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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.

Keywords: Plasma surface treatment, IMS, FESEM, PAN fiber, morphology

1. A = znpAe], Zeh=nf 18 (grafting) ¥ o=
s AR 7 Ak v w Zebxw)
AL o=k 239 95, b d7EE FH s nREAgd ghozs A7)
R BstoRE, BAl, FAA SO AFECR Q1 e ofm kAL AAE FR ALEET 9O
& ool Al We APTAE FUT oy =g clzme BggU) Aol Tap=nA
?r. AF7FE ool A Eef=ukA ﬂ,#i_i‘%lﬂo*ﬁ g Aol 8} ahaSo] Zeubu] %] oky B Aol vlE
A, AL 2AF T3 A2 Zj’i].ﬁ_i‘?iﬂﬂ = A== o3k J{E%“J(sputtermg)ﬂﬁ)oi T
— - - o= E Rl 2=
ofyel Ao FUAALE Aojat] 7sAHE AN 7= B ow ]Q—ﬂ olt}. olu A¥A
& 4 7] g e A7t Ha gow S reo
Ao Fl3e] 9] o =3l olol= 7k o] H HuaEe 1y3y AR JoldAY, gy
[e) oS Mg = al
Hfr7keel QlolA mf-9- FojolE ztal 9l Ae] e 9o WATS A A &
o o]F & d)mA] AgE7e] AM Al o < 2] M= wkgsto] 7t deS Y & -
3 Oﬂ,\ﬂ/] X}tﬂﬁ( 2142 4] v/]\__/’:/\(-)], o] & w34 3} = 37 9 J‘Eﬂ(ﬂ ]‘7]1/]— ?]'_‘_ﬂ-_]éﬂg]’ ¥4,
ae 7]#/“,] 74, }%_5 A ozmen A o 4718 AEAZ 5 o, B 9

Wi
=

Sho] W3% ol g% TBRTEZF o) §H &

i
Stk el A ST}, Wk ohuet Mol Ew

RCAE 2
o]

SATAGE A% A Eetmrte] oge B

*Corresponding author. Tel: +82-55-2659; Fax: +82-55-2655; e-mail: se02659@kyungnam.ac.kr

J. of the Korean Soc. of Dyers and Finishers, Vol. 19, No. 1(2007. 2) / 45



| J 46

MNAE gk AZetznbd e = Afaded o

sto] 4= wlo] A& Zlofol gk =gk y ] A E Ao

T 9Ee 7AA G 508 2ta 7] Wi
FH/AEWOoRE R A E Fojst 5= 9
TbEHo A FEEL Qi) g ofadA

=

AR ShbRA Afde 2 v

¢

ol

e

& AAstaL glon, 44 hAd Y ugster
FAgol 958 gl nn ALEHY 5
FEEo] AT EAE T o] &H L 3l
= =2doth. ey ZEkxubA el <3 xH
TbEAdTE g @A ¢k Aol gtk
ZhA o] AT e oA YA FE ol 3} As
o] AeZezvtE A e v Afade 2E

ZA o] Wstel Afradsel EAEe] WstE
ZAAMAPAAL A W] 7 (field emission scaning micro-
scope, ©|3} FESEM)¥ Fourier-transform infrared
microspectroscopy(©]3t IMS)S ©]-&3ste FA}
ForA Zetznks o] &3 ofAEAfe Y
7heell WE 54 Ffrataatstgith. FESEM
2 15nme] LRSI A4 H A mEA EAo
2 Qlato] RERX AT Y B2 deA

o, IMSE AlmEH ARG Ao
NS o g30] NnE AT BN FH
FREAS @ 5 dE FHS 21 U
2. 4 o

21 WA B SezelwAs

o AHIA AHE Eepzebre g ol
U = o A B A9 22, o] 75em,
9]7 3.8cmQl FHF | Pyrexihs-7]¢} Eet=m

=]

Electric, ST-350)$} o17]o] dAZ¥ ¥&F A
(LC-500), 274 7](MKS MFC1159), 45547
(MKS Baratron), =H 2% %1333 (Welch Model
No.1400) 2 7% Aoty Zeh=nixd
NAE S8t AHEE 7L ok HAR(97% 9
acrylonitrile?} 3%<] methylacrylate)& AFH8-3}S1
o} EetzubA o] AREE T e E(99.9%)
9] opZ sy} qkholn, Hz|2AE AR A7
E MR AZ % 2m A7IR AWt FRY W
&7 Wl dar 7)o & wkg7]el] 2=
TE 52 WAl fAske] vhg7] W
10mTorr ©]8}7HA] wj7]§ th5 A 2 afar
ThaElEE EE AR AT &

o] -
A -
=
=

o}

222y of

KN
=
=
i

ros

46 / St=FMIIZEEIX MI197 H1=(2007. 2)

FAE 2Hsto] 40W, 240mTorre] Zef=vbi
AxzdelA 1, 3 B 523 A skl
Eokznp Ae] Aol 9ol Al WEHY
o] 2t Foll A vacuum-UV(VUV) A %9
M| Fold = glomz zpejae] gk o
g A e W dskglh o] A2 AedE
FIA7IE A7 1em, T 2mme] LiF A8 (A
atoff 104nm)S Al el F31 240mTorr, 40W¢]
A 53t AhaEetzviA g 24 7HEskeA T LiF
A7 Crystaltechno(2] Al el A -9 33t

=

~

-

22 ¥HEA W A At

EopznpA el whE ol EA T HS tigk v
AREA£0] WSk IMS(IRscopel,
A ER] O] A5 Folo], 30
FESEM(Hitachi $4200)5 ©]-8-3to ZAlsI{th

oA Fo Zek=nbA el Ao AdE Ao
2 oy Z7}(fragment) B S-S Aol Y
A AR A B etr] AellM v H A A st
AP PM3 Method(Parameterization 3 Method)
=24 A de Axtslth Atel ARgd et
HH= g3A A9, @3, RHF(restricted
Hartree-Fock)ol™  A&ASl ZA5ol= A4,
UHF (unrestricted Hartree-Fock)©]™, 32343}
£ #3141+ Polak-Ribiere optimizers AH8-3)2o.H
FHEA 0.0010] ATt

3. 2 gl

3.1

Fig. 13} Fig. 2& c}adAlfr&
AaR SRtz e W RERA Y] WEE
UE = FESEMARZIOJH. o] 7]ofl A A= 1] A €]
A&, B, C @ DE Z+ZF 240mTorr, 40Well A 1,
3, 5wt 747f opmta} Abaw SehvbA e
ARE YERTh o]E ARE] dedh WA
ZehzvpA ol s FHe] ezt AAEHA
gepslon, Hoje F 7px e s wEd
itk AAlE A ARt gk adtoln], EAl=
Zehznt 2ol @3k Afolott,

A Aol g makEA, ofEEEt=rkA g
ol A%, 1% AYAEE 5He Wsts Helx ¢
ARk Mg Aol F7hEk 3] Aol A2 T
gEol wol e YEhiaL stk A Azte]
U 78 5 AlR9 Agels el ot

=

ARZERA]



M2ZctE0tA 2|0l 2let ZCi0IaEZLIEE

[¢]

FH
e
=
2t

2l KSDF|

2717y 2A STk, A
THEel YehdE &
& UEhlE A e W
Askar et dnbA o uga
& Foksly] el oh2EE
oAt QL -t ool
3 G AA4 Foel AT
AagepzniA e Ao ddd ¢ ole
HRek o] A2 Agke] SrhshH el 47
7b A S7reE BelFaL 9tk 1Ey Fig,
AhEEhzvle] o3 mERA = of2 &
zrpA e e B4k A APk wE HelFa
Atk ataEet=nke] Ag-el= Fig. 29 BolA
2 7 %ol 1w AEstel s g2 219 of
Ak t2d wHe RERA7L A3
Aol 7k e vEblaL glvk A Agte] S7be
of mEhA ol gt A v FElo] UEhA
3¢ AN RO PHA FEE ] v E AA
B =248 dEhlE A gL FeE 2t
L, A Aol S Sk 5% A AE (D)
Bl B AT o] 2 7]e] stde] 99
o 7 ¥dE gl Ao Bas

1o

|
|

IS IE=1
%W olzmA sl A9l e L nel
F3 Qleh Wby ol ARe AelAe &
3} olelolE Fejxe} FRol W 47777t

:}L

ME vdads S dHo® Yeda lta
g Sl

Atz o s A2Zehzrke] ouyA= ¢ 15
vV el ol f7]sketEe] Aghs FA
T A= dyAel st 58 AFE 3
AEAZH | of=ZtEehznbA g st Ar'ol
o] Ee4 29l osiA £l e shetA
o] ¥ F2 FAARE wol A 2z}
Z}-8-(ablation)©] ¥ofdo] Yasuda¥e] Aol 2
BRI = PSR

W] AbAZ ekl Z9-ol= ion bombard-
ment ©]9]ol] AHAAxte] shehA Ag o g9
"3, 5, PH(polymer) + O — P+ + - OH$} &2
Hhes doit) webs ofzEIelznlel] ol
FHAe= 24 7197 7 1Y AdaEd=
A e ek 7197F S fvar & 4 9l

g9, Zefznketa SebkzvbA e &
odte BAHTELS o2, AR, AVIEHY F
(excited neutral) Golth. <t A5l wp=H
160 nm©] 8+ VUV(100nm < A <200 nm)ZAF7}

¢}

fo ot gy

o)

2.5 v WERLak P S0ne

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, D: 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.
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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 at 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

argon-plasma treated PAN fiber

characteristic band | pristine PAN fiber

1 min. 3 min. 5 min.
C-H str. 1 1 1 1
C=N str. 1.53 1.53 1.58 1.55
C=0 str. 1.66 1.71 1.65 1.65

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

characteristic band

oxygen-plasma treated PAN fiber

pristine PAN fiber 1 min. 3 min. 5 min.
C-H str. 1 1 1 1
C=N str, 153 141 153 145
C=0 str. 166 151 148 154
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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
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