Polymer(Korea), Vol. 36, No. 2, pp. 137-144
http://dx.doi.org/10.7317/pk.2012.36.2.137

ISSN 0379-153X(Print)
ISSN 2234-8077(Online)

1|
=at=n} EJEHiE'c'? -

HX2 - 7SA - =SAT - HMsH - et *
Fadsx g siskgsta
*(FHbe] 2 o
o119 6¥ 149 4, 2011 82 2 44, 2011 8€E 30U A=)

Plasma-induced Graft Copolymerization of Glycidyl Methacrylate
on the Surface of Polyethylene

Jieun Kim, Xuyan Liu, Ho-Suk Choi’, Jae Ha Kim*, and Han Oh Park*

Department of Chemical Engineering, Chungnam National University, 220 Gung-dong, Yuseong-gu, Daejeon 305-704, Korea

*Bioneer Co. 49-3, Munpyeong-dong, Daedeok-gu, Daejeon 306-220, Korea
(Received June 14, 2011; Revised August 2, 2011; Accepted August 30, 2011)

== 1—4471 o} ZTa}=u} 7] @ Ze|AY WEaLD O]E(glycidyl methacrylate, GMA) JYRZE FEFS 54
EFJ ol &l (polyethylene, PE)®] 3£ & 7 A8 Ath. %4 RF-power, Ee}=0F A 2| A ZH Are] #-3, 2] AJ3 9]
ol &g WA A PR WS ZEk=vl MY star, M H 7 AlHE] HEFL =434 E‘Ex}vﬁltﬂ?ﬂ A%k
S B3t FH o Eetzv A 21 ekt 1 29 A xHA ] 2712 RF-power 200 W, Z2t= 7}
28] A1 7F 600 sec, Ar % 5 LPM, x 2] A|H 9 O]%—i‘—‘}_ 20 mm/sec ©] At} o] =4 3}01]/\1 2] ¥ PE £
GMAE g Bo|] =91517] 913t GMA & 2%, WHEAIZHS AR T 2ZE F53S 73519
ot HH-g 3§ Al o] A #gRfo] £4]S B3] 7 7L "]# 9 :’—EHiE (grafting degree, GD)E =431, 714 &=
2 GDE 4s F e 2YZE %%f; WSz AS AU 2 23 GMA W =9 4L GMA F%
20 vol%, W3- 1= 80 °C, BF-3-A1 7} 4 hr o] 1T}

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
Time(sec) 0, 30, 60, 120, 180,

Ar 300, 600, 2400

Ar flow rate(LPM) 0, 3,5, 8

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

. .
.
Ar plasma d in Air .

Various Conditions * S5min

. .

L]

pH

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

RF-power(W) 0 50 100 150 200

Surface free

energy(mJ/m?) 4528 8036 81.21 83.86 84.35
&2l RF-power®] Al717} 5718l whe} PE s£¥ 0] 318}
Moz FHBpEo] 25400 AFYOR Wkt 2
2 & YTk S AFHL AUE PE Edlo] Heh
v} A2 Fato] slo] = 2a SAfol =it 2|9t 7
o FHWE/t BYHe] THIE FFF W3] AA
AZ gk BE AFAUAT} B G NHAFE

°l=

FAHE719 =940l golaiitte A YR 29
ol UA 7 =& 3 7R 270 E HAY 270 E B
T Ak Z2F=ul X2 RF-power’ 200 W 49 #H
X}'n‘OﬂLiX] ol 7P =41, o] FellA FA471A =7 7

=%7] Wl o] =AS Z8k=n} X2 RF-power?|
Zju—%ﬁgi A=

HME| AlzZte] A&k Zet=vl X A7t 2 JE5H7t
2 1A Ao A] W3E Figure 33 Table 39 YERY

At tE A e ZAEL RF-power 200 W, Ar 7F2=9] 3
5LPM, Al#H 9] o5& % 20 mm/secE ZAYA| AT ZT
Zzul A7 ol HEH7he ol i oA = HolAl=
Aae BTk ey Egk=ut A A7k 600 sect
2400 secd wWio] JEF2t ghol A A B v A
oz y_o} 600 sec oAM= g A7+ PSko] HE
Ners & F AU G o] Fo BE EEvl A

= 600 sec® 1A 5A T

Ar 7tA S2ko| &k Ar 712 §EHL WAstE S
ZU]'4 Ur g 2d3te 83 M=, o2 *Z— 7t
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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

A8 s s, Felel Aol A8 Ar vl
Ko G| ME P2 Y FW AfeldA WalE
Figure 49} Table 4ol Jepfidh thE A2 ES RF-
power 200 W, X 2]A|7F 600 sec, A13H 2] o] 5= 20 mm/sec
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S Helth v 3 LPM oldellM = @%ZH sl 3
A gonz NgHe UL veisel, /13 4P s
LPMo. 2 743t}
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£ro] Gl wE HEZ 2 Y AFA HEtE
Figure 59} Table 59 YeRt) o2 B ZAELS RF-
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o] 54 =2l 20 mm/isec & HHZALE FTAGFAT
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A9 o541 20 mm/sec 2 G A Z T}, Figure 6 GMA
FE7E GDOl MIA= @ F= AR fl5te] GMAS
L2 ¥ A 2 =ZE 3T Aol WS %E‘:
70 °C, ®HS- /\]7“’ AN 70 2 TAHAT|ZL, GMA 35
5~30 vol%= W3tE FHA ddS P8t GMA2
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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

100

80 [ —=— Water
—e— Diiodo-Methane
—a— Ethylene glycol

40 |

Contact Angles (deg.)

20

0 20 40 60 80
Moving speed of specimen (mm/s)

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

sE7F F7Hshel Wl GD7F S7Feke] 20 vol% A3 ol A
HaAS YRS, 25 vol% B Aste A4S B
ol dukg o 2 GMAY %7} 271E4E GD7t 7}
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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%).

Zoh=rt 2] PE EH0] GMAS T ZE F53AIR]
PE-g-PGMA(polyGMA) A £.2] = EF ot} (b= M 4
d& B2 sto] dojdl GMA H) B9 A 0% o]
A Azto|th. (@)} (b)) 2HEZH Zo| 2800-2900 cm™ <3
oA o}F Zek BAE Holi led o= CH 2%
© 2, PE9} PE-g-PGMA®| EA]3l= CH,E 3213 4= qdth
2HEH (a)2h= TEA (b)2] 1726.59 cm ™ol A #ZH T3
£ 2443 719 7)(C=0)°] L, 1171.59 cm™'oll A Lrelt
¥ 3E GMASY] of| 2B Z27](C-0-C)oth2 B3 2HEF (b)
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A dehd dae aeld oEl 2719 ol FA]7]olt, uhet
A o] BXARE EUE 2 43S 5319 PEY GMA
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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.

Table 6. Atomic Concentration of (a) Pure PE, (b) Plasma
Treated PE, and (c) PE-g-PGMA

Atomic concentration(%)

C N (e}
(a) Pure PE 93.13 0.28 6.59
(b) Plasma treated PE 71.07 3.75 25.18
(c) PE-g-PGMA 77.07 0.99 21.94
G, slo| =2 2Alo] =] Ao = 1.12%04 8.51%=

oF gl T71leS & & Utk o5 F3l PEY] xWHol g}
zut A Al 7] Fol] =& o] 4HshE 7] wjie] Ak
ol F7tetAthal AFR T

Figure 1104 R= vle} ho]
1(b)ell T ZE

]E

E2}=n} X 2]¥ PE(Figure
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Figure 11. Cls core level spectra of (a) pure PE; (b) Plasma treated
PE; (c) PE-g-PGMA.
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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

(b) Plasma treated PE (x5000)

(d) Pure PE (x10000) (c) PE-g-PGMA (x5000)

(f) PE-g-PGMA (x10000)

(e) Plasma treated PE (x10000)

Figure 12. SEM analysis of polyethylene surface.
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