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ABSTRACT For surface modification of polymers with hydrophilic functional groups, acrylic
acid was grafted and immobilized on the surface of polyethylene(PE) by cold—plasma
treatment using Ar gas. The modifications were identified by analysis of ATR—IR spectrum
and by the measurement of contact angles. Compared to virgin PE, significant decreases in
contact angle were observed for both the grafted PE and the immmobilized PE. The
decreases of contact angle were in the range of 47 53° for grafted PE and 23 26° for
immobilized PE. The degree of hydrophilicity depended strongly on the plasma—treating time
and discharge power. For the case of grafting it has shown that the longer plasma—treating
time, the higher hydrophilic character. For the case of immobilization, whereas, higher
discharge power and longer exposure to plasma have shown the detrimental effect for the
preparation of hydrophilic PE surface due to the decrease of carboxyl group by ablation
effect. The decrease in adhesion strength of immobilized PE, compared to grafted PE, was
also attributed to the ablation of carboxyl group.

Keywords acrylic acid, surface modification, immobilization, grafting, adhesion.
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Figure 1. ATR-IR spectra of grafted acrylic acid
on PE surface by Ar plasma treatment. (a)
exposed for 1 min, (b) exposed for 2 min, and (c)
exposed for 3 min.

Table 1. Relative Absorbances for Characteristic
Absorption Bands(unit: cm?/cm™)

band ses0i2020 735721 1710/2920
sample
virgin PE 0.92 0.71 -
grafting (1 min) 0.88 0.72 0.21
grafting (2 min) 0.83 0.71 0.32
grafting (3 min) 0.79 0.65 0.39
PE
a, b c PE
1,2 ,3
1710 cm™
21
, Table 1
(1710/2920 cm™)
2850/2920 cm™  —CH,—
735/
721 cm™ PE —CH,—
rocking . Table 1
ATR
KRS-5 crystal
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Figure 2. ATR-IR spectra of immobilized PE
surface. (a) 30sec, (b) 60 sec, (¢) 90 sec, and
(d) 120 sec at 240 mTorr, 25 W.

Table 2. Relative Absorbances for Characteristic
Absorption Bands, Ar Plasma Treated at 25 W, 240
mTorr

band
sample 2850/2920 735/721 1710/2920
virgin PE 0.92 0.71 -
immobilization(30 sec) 0.87 071 0.33
immobilization(60 sec) 0.86 071 0.46
immobilization(90 sec) 0.84 0.68 0.70
immobilization(120 sec)  0.91 0.69 0.63
PE
crystal
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PE —CH.—

Figure 2 25 W, 240 mTorr 3
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Table 3. Relative Absorbances for Characteristic
Absorption Bands, Ar Plasma Treated at 40 W, 240 mTorr

band

sample 2850/2920 735/721 1710/2920

virgin PE 0.92 0.71 -
immobilization(30 sec) 0.83 0.70 0.24
immobilization(60 sec) 0.83 0.70 0.27
immobilization(90 sec) 0.83 0.78 0.22
immobilization(120 sec) 0.87 0.74 0.11
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Figure 3. Variation of absorbance ratio(1710/2920
cm™) with immobilization time and discharge

power(a: 25 W, 240 mTorr, ;40 W, 240
mTorr).
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Figure 4. Heats of formation calculated semi—
empirically by PM3 method.
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Table 4. Contact Angle of Water Droplet Wetted on
Grafted PE Surface (Plasma Discharge Condition: 240
mTorr, 40 W)

Table 6. Data for Adhesion Strength of PE Samples by
180 ° Peel Test

sample adhesion strength(kgi/cm)
treating time virgin_ 1min  2min 3 min virgin PE 0.156
contact—angle (°) 95 48 45 42 grafted PE( 1 min) 0.219
grafted PE( 2 min) 0.232
PE i 221
Table 5. Contact Angle of Water Droplet on Immobilized - - grafted PE( 3 min) 0
. oy immobilized PE(25W/240mTorr/30 sec) 0211
PE Surface (Plasma Discharge Condition: *, 240 . .
mTorr, 25 W, ** 240 mTort. 40 W) immobilized PE(25W/240mTorr/60 sec) 0.213
’ ’ ’ immobilized PE(25W/240mTorr/90 sec) 0.216
treating time 30sec 60sec 90 sec 120 sec immobilized PE(25W/240mTorr/120 sec) 0.210
contact—angle (°)* 72 71 71 69 immobilized PE(40W/240mTorr/30 sec) 0.193
contact—angle (°)** 71 73 73 71 immobilized PE(40W/240mTorr/60 sec) 0.205
immobilized PE(40W/240mTorr/90 sec) 0.209
immobilized PE(40W/240mTorr/120 sec) 0.200
60 ATR
ablation PE
24,25
5 10 .
. Table 4 . Table 6 peel test
PE , Table 5 180
PE
PE PE
PE PE
25 W PE 40 W
, Table 1 Figure 1 PE
1710/2920 cm™
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, PE
20
PE Table 1, 2 3
(1710/2920 cm™) , 25
w PE
PE
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Figure 5. Spectra of peel strength. (a) immobilized
PE at 240 mTorr, 40 W for 60 sec and (b) virgin PE.
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Figure 6. Adhesion strength of immobilized PE
sample with treating time. 240 mTorr, 25 W(-),
240 mTorr, 40 W(¥4).
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