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Surface Modification of Polyacrylonitrile by Low-temperature Plasma
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Abstract— Polyacrylonitrile(PAN) fiber was treated with low-temperature plasmas of argon and oxygen for
surface modification, and its surface chemical structure and morphology were examined by a field emission
scanning electron microscope(FESEM) and a Fourier-transform infrared microspectroscopy(IMS). The argon-plasma
treatment caused the only mechanical effect by sputtering of ion bombardment, whereas the oxygen plasma
brought about a chemical effect on the PAN fiber surface. The experimental evidences strongly suggested that
cyclization of nitrile group and crosslinking were likely to occur in the oxygen-plasma treatment. On the other
hand, with the argon-plasma treatment, numerous tiny pits resulted in ranging from several tens to hundreds
nanometers in radius. The plasma sensitivity of functional groups such as C-H, C=N, and O-C=0 groups in the
PAN fiber was dependent on their chemical nature of bonding in the oxygen-plasma, in which the ester group
was the most sensitive to the plasma. Vacuum-ultraviolet(VUV) radiation emitted during plasma treatment played

no substantial role to alter the surface morphology.
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Fig. 1. FESEM images of PAN fibers treated by
argon-plasma at 240 mTorr, 40W of discharge power.
A pristine PAN fiber, B: treated for 1 min,
C: treated for 3 min, Dt treated for 5 min.

Fig. 2. FESEM images of PAN fibers treated by
oxygen—plasma at 240 mTorr, 40W of discharge power.
A: pristine PAN fiber, B: treated for 1 min,
C: treated for 3 min, D: treated for 5 min.
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Fig. 3. FESEM images of PAN fibers shielded
by LiF crystal from direct plasma attack during
oxygen—plasma treatment for 5 min at 240
mTorr, 40W of discharge power.

HSERH Sohzoie 4yAY 45HEd o
o Aol EHAAY FH 9TE T3ty VUVY
4T BAT + Y8E L 4 900, of 47
A VUV ggo] 2AE £ Q& ofE VUVY
AEA ey gEoz BHU.

32 EEHO FAXHS|

Fig. 4= E2utA o] 9% ofagdHs9
EAUA L2 HEE IMSE 2AG AHEY
< Ugd Relt. oq7]4 A, BYE Cs 47 £
g Ag, of2ZxEe2utAEE AR 183

Egz2uAgE ARE Ugdd. o2 ¢
29 EgzuAEzAcg N HAEETS &
g 9 A A7hE 40W, 240mTorr, 5870 g o
o 183 38 AYA R g3t 2HEHL g5
Aok st gct. _

24 Fig. 49 37}7] 2HEYL v L5ty of
i%ﬁ° FAsE 9 CH, C=N, C=0,
C-O09 A&AFEs Yo CH, FIAFZ S}
z+ 2t 2940, 2240, 1730, 1220 2@ 1450 cm™o]| 4 U
EM th. EE C=0% C-O &4} Yt
< A2 T5Fo A&E methylacrylatee] A &
#ate Aok 2HY EZHRutFF WA
AHEYY G BELE U £ Y& v, B
YA A olZEZEHRUAHAEB)= AR
FYY ujad AojE ALH Al Ho|E
Holx oy gl utHo] AAhE=uAEE A
BEOx= 9 ZEZANA =93 vt} Zo] of
EdE A3 & FAE BHo F1 9o, E
3] 600 - 800, 1500 - 1600 ¥ 3400 - 3800 cm* &
ZolA FEE zo]E BoFm Q. A Azt

48 / = MIIBESIX M192 M1E(2007. 2)

1.2
1.0 1
058 4
0.6 1

0.4 T

Absorbance (a.u.)

0.2 1

0.0 1

Y S G S S S —
40 38 36 34 32 30 28 26 24 22 20 18 16 14 1210 8 6

Wavenum ber ( x 100 cm"1)

A

1.0

0.8

0.6 1

0.4

Absorbance (a.u.)

0.2 1

0.0

0.2 R R
40 38 36 34 32 30 28 26 24 222018 16 14 1210 8 6
Wavenum ber { x 100 cm'1)

B

1.8
1.6 4
1.4 A
1.2 4
1.0 4
0.8 A
0.6
0.4
0.2 A
0.0 A
-0.2

Absorbance (a.u.)

40 38 36 34 32 30 28 26 24 22 20 18 16 14 1210 8 6
Wavenumber ( X 100 cm'1)

C
Fig. 4. IMS spectra of PAN fiber.
A : pristine PAN fiber, B : treated by argon-plasma for
5 min at 240 mTorr, 40 W of discharge power, C :
treated by oxygen—plasma for 5 min af 240 mTorr, 40
W of discharge power.
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Table 1. Relative intensities of characteristic bands of PAN fibers treated by argon—plasma

characteristic band

pristine PAN fiber

argon-plasma treated PAN fiber

1 min. 3 min. 5 min.
C-H str. 1 1 1 1
C=N str. 1.53 153 1.58 1.55
C=0 str. 1.66 171 1.65 1.65

Table 2. Relative intensities of characteristic bands of PAN fibers treated by oxygen—plasma

characteristic band

pristine PAN fiber

oxygen-plasma treated PAN fiber

1 min. 3 min. 5 min.
C-H str. 1 1 1 1
C=N str. 1.53 1.41 1.53 1.45
C=0 str. 1.66 1.51 1.48 1.54
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Fig. 5. Heat of formation of fragmentation of methyl 4-cyanopentanoate as a model compound
of PAN fiber calculated by semi-empirical PM3 method.
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Fig. 6. Heats of formation of fragmentation of 1,3-dicyanobutane as a dimer of PAN fiber.
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Table 3. The C=N stretching band shift of PAN fibers with plasma treatment time

plasma treatment nitrile band shift with plasma treatment time
0 min 1 min 3min | 5 min
argon-plasma 22428 cm’™ 22428 cm™ 22428 cm’™ 2242.8 cm’
oxygen-plasma 22428 cm’ 22428 cm’ 22544 cm’ 2256.4 cm’
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