} 3184 o w2
A%HE e =Rty B usITh gl o] -3t
PPSE SHEANA Sal=A] & A=, Das 5=°
NMPE ARE-§F PPS9| 22318t §HFFo| A F3tel ARS-
H NMP &7} HA®E PPS 4] Woll A5 ] A
FgollA] A A=A oL Fol A "rkal Bausigitt. o2
Al A el SAskE Si(NMPYH BE Alx A FHo=
o)E3] HIHZARANME AbAel H o] g XPS ¥ A7}
U= Aol

SHH, 220 °CollA 74 2 17 EXEAR] EE AEE
XPS ZHEHS B, Aio| gk XPS ¥A7} AR RS
B 5 Qe ol AT dxgel o) g EA)
sk NMP7F 713 =8 E& = A 7L PPS Zetko] dAw
NMP7} Y5 23=07] wjiEoz deten}, 3-8, o]5 XPS
s EY o g XE 73 7} 94 3RS Table 20 VERY
ATH

ol AE F t] AAE] wAlskr] $5hed, Figure 29
XPS 2HE# O 2 HE] B4 (C), 2H42(0), AAN) 2 3KS)
o] XPS ¥|ZE 77} 0|5 YAt 23 7157|E Eelsi
Figure 3 YERAITE. XPS C(1s) == vFeRA Figure 3(A)
£ RBH, uAHZA 5] ¢ 285eVellA] C(1s) ¥ =7 v}
Uz e ole wAge C-C 2 C=C 2l gt
T3 286.0 eVOlA C=09}F C-0 2%l sig=e =7},

[e]

=

0000 SO000 SO0
(A) (B) (C}
. il
40000 | (ls) 40000 8] 40000
Cils)
S 30000 S 30000 S 30000
2 2 3
=] 2 2
£ 20000 4 £ 20000 £ 20000 _
5 ; = : S(2p) E S(2p)
= ol M9 ~ N 1s) 52 . = Ofls) Si25)
10000 —ML-L S(28) S(2p) 10000 LLM |’ Jf 10000 l j
1] e L WL |
0 . i 0 0

B0 Gl 400 200 0 B0 600

Binding energy (eV)

Binding energy (eV)

400 200 0 00 G 40 200 /]

Binding energy (eV)

Figure 2. XPS spectra of the surface of PPS film heat treated at 220 °C for (A) 0 (untreated); (B) 7; (C) 17 days.
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Table 2. Surface Composition of the PPS Films Obtained by
XPS Analysis

Heat treatment time Element (%)
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Figure 3. XPS peaks due to (A) C(1s); (B) O(1s); (C) N(1s); (D) S(2p) of the PPS film heat treated at 220 °C for (a) 0 (untreated); (b) 7;

(c) 17 days.
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Figure 4. FTIR-ATR spectra of the PPS films heat treated at 220 °C

for (a) 0; (b) 1; (¢) 3; (d) 5; () 7; (f) 10; (g) 17 days.

Table 3. IR Band Assignments of PPS"

Band position

(cm) Assignment

1572 C=C stretch in phenylene sulfur
1470 C=C stretch in phenylene sulfur
1386 C=C stretch in phenylene sulfur
1178 C-H in plane bending in phenylene sulfur
1092 C-H deformation in polyphenylenes
1072 Ring-S stretch in phenylene sulfur
1035 S=0 stretch

1008 C-H in plane bending in phenylene sulfur
807 C-H out of bending

807 cm™ F-Zo| A z}zF YElsk o™, polyphenylene®] C-H
deformation Y1= 2 p-phenylene sulfur stretching =+ 7}
7} 10902k 1072 em™el|A] Ve,
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Table 4. Band Ratio of A,p/A;07» Obtained from the FTIR
Spectra of PPS Films Heat Treated at 220°C for Various
Times

Heat treatment ~ Absorbance Absorbance Band ratio
time (day) at 1090 cm’  at 1072 cm’ (A1090/A41072)

0 0.0900 0.0889 1.01

1 0.4209 0.3894 1.08

3 1.0383 1.0402 0.99

5 0.1375 0.1369 1.00

7 0.0895 0.0922 0.97

10 2.1403 2.1722 0.98

17 0.0918 0.0918 1.00
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Figure 6. Changes in (a) 7,15 (b) Twa; (€) Tine; (d) heat of melting
(AH,); (e) heat of melt crystallization (AH,,) of the heat treated
PPS films with increasing annealing time at 220 °C.
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Figure 8. Changes in (A) d-spacing; (B) crystallite size of the PPS
film with increasing heat treatment time at 220 °C.
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