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Abstract: Methods to prepare heat-resistant, electrically conductive PAN films and fibers which maintain their electric
conductivity at high temperatures have been studied. Modified PAN (tPAN) films which contained amino and hydroxyl
groups and exhibited a high dimensional stability were obtained first by a pretreatment of PAN films with hydroxylamine
(HA)/hydrazine solution. Then the tPAN films were coated with copper sulfide (CuS) in an aqueous solution of copper
sulfate and sodium thiosulfate. Surface resistance tests of the CuS-tPAN films obtained at various conditions showed that
they exhibited better electrical conductivity compared to CuS-PAN films. They maintained their electrical conductivity
at temperatures above 200 °C, while CuS-PAN film did not. Energy dispersive X-ray spectroscopy analysis revealed that
the loss of electrical conductivity arose from the oxidation of the samples at high temperatures. Electrically conductive
CuS-tPAN fibers with a flame retardant property were also prepared using the same method of HA/hydrazine pre-

treatment, followed by CuS coating.

Keywords: polyacrylonitrile (PAN), film and fiber, hydroxylamine/hydrazine pretreatment, copper sulfide coating, heat-

resistant, electrical conductivity.
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Figure 1. Changes in surface resistance of PAN films according to
pH of coating treatment solution. Treated at 80 °C for 80 min with
solutions of 20% CuSO, and 20% Na,S,0;. Samples for coating: (a)
HA/hydrazine pretreated PAN film; (b) untreated PAN film.
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Figure 2. Changes in the surface resistance of PAN films according
to coating treatment time. Treated at 80 °C with solutions of pH 1,
20% CuSO,, and 20% Na,S,0;. Samples for coating: (a) HA/hydra-
zine pretreated PAN film; (b) untreated PAN film.
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Figure 3. Changes in the surface resistance of PAN films according

to coating treatment temperature. Treated for 80 min with solutions

of pH 1, 20% CuSO,, and 20% Na,S,0;. Samples for coating: (a)

HA/hydrazine pretreated PAN film; (b) untreated PAN film.
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Figure 4. Changes in the surface resistance of PAN films according
to CuSO, concentration of coating treatment solution. Treated at
80 °C for 80 min with solutions of pH 1 and 20% Na,S,0;. Samples
for coating: (a) HA/hydrazine pretreated PAN film; (b) untreated
PAN film.

o). SR G DR @ A%
HE5E Qdojl AREe] ENAG
Aele] BE7} 20%owh oo R Hw
e G VRN olm) AX3A ek PAN L A
Bt 70 SES Holtehe 500usq oSl e U

Polymer(Korea), Vol. 39, No. 4, 2015



672

400

200 1

(b)

Surface resistance (€¥/sq)

100 + (a

5 10 15 20 25 30 35

Concentration of Na,S,0, (%, owf)

Figure 5. Changes in the surface resistance of PAN films according
to Na,S,0; concentration of coating treatment solution. Treated at
80 °C for 80 min with solutions of pH 1 and 20% CuSO,. Samples
for coating: (a) HA/hydrazine pretreated PAN film; (b) untreated
PAN film.
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Figure 6. Changes in the surface resistance of PAN films according
to CuSO, and Na,S,0; (1:1) concentration of coating treatment
solution. Treated at 80 °C for 80 min with solutions of pH 1. Sam-
ples for coating: (a) HA/hydrazine pretreated PAN film; (b)
untreated PAN film.
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Figure 7. TGA curves of the PAN films: (a) untreated PAN film; (b)
CuS-PAN film; (¢) CuS-tPAN film.
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Figure 10. FE-SEM images of the CuS-coated PAN films: (A) CuS-
PAN film; (B) CuS-PAN film annealed at 220 °C for 30 min; (C)
CuS-tPAN film; (D) CuS-tPAN film annealed at 220 °C for 30 min.
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Figure 11. EDS spectra of (A) CuS-PAN film; (B) CuS-PAN film
annealed at 220 °C for 30 min; (C) CuS-tPAN film; (D) CuS-tPAN
film annealed at 220 °C for 30 min.
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Figure 12. SEM images of (A) untreated PAN fiber; (B) CuS-tPAN
fiber.
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Figure 13. TGA curves of PAN fibers: (a) untreated PAN fiber; (b-
d) CuS-tPAN fibers treated with CuSO, and Na,S,0j; solution of (b)
10; (c) 20; (d) 30%(owf).
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