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Abstract—Low-temperature plasma treatment or sputter etching is of interest as one of
the techniques to modify polymer surface. In this study, poly(ethylene terephthalate)(PET),
nylon 6 and cotton fabrics dyed three black dyes were subjected to low-temperature argon
plasma and also sputter etching. In relation to bathochromic effect, the surface characteristics
of the treated fabrics and films were investigated by means of critical surface tension, SEM
and ESCA measurement.

The depth of shade of fabrics more increased by the sputter etching technique than argon
plasma treatment. Many microcraters on the fiber surface formed by the sputter etching resulted
in increase of surface area of the fiber and wettability, but the hydrophobic group was increased
by the results of ESCA analysis.

In particular the change in reflective index of the fibers was much more effective than
the chemical composition of the fiber surface on increasing of the depth of shade.
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(U5 68X78&/254cm? FA 159g/m?), JdE
6(AE 84X108L/254cm’, FA 112g/m*) % 9
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PET #&& R 4¥8 Artisil Black BSN(San-
doz) & &3l GUFE T 4% (owl), OFHEAF 14
%, F2SPIEF 0.8%, biphenyl 2% 2] &0l 4]
4] 30: 1, 100ClAM 6087+ FMPt GUE
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2.3 X2 Zzi=0o} U sputter etching X{2|

A2 Eet=9t M ZX= Basic Plasma Kit
BP-1(Samco, Japan)&, Wi l22 438 A4
8ted 28 300W, JFTE 1TorrollA AAAIZE A
g3k A3 A 46mm, AE 80mme] HY
HAAZFoz o

Sputter etching %= ULVAC RFS-200(Shi-
nku-Kiko, Japan) 241 #§ 80mm, A A=
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Table 1. Static friction coefficient of various
fibers treated with low-temperature

argon plasma

Static friction coefficient(u)

Treatment

PET Nylon 6 Cotton
Untreated 0.435 0.424 0.401
Argon plasma 0.618 0.457 0.773

(421%) (79%) (92.8%)

Parentheses indicate rate of increase in static

friction coefficient(u) of the low-temperature pla-

sma-treated fibers.
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Table 2. Critical surface tension of various
films treated with low-temperature
argon plasma and sputter etching
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Table 3. Effects of sputter etching treatment
on water penetration of various fa-

brics
Treatment Time of water penetration, seconds
time(min) PET Nylon 6
0 600, 400>
0.5 15 5
2 2
5 K 11

Critical surface tension(y.)

Treatment
PET Nylon 6 Cellophane
Untreated 42 46 45
Argon plasma 56 49 59
(333%) (65%) (31.1%)
Sputter etching 55 54 56

(31.0%) (174%) (244%)

Parentheses indicate rate of increase in critical

surface tension(y.) of the treated fibers.
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Table 3 sputter etchingd PETS} UYUE 6
e g AEANS £3% A3 PETS
UAdE 6 25 sputter etching®l] oJ&) &g 3
FAIZol AASHA BEE T oF 187k #e Az
sputter 2} 2|ol ojsiA HEEAHo) A ZF71gch

Table 4= sputter 2|3t PETS} YU& 6 T
9 = A&7 2343 d99ld, PETS Uygs
6 B9 & HEZLL 1~587t etching o2 A
A8 At He2lAgte] ¥ ZojAHgE

Table 4. Contact angle to water of PET and
nylon 6 films treated with sputter

etching

Treatment Contact angle to water, degrees
time(min) PET film Nylon 6 film

0 75 72

1 17 32

5 10 20

10 9 19

15 9 18

3.3 ESCA EMof o8t MFREHo| Hatxy

PET, 4d& 6 22| ¥ 3%9 2L ZHA
o2 AN oL 4 A& Zak=nt D sputter
etching g3k A& 2] ESCA B4 2% Cs, O
2 Nis 28HEYH Y7 E Table 591 Vebch

g2 AL Eznz HyIE Cwt gadln
Oss, Nis, 01/ Cis7F S48l 88} sputter A 2) 3)
Zrt'ﬁ CIS7]' 5‘7}'3}’——7’— OlSy le, Ols/C1s7]' Li%}-‘f\it}
et A2 Fgzal X gUFES I53
AlH F1 sputter etching FH AF3EL &
F UTh

Table 6 2t ESCA ¥4Z4%E Hy PET,
Ul & 6, B E fyEe 2HEYZ @ 2850
eV =Ae C-C 73, @ 2860 eV X9 C-0
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Table 5. Relative component areas of C.,
Ois and N5 in wide scanning ESCA
spectra of various fabrics by argon

plasma and sputter etching

Relative component area( %)

Treatment -
CIS OIS NlS OIS/(-/l“
PET fabric
Untreated 68.9 296 1.6 43.0

Argon plasma 672 301 1.8 44.8
Sputter etching 760 220 21 28.9
Nylon fabric

Untreated 714 191 95 26.8
Argon plasma 67.6 228 97 33.7
Sputter etching 780 276 17 39.0
Cotton fabric

Untreated 643 325 32 50.5
Argon plasma 612 366 22 54.9
Sputter etching 707 276 1.7 39.0

Table 6. Changes of ESCA binding energy
peak for various fabrics by argon

plasma and sputter etching

Surface chemical composition( % )

Chemical Untreated Argon Sputiler
component plasma etching
PET
C-C 72 64 79
C-0 13 17 10
C=0 9 10 6
C-C=C 6 9 4
Nylon 6
c-C 74 70 84
C—-0 15 15 9
C=0 10 11 6
C-C=C 1 4 2
Cotton
C—-C 87 76 73
C-0 8 21 17
C=0 4 8
C—-C=C 1 1 2

3, 3 2870 eV A2 C=0 I, 1 2890
eV 229 0-C=C #zrt &k oy =
Woa=9) 2850 eV A C-C BEFS 4
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(A)

(@)

Fig. 1. SEM photographs(X5000) of PET fiber treated with argon plasma and sputter etching.
(A) Untreated, (B) Argon plasma, (C) Sputter ething.

papatl 1Ky x5.50k &l Ana GBe31e 18

Gaasts 1ary k50866 &L Aum

(A) (B) )

Fig. 2. SEM photographs(X5000) of nylon 6 fiber treated with argon plasma and sputter
etching. (A) Untreated, (B) Argon plasma, (C) Sputter etching.
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Fig. 3. SEM photographs( X5000) of cotton fiber treated with argon plasma and sputter etching.
(A) Untreated, (B) Argon plasma, (C) Sputter etching.

Table 7. Changes in depth of shade of black-dyed fabrics treated by argon plasma and sputter

etching
Treatment time(min) L* PET AE*ab L*NYIOH SE*“'J L* CO“OHAE*ab
Argon plasma
0 329 21.6 17.8
0.5 315 12 214 03 17.3 0.4
1 314 16 213 0.3 16.7 1.2
31.2 1.6 209 04 16.7 15
5 31.0 1.8 204 0.9 16.6 1.8
Sputter etching
0 329 21.6 17.8
0.5 23.5 9.1 19.3 21 13.1 411
1 21.2 104 17.7 3.8 12.1 5.0
3 21.0 114 16.0 53 9.6 7.7
5 19.3 12.1 13.2 8.1 9.1 8.2
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