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Abstract — We investigated the possibility of introducing functional groups without damaging surface polymeric
chains through the treatment of a polypropylene(PP) film immersed in liquid phase using an atmospheric pressure
plasma with large area. The ionic liquid of 1-butyl-3-methylimidazolium tetrafluoroborate: [BMIM][BF,]” was success-
fully applied for generating stable plasmas in the plasma-solution system. We successfully treated the film surface using
the plasma-solution system and confirmed various oxygen-containing functional groups formed on the surface of PP
film. The surface free energy of PP film was increased with increasing plasma treatment time and power. It also showed
a maximum value at the PP sample treated in the ionic liquid solution of 1.5 M. ATR-FTIR analyses revealed the
increase of various carbonyl groups(1,726 cm™, 1,643 cm™) and OH groups(3,100~3,500 cm™) after plasma treatment
of PP film, and XPS also supported the ATR-FTIR result.
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Fig. 1. Schematic diagram of plasma-solution system.
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Fig. 2. Typical photographs of ionic liquid solution color (Left: the
pristine ionic liquid, Right: the ionic liquid solution after
plasma treatment).

HA FE IM o W), FgA o r Zepznts wAE 4= QIgich
I Aol AREE RF-Z2k2mh A2ARRS 250 W g Se7k4] wid
& TV 7 QI 0]/ AA) 89 FEE 1, 1.5, 2 ME
ARSI AL, ofu] Eetzvls ePgR o2 HAYE|QIL). o] A
o] FEAF YR S (< 1 M), T7I90] oA AArT) )
Hog o F5v|el AFsldo 7 REEE Zeprle] BEE
7re] =7HA REg-0 % Qlsto] Eebmte] S2-97} Alebxlth. Fig. 2
= Eotzrt A A5 o]/ dA|e] A WskE HofFea1 Qlrt. o]
= TolUR] Zefzmt o] 250] A sEHelN A2 A7 B4
BPHA o]F0] 0]2/d AA|| 8N O F FAl(irradiation)=| o] ]2
A2 UK T2} R E o] Pojuh= o ® Eepzal At
o] Aigol] whzha] o] A A 482 ZE gk O 7 W3hH, o]
2 st Mgl Eear P Eet=rpt A=A, =T
o ATEE 22 AYE Byt vl Qloh15]. Eek=vt A A%
o2 AL FTIRZ w43t A= Fig. 39 ZAISISITE 190
A 12 Fgpzvl 27| M2 oA diAl|e] AFE- |, 2= X7
o]F9] ~HEHolc), T R ¥ OH-13(3,000~3,700

2
150

X

o)

=

S 100 1

B

£

2

S

H
50

T T T T T T T T T T T T T 1
4000 3500 3000 2500 2000 1500 1000 500
Wave number, cm'1

Fig. 3. FTIR spectra of original ionic liquid solution (1) and ionic
liquid solution after plasma treatment (2).
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Fig. 4. The change of water contact angle with respect to plasma treat-
ment time. 1 M [BMIM]*[BF,]|™ solution. Plasma power of
200 W.

Table 1. Surface free energy (y), polar component (y,), dispersion component (y,)

Treatment condition Water  Ethylene glycol ~ Polar component (mN/m?)  Dispersion component (mN/m?)  Surface free energy (mN/m?)
Untreated 104.6 872 1.56 13.42 14.98
1L, 200W, 1M, 50 min 91.5 71.7 424 17.55 21.79

Korean Chem. Eng. Res., Vol. 49, No. 3, June, 2011



274 Eg AA] -

1154

1104

1054

100

Contact angle, ©
Nel
T

\

85

180 200
RF Power, W

Fig. 5. The change of water contact angle with respect to plasma
power. 1 M [BMIM]+[BF4]‘ solution. Plasma treatment time
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Table 2. Atomic percent concentrations of PP samples

Atomic concentration (%)

Sample - e
Carbon  Oxygen  Nitrogen  Silicon
Untreated 86.69 7.23 2.65 343
1L, 200 W, 1 M, 50 min ~ 79.95 11.13 1.61 7.31

Table 3. Percent peak area of XPS Cls core level spectra of PP samples

Concentration of chemical groups (%)

Sample

CH, C-O O0=C-O
Original PP 90.96 6.48 2.56
Treated PP 87.84 9.64 2.52
Peak (eV) 285 286.2 288.6
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