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Abstract: The surface of polyethylene (PE) was modified through Ar atmospheric pressure plasma treatment and
subsequent grafting of glycidyl methacrylate (GMA). Optimum plasma treatment conditions were determined through
analyzing the surface free energies calculated from the contact angles between PE samples and three probe liquids, which
were RF-power of 200 W, plasma treatment time of 600 sec, Ar flow rate of 5 LPM, and sample-holder moving speed of
20 mm/sec. To introduce the maximum amount of GMA on PE surface treated under the conditions, graft
copolymerization conditions such as GMA concentration, temperature, and time were carefully controlled. Grafting degree
(GD) was obtained through weight difference analysis of PE film before and after graft copolymerization. A maximum
GD was achieved at the GMA concentration of 20 vol%, the temperature of 80 °C, and the treatment time of 4 hr.

Keywords: atmospheric pressure plasma treatment, plasma-induced grafting, polyethylene, glycidyl methacrylate,
graft copolymerization.
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Table 1. Experimental Conditions of Plasma Treatment

Gas Dependent Value
Power(W) 0, 50, 100, 150, 200

0, 30, 60, 120, 180,
300, 600, 2400

0,3,5, 8
0, 10, 20, 50, 80

Time(sec)

Ar flow rate(LPM)

Moving speed(mm/s)

.
.
Ar plasma * in Air .

Various Conditions * S5min

. .

.

| OH

Grafting GMA
Various Conditions w

Figure 1. Overall reaction mechanism.
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Figure 2. Change of contact angle with respect to plasma treatment
power. (300 sec —5 LPM —20 mm/s).

Table 2. Change of Surface Free Energy with Respect to
Plasma Treatment Power (300 sec —5 LPM —20 mm/s)

RE-power(W) 0 50 100 150 200
Surface free 4528 8036 8121 83.86 8435
energy(mJ/m?) : : : : :
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Figure 3. Change of contact angle with respect to plasma treatment
time. (200 W =5 LPM —20 mm/s).

Table 3. Change of Surface Free Energy with Respect to
Plasma Treatment Time (200 W —5 LPM —20 mm/s)

Time(sec) 0 30 60 120 180 300 600 2400

Surface free
energy(ml/m?) 45.28 70.02 75.78 78.24 76.19 83.67 87.3 87.41
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Figure 4. Change of contact angle with respect to Ar gas flow rate.
(200 W —600 sec —20 mm/s).

Table 4. Change of Surface Free Energy with Respect to
Ar Flow Rate (200 W —600 sec —20 mm/s)

Ar flow rate(LPM) 0 3 5 8
Surface free energy(mJ/m?) 4528 8431 873  87.29
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Figure 5. Change of contact angle with respect to moving speed of

specimens. (200 W —600 sec —5 LPM).

Table S. Change of Surface Free Energy with Respect to
Moving Speed of Specimen (200 W —600 sec —5 LPM)

Moving speed of 0 10 20 50 80
specimen(mm/s)

Surface free energy(mJ/m?) 4528 83.86 87.3 8741 86.66
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Figure 6. Effect of GMA concentration on the grafting degree of
GMA onto PE plate. (Reaction time 4 hr, reaction temperature 70 °C).
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Figure 7. Effect of reaction temperature on the grafting degree of
GMA onto PE plate. (Reaction time 4 hr, GMA concentration
20 vol%).
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Figure 8. Effect of reaction time on the grafting degree of GMA onto
PE plate. (Reaction temperature 70 °C, GMA concentration 20 vol%).
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Figure 9. FTIR spectra of (a) pure PE; (b) PE-g-PGMA (PE-g-PGMA
conditions: plasma treatment time 600 sec, RF-power 200 W, Ar gas
flow rate 5 LPM, sample speed 20 mm/sec; reaction temperature 80 °C,
GMA concentration 20 vol%, reaction time 4 hr).
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Figure 10. XPS survey scan spectra of (a) pure PE; (b) plasma treated
PE; (c) PE-g-PGMA.
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Atomic concentration(%)
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Figure 11. Cls core level spectra of (a) pure PE; (b) Plasma treated
PE; (c) PE-g-PGMA.

Table 7. Percentage of Carbon Components on (a) Pure PE,
(b) Plasma Treated PE, and (c) PE-g-PGMA

C-C  C-O Hydroperoxide COO
284.6 286.2 288.1 288.6

V) (eV) (eV) (eV)
(a) Pure PE 93.7 541 1.12 0
(b) Plasma treated PE ~ 80.39 11.11 8.51 0
(c) PE-g-PGMA 79.62  17.06 0 3.32

(e) Plasma treated PE (x10000)

(f) PE-g-PGMA (x10000)

Figure 12. SEM analysis of polyethylene surface.
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