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Abstract—The distinguishing characteristic of the glow discharge is that chemical reaction induced by
partially ionized gases are limited only to the substrate surface. Most studies have been done on the plasma
etching and polymerization. The graft polymerization in vapour phase by cold plasma has been rarely in-
vestigated. In this study the system of tublar reaction chamber with capacitively coupled electrode of alter-
native current of 60 Hz was employed for the graft polymerization. The graft polymerization of Acylic Acid(AA)
onto the poly (ethylene terephthalate) (PET) was carried out by treatment of PET film and fabric by cold
plasma (glow discharge of argon gas), followed by the supply of AA vapour. The graft yield was about 1 wt%.
The surface property was determined by contact angle, the surface tension was evaluated by zisman’s plot

and equation of surface tension mesurement. The results were as follows:

1. In order to obtain lower contact angle, it was effective to avoid the vicinity of electrodes for a set-

ting position of substrate.

2. Contact angle affected on the monomer pressure and its duration of exposure to the acid vapour.
3. Polymer radical formation was influenced by the changes of the value of current density and plasma treat-

ment time.

4. Total surface tension of plasma grafted PET film increased. With an increase in the carboxylic acid con-
tent, the dispersion force decreased, while, the polar force and hydrogon bonding force increased.
5. The contact angle decreased from 75° to around 30° by plasma grafting. There was no ageing effect

on the contact angle after 4 months.
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1. Carrier gas (argon) bombe 9. Pirani sensor head
2. Pressure control valve 10. Pirani guage
3. Stop valve 11. Monomer tank
4. Pressure gauge , 12. Transformer
5. Needle valve 13. Voltmeter
6. Leak valve 14. Current meter
7. Cock 15. Electrode
8. Cold trap 16. O-ring seal

17. Glass cylinder

Fig. 1. Schematic representation of A.C. plasma
reactor.
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Table 1. Surface tension of liquids

Surface tension

_ \(dyne-em~1) SR T FAN 2
Liqui
Water 29.1 1.3 424 72.8
Glycerol 37.4 0.2 25.8 63.4
Formamide 35.1 1.6 215 58.2

7 .% : The dispersion force componerit.

7 1?7 : The polar force component.

y Lh : The hydrogen-bonding force component.

7.7 The total surface tension of each liquid. The
sum of above each component, i.e.,(y.T= 7%
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Fig. 2. Schematic representation of the substrate
position in reactor (unit:ecm).
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Fig. 3. Contact angle vs substrate position in reactor.
Argon gas pressure; B 0.1 torr, § 0.2 torr.
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Table 2. Elevation of discharge power with experi-
mental condition

Argon Voltage Electrode

pressure /current Power distance Nickel
(torr) (volt/mA) (watt) (cm) electrode
0.2 540/50 27 175  Parabolar

mesh

0.2 820/10 8.2 14.0 Plate
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Fig. 9-3. Contact angle vs plasma treated time.

Argon gas pressure 0.1 torr, monomer treated

time 60 sec. Current; B 50 mA, + 70 mA,
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Table 3. Graft yield of plasma grafted PET samples
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Fig. 10. 1H-NMR spectra of plasma grafted PET.
Apparent graft yield: FAK-1; 0.60 wt%,
EAK-3; 0.50 wt%, EAK-1; 0.69 wt%.
grafted PET ¢ 7% 1,25-1. 3ppm o] A3
% A 8l & polyacrylic acid®l -CH,-proton
peak, 2.15-2.2ppm del ZA ZA3 e
-CH- 9] proton peak & &<l & 4 9l
gH, =29 spectrum & 7 peak o =]
258 graft & (mole%)& 3k o] 3ol PET
o] ester ©h9] EAlakl hE} acrylic acid o +
ekl (72/192) 8 Fslod F8F 9% (wt) 2 A4
g 2% Table 3o i3l
Table 30l b= Z14 & plasma Az &
w9l acrylic acid & FAESE =9)sko] gra-

ft =TA7IE 2% 1wt% W9 graft 8¢

Argon gas Voltage Plasma Monomer Monomer Graft

Sample pressure /eurrent treated pressure treated yield

(torr) (volt/mA) time (sec) (torr) time (sec) (wt %)
EA 304 0.1 550/50 20 0.8 60 1.22
EA 315 0.1 550/50 10 0.7 60 0.51
EA 356 0.1 550/50 60 2.0 60 0.40
EAK 1 0.1 550/50 30 1.0 60 0.69
EAK 3 0.01 550/50 30 1.0 60 0.50
EAK 5 0.1 550/50 15 2.0 60 1.37
EAK 7 0.1 790/90 15 1.5 60 0.75
EAK 9 0.1 790/90 15 1.5 300 0.71
FAK 1 0.1 550/50 10 1.6 60 0.60
FAK 3 0.1 550/50 20 2.0 60 0.88
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Table 4. Surface tension and contact angle of PET samples

Surface tension (dyne/cm)

Contact angle (deg)

Sample : -
YT 7d 7 7 Water Glycerol Formamide
Untreated 44.65 42.33 0.06 2.26 76 60 55
PGA-1 54.73 24.43 3.54 27.76 44 36.5 25
PGA-2 63.66 15.47 6.30 41.99 35 34 20

PGA-1: Plasma grafted sample, contact angle for water 44°.
PGA-2: Plasma grafted sample, contact angle for water 35°.
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Fig. 11. Zisman’s plot of surface tension of PET film
samples.
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