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Abstract

The objective of this study was to determine the effects of low ternperature plasma on the

surface properties of polyester fabric with respect to wettability and water repellency. Highly

wettable polyester fabric surfaces were obtained by oxygen treatment. The improved

wettabililty of oxygen plasma treated fabrics decreased with aging time up to 30 days, and

then the wettability remained relatively constant and still exhibited significant improvement

compared to that of untreated polyester. Water repellency was significantly improved by

tetratfluorocarbon plasma treatment. Such an improvement appears due to introduced fluo-

rine atoms or a thin fluorocarbon film on the fiber surface. Water repellency remained

constant in fact, even after 150 days.
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Fig. 1. Schematic apparatus of plastna treatment.
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Fig. 2. Schematic apparatus for measuring contact
angle by Whilhelmy technique.
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Table 1. Treating Time Effect on 01/Cys of Oz Plasma
‘Treated Polyester

Treatment Time (sec.) 01s/Cis

Untreated 0.46° (0.02)
30 0.44* (0.03)
60 - 0.55° (0.03)
180 0.787 (0.03)
300 0.81¢ (0.03)

Fabrics were treated at 100 Watts and 200 mTorr.

Those populations with the same letter have means that
are not significantly different according to the least
significant difference criterion.

The value in ( ) indicates the standard deviation of 4
replicates.
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Table 2. Treating Time Effect on Atomic Ratios of CF, Plasma Treated Polyester

Treatment Time (sec.) 014/Cis F14/Cia F1s/O1s
Untreated 0.46% (0.02) 0.00° (0.00) 0.00* (0.00)
30 0.39° (0.01) 0.93° (0.02) 2.39° (0.10)
60 0.29° (0.01) 1.10° (0.05) 3.82° (0.40)
180 0.21* (0.01) 1.11° (0.05) 5.35° (0.52)
300 0.21* (0.00) 1.14% (0.03) 5.42° (0.05)

Fabrics were treated at 100 Watts and 200 mTorr, then 7 days aged.

Those populations with the same letter have means that are not significantly different according to the least
significant difference criterion.

The value in ( ) indicates the standard deviation of 4 replicates.

Ols/Cls"E - %]'1_ 5‘ FIB/CIS‘E ?7}'51 OJE}' COH) 0] 137%1’1-7] “H“V""]iq'-"’— \:: _)r_ Alt‘]'m u\_.j{.].'
O Fet2vlA 2 4189 04/Cid F7He A% B Z8g mdl of| Aol d8kE v]Ach Fig 3014 &
2gste cobepd H475(—C=0, —COOH, — & A vhel o] O FetEwbA 4|7kl uhe} oA

1SKU %18008 B51 Fat SKU %758 |
(c) (d)

Fig. 3. Effect of plasma treatment time on the surface of morphology of O, plasma treated polyester: (a) untreated,
(b) 1 minute, (c) 5 minutes, (d) 30 minutes treated at 100 Watt of discharge power and 200 mtorr of discharge
pressure.
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Table 3. Discharge Powwer Effect on 01s/Cis of O
Plasma Treated Polyester

151

Table 4. Discharge Pressure Effect on 0.4/Cis of O
Plasma Treated Polyester

Power Level (Watt) 015/Chs Pressure Level (mTorr) 01/Crs
Untreated 0.46° -(0.02) Untreated 0.46% (0.02)
40 0.47**  (0.02) 100 0.53" (0.01)
100 0.65>™  (0.03) 200 0.63° (0.04)
200 0.78° .(0.10) 400 0.62° (0.01)
300 0.67%%  (0.05) Fabrics were treated at 100 Watts for 30 minutes, then
400 0.82° (0.04) aged for 115 days.
500 ‘ 0.78° . (0.04) Those populations with the same letter have means that

Fabrics were treated at 200 mTorr for 5 minutes, then
aged for 30 days.

Those populations with the same letter have means that
are not significantly different according to the least
significant difference criterion.

The value in ( ) indicates the standard deviation of 4

replicates.
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are not significantly different according to the least
significant difference criterion.
The value in ( ) indicates the standard deviation of 4

replicates.

Tahle 5. Aging Effect on 01./Cye of O Plasma Treated

Polyester
Aging (DaY) Ols/cls
1 0.85° (0.03)
7 0.70° (0,03)
30 0.63° (0.04)
150 0.63° (0.04)

Fabrics were treated at 100 Watts and 200 mTorr for 30
minutes.

Those populations with the same letter have means that
are not significantly different according to the least
significant difference criterion.

The value in ( ) indicates the standard deviation of 4

replicates.

Table 6. Aging Effect on Atomic Ratio of CF, Plasma Treated Polyester

Aging (Day) 046/Cas Fua/Cus F1s/O1
1 0.19*  (0.0D) 1166 (0.02) 6.10° (0.03)
7 0.19**  (0.02) 1.14%  (0.05) 6.00¢ (0.04)
30 0.22*  (0.01) 1.15°  (0.05) 5.23° (0.04)
60 0.21*>  (0.02) 1.12**  (0.03) 5.33° (0.04)
150 0.25° (0.02) 1.11°  (0.02) 4.44* (0.02)

Fabrics were treatéd at 100 Watts and 200 mTorr, then 7 days aged.
Those populations with the same letter have means that are not significantly different according to the least

significant difference criterion.

The value in ( ) indicates the standard deviation of 4 replicates.
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Fig. 4. C;s Spectra of the untreated. (a), O; plasma
treated (b), and CF, plasma treated (c) polyester.
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Table 7. Treatment Time Effect on Water Contact
Angle of O, Plasma Treated Polyester

Treatment Time (sec.) Contact Angle, Degree

Untreated 76°¢ (4)
30 59*  (6)

60 58° (8
120 58® 4
240 59" (4)
300 54° (8
600 61° (7

Fabrics were treated at 100 Watts and 200 mTorr, then
aged for 30 days.

Those populations with the same letter have means that
are not significantly different according to the least
significant difference criterion.

The value in ( ) indicates the standard deviation of 10
replicates.

Table 8. Discharge Power Effect on Water Contact Angle of O; Plasma Treated Polyester

Treatment Contition

Contact Angle, Degree

Untreated

400 mTorr, 1 min,, 30 Days Aged, 80 Watt
400 mTorr, 1 min,, 30 Days Aged, 180 Watt
200 mTorr, 5 min.,, 7 Days Aged, 60 Watt
200 mTorr, 5 min., 7 Days Aged, 100 Watt

76 (4)
67 (4
63° (4)
53 (5)
49" (4

Those populations with the same letter have means that are not significantly different according to the least

significant difference criterion.

The value in ( ) indicates the standard deviation of 10 replicates.

Table 9. Discharge Pressure Effect on Water Contact Angle of O; Plasma Treated Polyester

Treatment Condition

Contact Angle, Degree

Untreated

100 Watt, 5 min., 7 Days Aged, 100 mTorr
100 Watt, 5 min., 7 Days Aged, 200 mTorr
100 Watt, 1 min., 1 Day Aged, 200 mTorr
100 Watt, 1.min., 1 Day Aged, 400 mTorr
60 Watt, 5 min., 7 Days Aged, 100 mTorr
60 Watt, 5 min.*7 Days Aged, 200 mTorr

76 (4)
614 (4)
49°t  (4)
528 (4)
47" (5)
61° (4
53¢ (4)

Those populations with the same letter have means that are not significantly different according to the least

significant difference criterion.

The value in ( ) indicates the standard deviation of 10 replicates.
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Table 10. Aging Effect on Water Contact Angle of O,
Plasma Treated Polyester

Aging (Days) Contact Angle, Degree

Untreated 76° (4)

1 420 (4)

7 497 (4)

30 55 (10)

60 53¢ 9
120 58 "

150 574 (5

Fabrics were treated with O, Plasma at 100 Watt, 200
mTorr for 5 minutes.

Those populations with the same letter have means that
are not significantly different according to the least
significant difference criterion.

The value in { ) indicates the standard deviation of 10
replicates.
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Table 11. Treatment Time Effect on Water Contact
Angle of CF, Plasma Treated Polyester

Time Level (sec) Contact Angle, Degree

Untreated 76° (8
60 87 (14
300 92° {4)

Fabrics were treated with O; Plasma at 100 Watt and
200 mTorr.

“Those populations with the same letter have means that

are not significantly different according to the least
significant difference criterion.

The value in () indicates the standard deviation of 10
replicates.

Table 12. Treatment Time Effect of the Demand Wettability of O, Plasma Treated Polyester Fabrics

Treatment Time

Water Uptake Amount as a Function of Time

(sec.) (mg/cm?)
5 sec. 300 sec. 600 =ec.
Untreated 10.6° (0.4) 27.0%¢ (4.1) 28.3% (4.3)
30 14.4° 0.7 26.6°  (0.7) 27.2° (1.1)
60 14.5% (.7 23.3°  (2.6) 23.3° (2.6)
120 - 153" (0.7) 20.3* (2.7 20.4° (2.6)
180 ~ 155" (1.8) 19.9° (2.2) 19.9° (2.2)
240 16.3¢ 0.7 28.7* (3.2 28.7* (3.2)
300 18.4° (2.6) 26.5° (2.8) 26.9° (2.9)
600 15.2"€ (2.0) 26.1° (3.9 26.2¢ (3.5)
1200 14.5% (2.0) 22.8° (4.1 22 8" (4.1)

Fabrics were treated 100 Watts and 200 mTorr, aged for 2 days, then water uptake amount measured after 3, 300,

600 seconds of demand wettability test time.

Those populations with the same letter have means that are not significantly different according to the least

significant difference criterion.

The value in ( ) indicates the standard deviation of 4 replicates.
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Table 13. Discharge Power Effect on the Demand Wettability of O; Plasma Treated Polyester Fabrics

Discharge Power

Water Uptake Amount as a Function of Time

(Watt) (mg/cm?)
5 sec. 300 sec. 600 sec.
Untreated 10.6° (0.4) 27.0°  (4.1) 28.3"  (4.3)
40 10.0° (2.0) 19.7% (1.1 20.8% (1.2)
100 15.0° (1.1) 21.5° (1.5) 22.9% (1.5
200 15.4° (0.8) 23.4¢ (1.9 24.9° (1.7
300 : 13.8* (0.3) 17.1® (1.5 17.9° (1.4
400 5.3" (0.6). 18.2° (1.7 19.0% (1.7)
500 2.7 (0.6) 10.4* (1.5 11.12 (1.3

Fabrics were treated at 200 mTorr for 30 minutes, aged for 2 days, then water uptake amount measured after 5, 300,

600 seconds of demand wettability test time.

Those populations with the same letter have means that are not significantly different according to the least

significant difference criterion.

The value in ( ) indicates the standard deviation of 4 replicates.

Table 14. Discharge Pressure Effect on the Demand Wettability of O; Plasma Treated Polyester Fabrios

Discharge Power

Water Uptake Amount as a Function of Time

(mTorr) (mg/cm?)
5 sec. 300 sec. 600 sec.

Untreated 10.6°  (0.4) 27.0° (4.1) 28.3° 4.3)
60 12.0*  (2.0) 20.6° (1.7 21.0%¢  (1.5)
75 11.3* (1.1 20.3¢ (1.5) 23.1%0  (2.4)
100 12,5 (0.8) 20.3° (1.4) 21.6"¢  (2.9)
125 14.2 (0.3) 17.0° (1.5) 18.0° 0.2)
150 14,8 (0.6) 18.7 (1.7) 191 (3.0)
175 14,6 (0.7) 17.5* (1.3) 18.6°®  (0.9)
200 17.2°  (0.6) 21.7° (1.5) 23.7°  (1.2)
250 16.3*  (0.6) 19.5° (1.4) 20.6°¢ (2.1)

Fabrics were treated at 100 Watts for 30 minutes, aged for 2 days, then water uptake amount measured after 5, 300,
L Y

600 seconds of demand wettability test time.

Those populations with the same letter have means that are not 'significantly different according to the least

significant difference criterion.

The value in {( ) indicates the standard deviation of 4 replicates.
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Table 15. Discharge Power Effect on the Demand Wettability of CF. Plasma Treated Polyester Fabrics

Discharge Power

Water Uptake Amount as a Function of Time

(Watt) (mg/cm?)
5 sec. 300 sec. 600 sec.
Untreated 10.6¢ (0.4) 27.0¢ (4.1) 28.3° (4.3)
10 6.0° (2.6) 178 (1.7 19.5° (1.5)
20 1.5 (0.5) 10.7% (1.9 12.5° (2.9
60 1.4 (1.0 3.5 (1.4) 6.0° (2.9)
80 0.3* (0.4 2.4* (1.5) 2.9° (0.2)
100 0.2*. (0.5 2.5 (1.7) 3.1* (0.3)

Fabrics were treated at 200 mTorr for 1 minute, aged for 2 days, then water uptake amount measured after 5, 300,

600 seconds of demand wettability test time.

Those populations with the same letter have means that are not significantly different according to the least

significant difference eriterion.

The value in ( ) indicates the standard deviation of 4 replicates.

Table 16. Discharge Pressure Effect on the Demand Wettability of CF, Plasma Treated Polyester Fabrics

Discharge Power

Water Uptake Amount as a Function of Time

(mTorr) (mg/cm?)
5 sec. 300 sec. 600 sec.
Untreated 10.6° (0.4) 27.04 (4.1) 28.3" (4.3)
75 1.0° (0.7) 34.3° (4.8) 45.2¢ (6.8)
100 1.6> (0.2) 9.2° (2.3 33.2° (5.6)
150 1.7° (0.4 2.1 (0.9 4.3 (1.4
200 0.1* (0.2) 1.6° (1.1 4.1° (2.2)

Fabrics were treated at 100 Watt for 1 minute, 4 days aged, then water uptake amount measured after 5, 200, 600

seconds of demand wettability test time.

Those populations with the same letter have means that are not 51gmf1cantly different according to the least

significant difference criterion.

The value in ( ) indicates the standard deviation of 4 replicates.
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Table 17, Aging Effect on the Demand Wettability of CF, Plasma Treated Polyester Fabrics

Aging Water Uptake Amount as a Function of Time
(Day) (mg/cm?)
5 sec. 300 sec. 600 sec.
Untreated 10.6® (0.4 27.0° (4.1) 28.3" (4.3)
1 0.2 (0.4) 2.0° (2.1) 2.3* (2.2)
7 0.2 (0.6) 1.9 (1.7) 2.7* (1.5
30 0.3* (0.5) 1.7 (1.5) 2.5% (2.4)
60 0.4 (0.4) 2.5* (1.4 2.8° (2.0)
150 0.3* (0.4) 2.4* (1.5 2,90 (2.2)

Fabrics were treated at 200 mTorr for 1 minute, aged, then water uptake amount measured after 5, 300, 600 seconds

of demand wettability test time,

Those populations with the same letter have means that are not significantly different according to the least

significant difference criterion.

The value in ( ) indicates the standard deviation of 4 replicates.
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