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Development Superhydrophobic / Hydrophilic double faced Lyocell

Fabric maintaining breathability and absorbency

1) Oxygen plasma
etching of lyocell
fabric for nano scale
roughness

2) HMDSO deposition
of the surface for
low surface energy

Figure 1. Scheme of the study.

Optimum processing
condition for

Superhydrophobic
lyocell

+ Characterize the
superhydrophobicity
by CA, SA

* Maorphology
observation by SEM

* Chemical analysis
by XPS, EDS

Evaluation of

Asymmetric wetting
behavior

Evaluate moisture absorption

& breathability of the

developed superhydrophobic

lyocell fabric
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(d) ) (h)

Figure 2. Montage of some examples from nature. : (a) lotus effect,
(b) glands of carnivorous plant secrete adhesive to trap insects, (c)
pond skater walking on water, (d) gecko foot exhibiting reversible
adhesion, (e) scale structure of shark reducing drag, (f) wings of a
bird in landing approach, (g) spiderweb made of silk material, and (h)

anti-reflective moth’s eye [25]
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Figure 4. A liquid droplet on a smooth surface
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2.1.2. Wenzel state9} Cassie-Baxter state
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Figure 5. Wetting state on the surface. : Wenzel state(a),

Cassie-Baxter state(b), Transitional state(c)
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Figure 6. The photos of lotus leaves structure[32].

OH OH
Nonacosane-10,15-diol CH3-(CHy)g-CH-(CHy)4-CH - (CH,)43-CH:
OH

Nonacosan-10-ol ‘
CH3-(CHy)s-CH-(CHy)15-CHj

Figure 7. Chemical structures of the major components of lotus wax
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Figure 10. The nano fibril structure of lyocell fiber[40].
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Figure 11. Water vapour sorption isotherms of different fibers[41].
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Table 1. Properties of various cellulose fibers

Cotton Lyocell Viscose Modal

Moisture regain (%) 7-8 11-115 12-14 14
Dry tenacity (cN/tex) 24-28 37 25 35
Wet tenacity (cN/tex) 25-30 30 13 20
Bisfa Modulus 10 10 3 6
. 2,500~
Polymerization 850 430 640
10,800
Volume Swelling Water
35 67 88 63
(%)
Cristallinity (%) [38][96] 73-78 80 41 49
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@D Ion and electron formation : e + O, — O; + 2e
@ Atom and radical formation : e +Q,— O™ + o
@ Generation of heat and light : e + O, — O*, O;% hv
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2.3.3. TF=v 353 7|4 5 (PECVD)

Plasma enhanced chemical vapor deposition (PECVD) & 7]&9] 3}

A 3}

)
=

st A=A

B

)

o

el

ol

-
T
Tor

=

A

-
1

4% PECVD

S

S
&

{ o] At

3|
pud

tel, 71 el 7=

S

=
[€)

Aol 7}

2 zojo] e

W

ol A

!

olo

el
o

0
olo
T

)

1
Ao

o}
o}

tol g o

S

=
=

o)

j
a-

—

=z
=

ZM CVDET =&

o

&S CVDY PECVD=Z A &3

Figure. 123} %t}

[e]
&

=
oF

KR

W

o
X
"

B

%

=
oF

KR

—
fite)

o)

A | 53]

3743

= O
™SS

o

[}
=

i

24,

o

!
o

el

)

_1!
.F_H

_28_



Gas flow g

A jv )
= e (GAS phase reactions
o 1< A
o v vl L ’ v
A v 1 51 A 1 v
A > A
= A - 4 b " A v
- 1 v A &
% > & i o A
A A Desorbed species
Y g\ O
Av Av ) 0
Boundarylayer

7

Textile substrate

Figure 12. Schematic diagram of processes occurring during CVD on a
textile[53].
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Zanini % [58] polyethylene terephthalate 3 We| PECVDHIH o=
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I A9
1. N8 2 A<

AT AEE 100 % 2ol AER @Az E A A3 ntol
Abgetdeh Alge ZAE EAL Table 2 o YEY 9o AW F
Ny eSS FHEAT ZEEvp 9k A2 E 9999 % mEe A
27} 29 HMDSO(SigmaAldrich, USA) 7}2=E AF&3ith. HMDSO2]

%% Figure 13 ¥} 7t}

Table 2. Characteristics of the specimen

Content Lyocell TENCEL® 100%
Fiber 1.4dtex, 38mm
Yarn Count Ne 20 both Warp and Weft
Weight (g/m2) 228
Density (inch) 110 X 65
Thickness (mm) 0.38mm
HsC CHs
o/
\Si/ s
H3C—”l \""CH3
H5C CH3

Figure 13. Chemical structure of Hexametyldisiloxane(HMDSO).
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Figure 14. Schematics of the low pressure plasma reactor.
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Table 3. Specimen code and description of the process

Sample Code Description

untreated Untreated

HMDSO 30sec of HMDSO treated sample

O, 1 Plasma Oxygen etched for 1min.

O, 3 Plasma Oxygen etched for 3min.

O, 5 Plasma Oxygen etched for Smin.

O, 10 Plasma Oxygen etched for 10min.

0O, 20 Plasma Oxygen etched for 20min.

Oy 1+HMDSO Plasma Oxygen etched for 1min with subsequent 30sec of HMDSO treatment
0O, 3+HMDSO Plasma Oxygen etched for 3min with subsequent 30sec of HMDSO treatment
O, 5+HMDSO Plasma Oxygen etched for bmin with subsequent 30sec of HMDSO treatment
O, 10+ HMDSO Plasma Oxygen etched for 10min with subsequent 30sec of HMDSO treatment
0O, 20+HMDSO Plasma Oxygen etched for 20min with subsequent 30sec of HMDSO treatment

0O, 5+HMDSO-Sur Surface of O5-HMDSO treated sample
0O; 5+ HMDSO-Back Back face of O.5-HMDSO treated sample

,?—-! -Cfl- 1_'_]5 Bl W
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31. 99 ¥

_I_z

Ehzut Ay o]F W JHHHQ Wae AA wE FA AR
& 1] 4 (Field-emission Scanning electron microscopy, NanoSEMZ200,
FEL, USA)E ate] #aalslith. A& Ass Wag o83k 10 nm

o] F|& sputter-coatingdl 1, =4 HYL 5~10 kV = =4t}

3.2. ¥4 387 54

(X-ray photo-electron spectroscopy; XPS, PHI 5800, ESCA System)<
o] &3ttt Al Ka (1486.6 e¢V) X-raye Ab&dli, &5 250 W, 10
kV, 27 mAZ A4, v ¢+ 267x10°% Pa W] spot size ¥ 400

400 m O] ATF.
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33. 4 &4

EWEol Alx xWHolA olF& AHAHEZ(static contact angle)
Figure 15 ¢ #& #H=7} =4 #H] Attension® Theta Lite (Biolin

Scientific Sweden)Z ©o]&3}o] Ao =Asgon w 0.13 Zwnir}

1 syine |

Camera
T

AN Sample stage

Figure 15. Schematic of the water contact angle analyser (Theta

Lite).
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Figure 16. Experimental setting of shedding angle measurement[62].
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34. ¥&9Y &5 AF

e

Eopzvh Ael AR FE $F ABS 87 FA A4 @Y
(Environmental scanning electron microscope; ESEM, XIL-30 FEI,
USA)S o] &€3te] 100% RH, 2 C 37dolA 25 & &+ 1 & HFo

=
s Be, o A4 22n FE &% Aol MAY AR U
=

Tor7hA vk Eebzok 42 Al @ v E7]e] 27w,
st FeelA A Aol mE g AF WaE P A%

o] SEM¥} ESEMellA & o] #|& Figure 17 ¥} #°] Image J(NIH,
USA) Z21dS Al g3sle] BAa9c) 538 o4 =Asy 1 +S 9
Tete] AR&skA T

Figure 17. A benchmark of measuring nanopillar dimension by Image

J program.
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Figure 18. The design of standard ESEM column.
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Figure 20. FE-SEM images of lyocell fabric treated with oxygen plasma

etching with subsequent ppHMDSO. The scale bar in (a) is 20pm, (b) — (f)

are lpm.
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Figure 21. FE-SEM image showing shadow effect
(Oy 20+HMDSO).

(a) Plasma etching + hydrophobic coating

SA8210LY,

Figure 22. (a) A schematic showing nano structured and
hydrophobic film deposited on lyocell fibers. (b) FE-SEM
images of O, 20-HMDSO
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719 A715 BA3 A7) Table 4 o] AelHo] 9} o] A9

F7)= Hi 116 ym ©)3, Y E7|59 A7|E Zgx=v A7 AHg 1

1

Table 4. Dimensional change of nanopillars with increased

plasma etching duration

Duration
(min) Length(nm) Width(nm) Spacing(nm) Aspect Ratio
1 6710 33+£3 25%0.5 2.1+0.1
3 258+17 29£5 26%1.2 9.1+0.9
5 319+50 274 25%0.9 11.8+0.0
10 533+31 20£5 31+£2.3 28.4£5.2
20 1,112+187 15+3 42+3.1 73.8+4.6
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Figure 23. The nano-feature size change with increased plasma

etching duration.
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(c) O3 5 HMDSO-5ur
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Si0,C
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(a)Pristine c-0 (b) O, 5 C-0
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——
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(d) O; 5 HMDSO-Back
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Figure 25. XPS spectra of (a) untreated (b) oxygen etched (c)

superhydrophobic surface and (d) back face of the oxygen etched and

ppHMDSO coated sample.
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Table 5. Relative Intensities of Cls, Ols, Nals, SiZ2p and FeZp in the XPS Spectra

Surface chemical

composition (%)

0/C
Sample | Elements Cls Ols SiZp Fe2p
untreated o98.2 39.3 2.5 0 0.68
O 1 53.3 43 15 0.2 0.81
02 3 51.2 441 15 1.7 0.86
025 49.7 44 1.9 24 0.89
0O, 10 477 449 2.7 3.2 0.94
Oz 5+HMDSO-5ur 445 35.3 20.2 0 0.79
0O, 5+HMDSO-Back 54.8 41.7 3.5 0 0.76
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O* O oxygen ion & radical

a) b) ® o
o o
I AR A
O2 Etching °° o i o Y e ® {etch inhibitors
—) T— O3 > :
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ppHMDSO deposition

—
pp HMDSO

Figure 26. A schematic showing the process to develop superhydrophobic lyocell fabric by anisotropic

oxygen etching and ppHMDSO deposition.
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lyocell fabrics

Table 6. The contact angle & shedding angle of plasma treated

AConta(ét Sheddirolg Image
ngle(®) Angle(°)

untreated 0 0

02 5 0 0

HMDSO 147.6+4.1 8.2 Q
0, 1+HMDSO 151.3+7.3 1.9 -Q
0s 3+HMDSO 154.345.9 1.5 _._
02 5+HMDSO 161.245.0 1.5 Q
02 10+HMDSO 156.8+7.0 1.5 _Q
05 20+ HMDSO 157.4+5.0 1.5 Q
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Figure 28. Actual contact angle and shedding angle of the plasma

treated lyocell.
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Table 7. Contact angle predicted by Cassie-Cassie equation.

nano pillar size (hm)
O2 Duration fom fn Predicted CA Actual CA
diameter height space
1 32.6 67 25 0.34 - 05 0.3 151.2 - 156.3 151.3+7.3
3 28.9 258.3 26 0.34 - 05 0.2 153.3 -158.0 154.3+59
5 27.1 3194 28 0.34 - 05 0.2 155.0 - 159.5 161.2£5.0
10 19.8 533.7 31 0.34 - 05 0.1 160.3 - 163.8 156.8+7.0
20 15.3 1,112.4 42 0.34 - 05 0.1 1665 - 1689 157.4+5.0
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Omin Smin 10min 15min 20min 25min 30min

000020 o

Contact Angle 158.26° 152 27" 149.79° 142 57 136.00° 131.31°

Figure 29. Change in the apparent contact angle of a water droplet on O; 5+HMDSO-SH over

30min.
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Figure 30. Photographic images showing surface wetting behavior obtained by a DSLR camera.

A water droplet deposition on the (a) untreated
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(b) O, 5+HMDSO-Sur
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(¢) O, 5+HMDSO-Back
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Water droplet roll off
the fiber

Figure 31. Water condensation behavior over 2bomin. observed by ESEM: Top) O, 5+HMDSO-Back Bottom)
O, 5+HMDSO-Sur
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Table 8 MMT results

WT; (sec) | WTy(sec) | MWR(mm) | MWRy(mm) | SSt(mm/sec) | SS, (mm/sec)

(a) untreated 5.3 54 20.0 20.0 2.8 2.7

(b) Oy 5+ HMDSO-Sur 79 120.0 50 0.0 0.6 0.0

(c) O, 5+HMDSO-Back 5.0 120.0 21.7 0.0 3.3 0.0
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Abstract

Development of Single-faced
Nanostructured Superhydrophobic
Lyocell Fabrics

Seong-ok Kwon

Department of Textile, Merchandising and Fashion
Design

The Graduate School of

Seoul National University

A self-cleaning supesrhydrophobic textile with improved water vapor
permeability was produced on Iyocell fabrics via plasma-based
nanostructuring technique. Lyocell fabrics, composed of cellulose
having a high moisture absorption nature, were nanostructured on its
single face using oxygen plasma, resulting in nanoscale features of
pillar or hairy structure with respect to the plasma treatment
duration. With subsequent deposition of a low surface energy
material, ppHMDSO, the superhydrophobic surface was achieved with
static contact angle (CA)> 161° and shedding angle < 1.5°. On the

other hand, the opposite surface of the superhydrophoic lyocell fabrics
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remained as hydrophilic with high moisture absorbency, wickablity
and water vapor permeability. The superhydrophobic and hydrophilic
double faced fabric exhibited unique moisture management profile;
presenting that the superhydrophobic face showed extremely
water-repelling, while maintains its effectiveness in wetting and
moisture—-absorbing on the other face as untreated lyocell. It was also
evaluated that water vapor transmission rate was improved when the
surperhydrophobic  surfaces were exposed against environment
because the increased surface area of the nanostructured lyocell
facilitated vapor evaporation. The self-cleaning textile with improved
water vapor transmission towards outside. The property would be
relevant for various applications such as value added casual wear,
work wear, medical device and other industrial materials, which
require water repellent or self-cleaning properties on fabric face while

not compromising clothing comfort on the other face.

keywords : superhydrophobic, moisture absorbency, lyocell,
nanostructuring, plasma, water vapor transmission
rate (WVTR), HMDSO, self-cleaning
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