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Abstract: In this study, the hydrophilicity of the metal fiber is improved by introducing an oxygen-containing
functional group to the fiber surface after treatment of the metal fiber using the oxygen plasma treatment time
as an experimental variable. For the surface modification of metal fibers, changes in surface properties before
and after plasma treatment were observed using SEM and x-ray photoelectron spectroscopy (XPS). In order to
observe the effect of the plasma treatment time on the surface of the metal fiber, the change in contact angle
of the metal fiber with respect to a polar solvent and a non-polar solvent was measured. After calculating the
change in surface free energy using the measured contact angle, the contact angle and the surface free energy
for metal fibers before and after oxygen plasma treatment were compared, and the correlation with the
adhesion work was also considered. The microdroplet specimens were prepared to investigate the effect of
surface changes of these metal fibers on the improvement of shear strength at the interface when combined
with other materials and the interfacial shear strength was measured, and the correlation with the adhesion
work was also identified. Therefore, the oxygen plasma treatment of the metal fiber results in an increase in
the physical surface area on the fiber surface and a change in contact angle and surface energy according to
the introduction of the oxygen-containing functional group on the surface. This surface hydrophilization
resulted in improving the interfacial shear strength with the polymer resin.
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B Aol N ALGE BEAE Afea Ay
$-(SUS, Nippon Seisen)& A7 o] 30 mQl Y& trH o
AehuE 8 Ageldth. BEAgel B AEE
1% t1 Eehzssh Aol% oo, Seiol Aol
2= 13.56 MHz9] 1133}(radio frequency) A LA =2
=3 Z =L(parallel electrode) Alolof A EEt2utE W2 A
7 AdsHchFig. 1). olul AH8E Aol 7h(carrier
gas)E= 99.9% 114w AMAR §ES 10 scem O 2 11
146} & Ay Yo AFRErt 102 torr7} HEE &% 3}

20 WO Szt A7l = AP AIZkE M4, 5,
10 20—r)§ 5459 #HS A aba &
2ol H2)2 5 240 FH WakS otopr ] 9
s A Aol W 24490 WEZ ZH G vl
=74 & el S F(deionized water)2} =/3-&H <l
29 9 @ & (diiodomethane, Sigma Aldrich)E AF-&3}%
oh £ Ab Zebznp Ew fdo] miA WEA
A L] A g2 o w2 = FFS WS 98]
W AA o BA(RESFEE ATl 4%
of o ZA sx7ke] AW HAe L ZHstaArk
22. ¥H EM Ty}

Zojzol Aels B9 S44G0 E WSS B
37] €38 tlRX|E & u]7(Video microscope system equip-
ment, Sometech)X} F=A}A X3 1] 7 (Scanning  electron
microscope, HITACHI)S ©]-&35lo] 3548 FHY
E2X|(X700, X3500)5 H&sEATE E3F H5AF £
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Figure 1. Reaction mechanism with carrier gas and fibers in
the plasma chamber.
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—‘?’—ﬁfj Al Ka X-rayS AME-5Fo] 225WO] ZAA 71
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goflo] that WE7he ZHeln ER A UAIE Al
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Kruss)& o] gaho] 24 u)2) S50} uly gojal
HEH 2 2 E(CHL)O] disl 2mmeteS W] J=
24e 53] 24 3 1 BEGS AHgehelch £ o
A AL T3 v =A é—cg E 3 5L Owens-

Wendt Alof) o|a] ol#e} zro] A4tste] u]mal T2,

d Yii p VLp
1+ cos8 = 2 |y E+2 Vs - 1)

o714, 0= HEZ, nve AA(n)S Aol A,
yovis LA(vs)EH ] Aol A E Uehh 1ot
At ALA—(r) e SAANEA gh n we A
Xﬂ(l/L)Sl} AA(re) 2] AL ol | A gholt.

2.3. 71||:|=| I—Iil- EM rl.17|.
sojzol Aoo] mE FEARe] EW A FI)
o] A A7}t (Interfacial shear strength)o]]
Fe doty] Hdl oAFA ALk A A
shsich Zelzul Aol Alghe] e F4A
S| AN Lol vl 3] 7
A A=l HalE dobi 7] fls T
o}-2(fiber pull-out) A|H-ES #3Y3} & ch(Fig. 2). A
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Figure 2. Schematic of the microdroplet debonding test.

FEARY FBE AT A4 vholaz Ao]=
o] o FA] A ®&(micro-droplet)& w5472 T
of AASHA AldHE A=A ofd] o FA] 4=#]of
embeddedl 4-4-2] 2% °F 0.74mmo| Atk 0|27
Az APARE 120002] 2EoA 2417 AN F
Aok A2 F2HEHE vlAl HFo] 2 (microvise) OF
o v x st & QAAFA]E 7] (universal testing machine,
Instron)E AFE514] 1 mm/mine] AdLEE2 A8 = |
oz Qs Al A5 5 kol AolA A
duse e 23stgon ol 258 5F gosy

[}
2l

o71A, Fe S4E Adggolal, r& AF9 BHA
5 L A7 A ARl

E3H AR T2 Y7 Afolo] BAf 7F 45 2hg He
= YelY = H&U(Work of adhesion, W) F A =27}
Az ZelEed 288 AUAE uistes g of
# A& o] gato] At on Zet=ul X A7t
e 5ATet olFAl FAe A A= E
Aol A, A543 AHHAE orE U
[26,27].
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Figure 3. XPS spectra on metal fiber after plasma treatment of
high resolution XPS peak of (a) Cls and (b) Ols.

Journal of Adhesion and Interface Vol.23, No.4 2022

Az BepzotE ol gte] EWS AWE F EWY
HERAE Y WA FARLEN AL o &
sho] PHEEH AWE Fig. 4o] LEhATh Fig 4(a)
Sepzol A A AYY FEHR0) BERAR B
of hrrel e AlehE HeAlZ B A AN wA
g0l Hg dolggon YAE AL VAL 5 9
9lth. Fig. 4(b)2] A9l 1087 Sebxn} xejd u
E2AR 78] Gk FHHA W 790 o Hol
U 39 5o 249l n el F2 A4 AL

2]

BA 4 Ut
3.2. X-I_’F_?I- IEE ()"]_jlx' 'IB=|2|.
XPS ABm R Ak Felxut Je| F FEA R
EHo] Ad FH7150] EYHASS Fsgo
Fakzeot Aol Aztol e EH £ Holg o

$15 ¥4 olot 34 80l ol

Fig 5t Zehxol Au ko] whe B4 A5
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Figure 4. Surface morphology of (a) untreated metal fiber and
(b) plasma treated metal fiber.
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Table 1. Surface energy components of wetting liquids.

Surface energy (mJ/m?)

Liquid Total Dispersive Polar
energy component  component

Water 72.8 22.5 50.3

Diiodomethane 50.8 50.42 0.38
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Figure 6. Surface free energy of metal fiber by plasma
treatment time (a) surface free energy and (b) change rate of
surface energy.
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Table 2. Contact angle and surface energy of epoxy resin.

Surface energy (mJ/m?)

Resin Total Dispersive Polar
energy component component
Epoxy 46.5 2033 26.17
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