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Abstract — This study investigated the surface characteristics of polylactic acid (PLA) film after one atmospheric pres-
sure plasma treatment. We used de-ionized water and diiodomethane as polar and non-polar solvents, respectively, for
measuring contact angles, and subsequently calculated the surface free energy of PLA film. The contact angle and free
energy of PLA surface were optimized at the treatment time of 30 sec, RF-power of 70 W, Ar gas flow rate of 6 Ipm and
air exposure time of 5 min. We analyzed the change of chemical functional groups on the surface of PLA film through
XPS and were able to observe the change of polar functional groups such as -C=0, —CO, -COO on the surface of PLA
film after one atmospheric pressure plasma treatment.
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B Aol PLA 55 WY Ekzmks ol 838te] Eek= 2-3. 2 #HXIRULX] S5
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e A% WgR FaAEet & SA el £ 754 gl Znk A7) A &, 8|3 Eeket A o] 22 AlFe Alse]
Diiodomethane©. % ¥ ZS%Z} 7510, TAAFOIUAE T %718 57519k PLA & IS f2] & flol] AES F=9=
sliom, ’E}Z”]' A A, & J2ja Fem A AlES £ A S7gslol 1 BagkE AEe] Bt A5 R Aalgivh 152 54
235t 3] ¥ x-ray photoelectron spectroscopy(XPS)E A3} Alef] S 2mll9] de-ionized water®} H]=d €1l?] diiodomethane
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2002D |t} =43 ofel] Table 19| VFERISICE, 43 Wgko 2 AMES W3S Z2A8H] $18 XPS(AXIS NOVA Tecnai G2 System, United
A2sh= th719t Zek=r) Wk E AMESh7] 9léliA] NatureWorks® Kingdom)E AFE3ItE XPS 4] Alof Chamber®] $F#-- 2.5x107°
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2hznt 9713 30~500 W] W =S 2= 13.56 MHz8] RF sec M0 FTMA ST 7, Skt 2 AR 30 sec U
dor Fetzwms WIATE AL ey ol o= 7} w, 7P 8 SEEATOUA g 7P sk 52 Kol
2nkow 47 Eebzmks WA = glom AeaRht A T AR 30 sec ©fske] A7F HL1ellA 30 secollAe] 3 Aol
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Table 1. Physical and mechanical properties of PLA Al SRR S7kRs As Holal §lout o]z ARt
. . PLA Polymer ASTM Az g 3 25 sy Sohzrle] ot o ow FH o
Physical properties 2002D Method W3} gkl QI8 7 07 AlEE T} Table 32 &7 W3}$) Fig. 1
o yul a4l B4 2.
Speci‘fw Gravity ' 1.24 D794 o] THEAGOIR] MEERE] oF Z= 9= AHH 30 secoll = =
Melt md-ex, g/10 ml'n(210 °C/2.16 kg) 5~7 D1238 AE7ro] 7 e S HOlF T Qa1 T o TREL uAlG
Mechanical properties o= o] ZAIBEe] 7)o X|4:2] © 7 7hadl=ubHo| diiodomethane
Tensile Strength@Break, psi(Mpa) 7,700(53) D882 oo w0
Tensile Yield Strength, psi(Mpa) 8,700(60) D882 of HFAe] AHH o P ow A AU o] oA
Tensile Elongation, % 6.0 D882 o] 710z AA| FAelUA e SV e o ¢ Alvk w
Notched Izod Impact, ft-Ib/in(J/m) 0.24(12.81) D882 ghA], ol FAIRE Bt A Al ZEk=ut gl oJgk 25 3Tt

Table 2. Surface free energy, dispersion, polar components and o,_, coefficients for the probe liquids

Liquid y,(mJ/m?) ¥ (mJ/m?) 2 (mJ/m?) o, ®, 0, Wy
Water 72.8 21.8 51.0
Diiodomethane 50.8 48.5 23
Water and Diiodomethane 1.53 7.80 0.22 3.65

Table 3. The change of contact angle with respect to plasma treatment time

Time(sec) 0 3 5 10 30 60 90 120 150
Water 74.98 59.93 49.23 42.10 39.00 41.15 42.15 39.55 38.98
Standard deviation 0.42 0.77 0.69 0.27 0.04 0.20 0.32 0.47 0.97
Diiodomethane 41.28 45.58 44.82 44.38 42.28 43.00 39.33 36.40 34.42
Standard deviation 0.98 0.67 0.45 0.31 0.01 0.06 0.40 0.97 0.28
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Fig. 2. The change of surface free energy with respect to plasma treat-
ment power.

Table S. The change of contact angle with respect to Ar gas flow rate
Flow rate(LPM) 0 2 3 6 9 12
Water 7498 47.80 4192 4140 40.12 38.73
Standard deviation ~ 0.42 0.23 0.56 0.22 0.78 0.93
Diiodomethane 4128 4215 4170 43.07 4273 46.05
Standard deviation ~ 0.98 0.20 0.49 0.50 0.51 0.41
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Fig. 3. The change of surface free energy with respect to Ar gas flow
rate.
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Table 4. The change of contact angle with respect to plasma treatment power

Power(W) 0 20 40 70 100 130 160 190

Water 74.98 62.28 40.27 39.18 39.90 44.32 48.62 47.40
Standard deviation 0.42 0.97 0.33 0.57 0.41 1.38 0.38 0.49
Diiodomethane 41.28 4477 43.57 43.47 42.78 41.73 42.12 41.20
Standard deviation 0.98 0.56 0.43 0.38 0.44 0.70 0.47 0.97

Korean Chem. Eng. Res., Vol. 47, No. 1, February, 2009



62 A - J2A - e

Table 6. The change of contact angle with respect to aging time in air after plasma treatment

Aging time(min) 0 1 3 5 10 30 60 90
Water 74.98 40.54 41.14 39.57 40.18 40.12 40.14 40.03
Standard deviation 0.42 0.34 0.64 0.52 0.15 0.56 0.27 0.58
Diiodomethane 41.28 43.20 42.52 42.50 42.46 42.42 41.62 41.20
Standard deviation 0.98 0.24 0.70 0.25 0.34 0.08 0.59 0.71
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Fig. 4. The change of surface free energy with respect to aging time
in air after plasma treatment.
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Fig. 5. XPS spectra of PLA. (a): plasma untreated, (b): plasma treated,
(c): plasma treated and washed.

Table 7. Atomic contents and O/C ratio of PLA surface: (a): plasma
untreated, (b): plasma treated, (c): plasma treated and washed

Sample C (6] Si o/C
a 55.65 39.20 5.14 70.44
b 58.60 41.40 - 70.65
c 60.57 3943 - 65.10
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Fig. 6. XPS spectra of Cls on PLA. (a): plasma untreated, (b): plasma
treated, (c): plasma treated and washed.
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