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Figure 2. Schematic illustrations of different cases of wetting
states on rough surfaces and calculation of f;, £ (retrieved from

Milne & Amirfazli [2]).
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Figure 3. Different wetting states on solid substrates (a) a liquid

drop on a flat surface (Young’s model) (b) fully wetted rough
surface (Wenzel’s model) (c) a liquid drop sits on top of
asperities of rough surface (Cassie-Baxter’s model) (d)

intermediate state between the Wenzel and the Cassie—Baxter

state (retrieved from Feng & Jiangl[1]).
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(a) ¥ 2 (C) {a) Level surface,

drop placed with

hole leading <

{b) Same drop as
{a), surface inclined
1o the sliding angle

Dawnihill

(b)

Figure 4. Schematic illustration of water sliding angle (a) Profile
of a water droplet when the substrate is tilted a’. y: surface
tension, ¥:' surface tension which acts to x axis (parallel to the
surface) O@min' minimum contact angle observed when the water
droplet is sliding from the substrate, &max’ maximum contact angle
observed when the water droplet is sliding from the substrate,
mg: gravity force, mg,. gravity force which acts to x axis
(parallel to the surface) (b) Top view of the surface tension force
distribution, ¥.:: surface tension which acts to x axis (parallel to
the surface), Ye: surface tension which acts to perpendicular
direction to the axis of inclination (c) Different shape of water
droplet when different methods of tilting plate were applied.

(retrieved from Pierce 5 I[31])
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Figure 5. Natural superhydrophic surfaces (a) photograph of a
water strider standing on water surface (b) SEM image of the leg
with binary structure (retrieved from Feng & Jiang [1]) (¢)
photography of water droplet placed on a lotus leaf (d) SEM

image of the binary structure of lotus leaf surface (retrieved from

Li 5 [4D.
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Table 1. Classification and summary of methods in preparation

superhydrophobic surfaces

B 47
7 Aol 5& olgd mWel SAd no
)
SR photolithography, plasma
A
(Top—down
approaches)
(retrieved from Li &[4])
=ds Z¥et] & FxE
AN [e.g.]chemical deposition, colloidal assemblies,
S layer by layer deposition, sol—gel methods
rree  EiEey
(Bottom—up ®_ T -§-
approaches)
o
(retrieved from Athauda &
Ozer[19])
B3y Aowde eaw Ao, ¢ ou
(Combination 4 Sl UR. dutrow 5k
of st xde] & FERE WEi olF
Top—down Me ARgste] AE TxE 4.
and ST x5 EAMSk=H e e
Bottom—up combination methods based on chemical
approaches) |vapor deposition (CVD), micelles, electrospinning
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o (2R + o) Q

Figure 6. An example of rough surface to calculate surface

321-1:1

olt

roughness indicated by r (Wenzel’s model) and £; (Cassie-Baxter’s

model) (retrieved from Lee & Michielsen [18]).

_ (2R+d)*+2nRh
. (ZR+d)2 (Wenzel state) (10)
. mR*
fi= (2R+d)? (Cassie —Baxter state) (11)

Erl9-0] Wenzel 227 o] Z7]2 ¢+d3s] o} 24 AeEgd &
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h’(0<h’<h) 8] Zo|vtsz F33& =o]7F+= Wenzel®} Cassie—Baxter?

<+ 7 H (transitional state) 2 A wl= A AlAke] 21(12) 8 ol

ob7h 1 Hzta)AT)

__ mR®+ZnRh
fa= (2R+d)? (transitional state) (12)

Figure 7. Liquid penetration into gaps between asperities for the

depth of h’ depicted in Figure 4 (transitional state).

Figure 79 F%|A h’=02 u] Cassie—Baxter state ¢l Zo]1l

h’e] hell 717 A5 Wenzel stateel| © 7H7H*] = Aol
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c=0.52065nmo]|t}. o]AAQl E&xfo]lE F29] c/a = 1.633°=2 <4
A om, ZnO A c/a HES 1.57960.% A9 o] Al &xto]
E AYTxE #Hevdan & ¢ Aok [25]

Al E A TFZ UHE EtEY Zn*Tol& 0% o]0 F
AbaAE o] wldE e 9lth. F, Figure 894 & 4 9l%o] Zn**
o] & (0?7 0] &) 0% ol&(Zn?Tol )0 IR Y& FX
AbEA meFow AFste A APFHA sp? F
oA EALE Rt FAMHA FEHE o] FH
Absloled AL oF WO R Zn*fol 23 0% oo F
Hojolth. olefgt wid wjite *@ro}oﬂ AL cF W 1dle =4
wo] o2 g B =0
geo) vt te BduAE 2] b, B WeHES 23
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Figure 8. The wurzite structure model of ZnO. Shaded gray and
black spheres denote Zn and O atoms (retrieved from Morkoe
[26]).
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JAdE-62  FAHAUY. FE
FRYA G AN FYst] A A& 542 ofd Table

Table 2. Characteristics of nylon fabrics

Yarn count (Denier) 210
Weight (g/m’) 106.54
Thickness (mm) 0.176
Weave type plain

Zinc acetate dihydrate (>99.5%), trietylamine (>99.0%),
sodium hydroxide (>96.0%), citric acid (>99.5%), Triton X—100,
isopropyl alcohol (>99.5%), zinc nitrate hexahydrate (>98.0%),
hexamethylenetetramine (>98.5%), ethyl alcohol(>99.9%)< X
A A (3H=) AFs AFERO n—Dodecyltrimethoxysilane
(>93.%) = AR Aofo] (=) AF= THsto] AHER
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citric acidE 500 mL FTFFol &5t FnlsktH[28]. Yd & A=
100 ° C °olA 1 A+ Bt skt st o

dst HAdE A& 9ol ZnO seedE IYsH Zn0 Yz E A%
sl #d> Athauda 5[28]19 A& Farste] W3Pepdivt. 1.10 g
(5.0mmol) ¢] zinc acetate dihydrateE 50.0mL<] isopropyl alcohol
of &35kl 100mM zinc acetate dihydrate €9& AZJc} o] &
HE 85T oA 16 & wH7|E o] gste] AHstA Aol Ft).
S 700409 triethylamine (5.0mmol)E &N <o 3 WA WHolm:
d FUAC FYsA WmE $98 85T 1083 o AoFULh &
NS wWHEZOA Wl 9 A 2o 3AIZE WA ST o9t s dsh W o
2 zinc acetate dihydrate® %S 1.37g, 0.83 g, 0.55g% % g3}
3, triethylamine® <& 875ul, 525u, 350m = Eglste] 125mM,
75mM, 50mM2] seed NS FH|sFY T}
FEs AE2 ZnO seed &fo 8EZF HAsto] FHIT F
ethanol®= At FEHI AES 120TCoAA 1AIF Tt 28 €11
Azxsplom, 12A17F St A2oA o Hdxskd
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2.3. ZnO Y2t A%

g FHle e 22 RS Sk AAsld 7.71g
(0.05mol) hexamethylenetetramines 550mL <S&FFo £33t
100mM  &95 FHISIAE. o] &hell 16.4 g9 zinc nitrate
hexahydrate (0.05mol)E Y1 wHl7]E o] &3te] 24A17F F<F AL
AN AAFATE ZnO Y22 Fx2E ¥ 7|7 A8 vE =
o] Aagde] AHstda, #Hgt 100mM §HS FA3te] 75mM,
50mM, 25mM §9& vHES

A2 AE 9o ZnO Y2 E=7F Y434 A3 = A= &
o]t FEtA fo] YdE AES A7 HolxZ (3M, )& o] &3t

of WA o] AlEE 100mLe] ALY Foll #x07 nGAT

T

F

T, 95T 22eA 8AI7F &t Agsiltt. Aluet A&l = §7I
QEA AW T ARoA 12A17F F3E HFo] whgo] FwE]
2 FI

Ashiraf 5[20]2] WS o]&3ste] A5 W &
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Figure 9. Process of ZnO nanorods growth and additional

hydrophobicization.
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Zn0 Y25 A4 A HdE A2 3dW 548 AAFA
7 (Field—emission scanning electron microscope, FE—-SEM,
JSM~-7600F, JEOL, Germany)< ©]43] 2233t}

olulx] A ZZF13MQ Image J (Image J 1.47v, National
Institute of Health, USA)& ©]&3o] FE-SEM ©o|u|X|& #43}o]

Zn0 Y2 =0] yn|, do], dixgs S50t SEMe|u#] shrtel] 1}
eE HES do]E image JE A% H, Y29 FXxE F43l9]
Ao tist wlE&S AL AA 715 $Atele e R S5kl

o 107K ol e yxr=E AEete] YHlgt HolE SAJ L, o] e
= Fasto] diE #he® Bl 2 AR & 57019 FE-SEM o]u] ]9
Hol= ZnO Yx=2X 45 A o] S H#sHY Zn0 Yz XS
n) T2 B}

3.2. 44 #+zx &4

g xHe AR ZnO0 YxzRZe Ad FFxE= X-ray
Diffractometer (XRD) with General Area Detection Diffraction
System (GADDS) (Bruker, Germany)Z w2434t Cu KaXE
300% ZXAFSFY o™, step sizex 0.02%2 ¥ 260=0-40"%
39t Generators= 40kV, 45mAZ ZEs9 01w Cu KaXe
34 A (Radiation) =1.5406 ©| it}
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A7t FAE SASUTE BE A
Haskdth olE EElA ZnO seed
duit AEHA=A Elstua ok FASIHES A Ud
Al FAel vlEiA Zno A § AR FAZE o€l MR=A
Axbgk Zlolw thg 23 3ol ALtegit

o AL 33 34 F
o

weight increase (%) =

Wq: weight of specimen

W,: weight of untreated nylon fabric

3.4. ¥ 38 24 B4

FAS Energy Dispersive X—ray Analysis (EDX,

!

o 3}
Aztec, Oxford Instruments, UK)E %3} EA3%. EDX+=
FE=SEM 7|7] gtell A=} 7] wi-el SEMOIu|AE Ao 5

Aol £33 & ek,

£

A=l xaTAEs SN AAHSFA, sS4 EE
sliding angle?} shedding angles contact angle meter (Theta Lite
Optical Tensiometer, KSV Instruments, Finland) & ©]&3] 22 ofA
=39 AF54E SHE A se EFols FAA HJol AFH™

o) =% ol gstel AR LAARL, 3yl FRFE 47 GE A 7
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Sliding angle®} shedding angle< =743l7] YalA, ABE £T}9]
= ZFEHa fo] AA™ golZ2 ngA AL, EEfe]l= FEa FHo
FHHO|ZE FolA F AFT Aol gtk A AY =1
A4S Zimmerman 5 [36]19 Aol wEtth FRFE "Wolmd FAL
HES AR lem Yol AN, 13 EHS AR Ewe] "o
ey H AgE 1A 7]&9t). Sliding angle &4 Ao+ Alg7F A

Bk AHd v Ees "ol o, AEE 174 TeoA =80l
2em =] "olx]7] A& sl= R E 543 tE Shedding angle 9]

= "ojmg =, =%=°] 2m = 9
oz uj, 71 FAA AEE Ve 4EE ST e A9 53
A wkEsto] 5453t} Sliding angle®} shedding angle 574 WH2
Figure 10°] Z&a}3lt.
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Figure 10. Experimental settings of (a) sliding angle

measurements and (b) shedding angle measurements.
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v

Zn0 Yx2EE Am fo #dauME ddxide uwet o
J o

=2
TR ARANL F e 242 98] gaA uARg

2Ess W ZnO Y2 =9 F27F WeshA 2ebfith Figure 11,
Figure 123 Table 3ol & <+ Ao, &N s&=7F AL
U2 =9 YHl= 7AX 3L Aol Frobsth. o83k FdF

MAUSS Sl AWE 4 Avh[32, 33] & Zinc nitrate
hexahydrate (Zn(NO3); - 6H,0)7} Zn*" o] &%
ol Al¥stw, o] F o]&o] ®FEslo] ZnO Y=
Zlolvy. AAg shebkg-2 o wkeA¥ o [Gl7F SMESE,
g9l hexamethylenetetramine (CgHoNy) 8] Sko] =

uj ol ofef FtA oA R 2EH WFOT o]FdTh SAC|E
Zn0 A4 (00D) ¥ 22 A=2%3 $HS 542 2ka (101), (100)
W ol 72w WS vSAS 9ok Zn07F A E = RS

(

FaAugols] WEel, FHe 2= wHelAq zn07h YAHW o 2@
SYAF] YA WY EWAA 2007t FHD Mt A2 o Bol
WEAT. W FANSS st wgow wgol $49d wi
Az wohe AEw@on ZnOvwzsst Agss Zolth
(GI7h ARSS the2=0] Uns AX 5 Poli Foplth
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CoHyoNg + 6H,0 - 6HCHO + 4NH,
NH;+H,0 = NH,” + OH"

Zn% + 4NH; — Zn(NH3),""

Zn% + 20H" = In(OH),orZn(NH3)s" + 20H™ = Zn(OH),(NH3),
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Figure 11. Surface structure of nylon fabric treated with ZnO or
DTMS: (a) DTMS alone, (b) seed solution alone, (c) ZnO nanorods
at [G]=25 mM, (d) ZnO nanorods at [G]=50 mM, (e) ZnO
nanorods at [G]=75 mM, (f) ZnO nanorods at [G]=100 mM.

Note: For all nanorod-grown fabrics, seed solution concentration
was 100 mM.
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Figure 12. Cross-sectional image of nylon fabric treated with
ZnO: (a) ZnO nanorods at [G]=25 mM, (b) ZnO nanorods at
[G]=50 mM, (c) ZnO nanorods at [G]=75 mM, (d) ZnO nanorods
t [G]=100 mM.

Note: For all nanorod-grown fabrics, seed solution concentration
was 100 mM.
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Table 3. Geometric characteristics of ZnO nanorods: average and
standard deviations (S.D.) of width, length, and aspect ratio of

ZnO nanorods on specimens

25G 75G 100G
Width(nm) 58.54 62.45 112.23 212.55
(S.D.) (13.52) (23.75) (12.03) (59.32)
Length(nm) 900.63 368.54 374.75 236.55
(S.D.) (77.79) (49.30) (55.46) (58.81)

Aspect

‘ 15.38 5.90 3.34 1.11
ratio
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50G, 75G, 100G+l %718k} Figure 13914 &ld 4= Qo]
U2t E AT BE ARdAE 5420 E40E Zn0 Y2 =
yl47F yeERgew ol 31.9° (100), 34.6° (002), 36.5°
(10D)olet[28]. o Al 7f9 F33 dAaE FalA HdE A& el
AAIZL Zn0 Y22 AAS #gld 4 Qldth. (101 A7t
P st Al debvbs AS AR ARRS AE AAS] AR fEoR
JZEoH[31]. =3 Zn0 Ywn2=E AL o %
SE7F AATFF 38 &AolE At At Seed Al

nylon A|5°] XRD 74439} th=A] ¢Sk o5 o}
ZnO seed”t #gl¥ o4 XRDE =7o]

Figure 14¥ Table 4°] 2x5cm A718 ydE HEo| seedim® HY
Zn0 Yx=2E=g 747 & AZEd sXoi A AR FAE
33 4% 7 Ha d S HERQTH Seed AlEE nylon AR
Hlal A ®ighrh A AT, Y2 EE AR o
nAE UdE Azl ulE FAVE 27% o1 FURsElth thAl=
[G]7} AdTE A5 FAE AFSH oz fdA dHs A
2ol [GI7F AAFE ZnO7F A HE HFoz gsiikgo] olF
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Figure 13. XRD patterns of the ZnO nanorods on the nylon.
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0.14

0.12

Figure 14. Weight of specimens treated with ZnO seed or ZnO

nanorods with different [G].

Table 4. Weight increase of specimens treated with ZnO seed or
ZnO nanorods with different [G]

Specimen Nylon Seed 25G 50G 75G 100G
Weight (g) | 0.0865 | 0.0955 | 0.1106 | 0.1267 | 0.1225 | 0.1309
(S.D.) 0.0070 | 0.0058 | 0.0022 | 0.0010 | 0.0059 | 0.0012
Weight
increase — 10.4 27.9 46.4 41.6 51.4
(%)
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Nylon

Seed

Nanorods
(25G)

DTMS treated
Nylon

DTMS treated
Seed

DTMS treated
Nanorods
(25G)

Element WL%  WE Sigma
C 74.7 0.46
N 14.42 0.49
0 10.87 0.19
Total: 100
o4 s e 1 12w w18 3 23w
Element WerE Wt Sigma
b [ 74.6 0.44
N 1.0 0.48
§ “ o 12.45 0.2
In 1.94 0.07

o
g
aiaiabatalaiaiaioials

-
i

[} o4 06 i 2 2 14 18 28 el
Element Wtz Wi Sigma
< 70.76 0.69
10 N 10.7 0.78
0 15.47 0.35
% ] Si 0.24 0.07
5 n 2.84 0.14
? Total: 100
dlgm @ B
2R REL R b e D VR R S SR i Tl e R
Element Wt Wt Sigma
» £ 51.84 0.29
N 5.46 0.36
% 0 18.44 0.2
w Si 0.13 0.03
in 24.13 0.19

Figure 15. EDX
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2. A& B AAY] (A AL

Han & Gaoll12]i= A2 Aol Sl Zn0 Y285 AJZAI7]AL
st EHe s AdbskeE AS ARSI olE &
Cassie—Baxter?] Aoleo] wWE £ ¥ ofYgl Ywez2E F Aol
=80l FHs ottt Zolk IHeke Ae Aljksiiith o9

]

ATNNE LTS AAVFOR ST A4S Adsyor,
/\

fre& ke A Adsii oy, e T 2AFAS L5 o83
st 7HA= ATE AEEA sk

ATl Han & GaoZb AjbeE £ AxMA s 3t ©HA
AANAA, ZnO Hx=z2=e 2 5S4 ¢ & 9dd & U=
2o wHS AsAFoem Mo, A=< A #H
Wgste] & AT FEe Zn0 Y2 E AN 2o 4

Arta & A (13) 3 2ol Al]tslarzl g,

i

fi = (13)

£t solid area fraction of a surface in contact with liquid drop
d- width of the cross—sectional sides
A’ ¢ the depth that water penetrates into the gaps between
adjacent rods
A: projected area of the water droplet on the ZnO nanorod
grown fabric surface

n: the number of nanorods in the area A

/n0 Y2t #4434 AE

ke

W9l ggega, wE
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Zn0O nanorods growth

. V/5/2 d? + 2+/3dn’
A/n

(b)

"'5/2 d* +V3dn'

hi Y

(c)

Figure 16. Schematic illustration of ZnO nanorods grown fabrics in
contact with water: (a) woven fabric with micro and nano-scale
roughness, (b) flat surface with nanorods, (c) surface in step

height with nanorods.
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AR 7R fell Zn0 HmzSrh Aglew wol U
Alol2 Z3e] sold w ok & YT E e AR
SO AN, AE2 Al AAZIZE 7] wiEe]l YwmrEe
24 e Aolx, webd Bol gt B Atz Eid Solg
@ % Uuwes oo pel AW B syl Atn
At (Figure 16). o]t 2 7F8¢ webx 2 (13) A=
3]

7]
A5 vxrrse W S5 34 BEAEE EREo] HAIWEA
o]

=

[l

ST}
o
2 N 4 dn

gn Lo KU

\1

21(13) 2] de} A/nS Alg %™
EAstel A4 A4 e disdste] AN = o, YrerEl
SEM olmx] 42 ojuA] Agl ZzIQl Image JE ©]&3t
AA Y, 2= 4] diE SEMoluAoA Hojx 107] o]
ez d Adgste] FHstn Fo#d e AT 1.05m*e]
SEMOm A (A)elld Hols Y= LA (n)E 5 Alojd o
A ez dRm/A)E S8 em, 578 SEM o] m] A oA
S = Bast #e FSEATh. Figure 17+ SEMo|m]#] oA
2= yYul(d), #eol(h), WEW/AE 43T HHs Helx
Table 5°l= 7t Al ¥ 54 %= HEFHAT

Wenzel E%&0] =7] & Alol2 &3] S8 o4 o, =
h’=h?l 2L AEHE 933, Cassie—Baxtere =W£o] 7] &
Aol2 As Fo7HA de W, F =09 A5 AHE d9Ystsl
#H o= Wenzel?} Cassie—Baxterd T3 -z %W
UtH= Fo] AZlH L lemn, o= 0<h’<h?l 4

h’= a1efshd Cassie—Baxter AH o A5 SAER ol v 25

SAE ol 1HEste ZnO HxEEZE AT AE FWe g
daid =D 4= vk offel Stk &, EWe o] FUMETE

=0l 77kl Ak A7k S U
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Figure 17. Measurement of width (left), length (center), and the

number of nanorods (right).

Table 5. Measurements of dimension and density for nanorods on

fabric surface and f; calculated by equation 13

25G 50G 75G 100G
Width (d) [nm] 58.54 62.45 112.23 212.55
(S.D.) (13.52) (23.75) (12.03) (59.32)
Length (h) [nm] 900.63 368.54 374.75 236.55
(S.D.) (77.79) (49.30) (55.46) (57.81)
Number of nanorods
9 76.19 107.05 62.86 20.48
per 1im~ (n/A)
(S.D.) (3.35) (5.61) (4.39) (2.18)
f; (assume h’ =0) 0.23 0.36 0.69 0.80
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3. AR ®¥ AV 2aFA BA

N
>
Edl
1o,
2
X,
iy
Iy
N

=7t 54435 Figure 18] A3ttt v A g
o

Uz g2 HA=7S 84.2+43.5° 9o DTMS®E A3 Jad=
52 By AZE ¢ Yolxr] wEe] HFZe]l 103.9+0.9° =

%
o
Hore
¥Q
o

HdE 48 Hde 253 22 384 =4 (aylon 6) 5 ZAwW
FEs e de 54E Hivh VA UdE 489 H54e
59.1%2.9 = FAH9len o= mAe yYdE 59 HF74 By
2y A2 ghelv = UdE Amelde ewEol 4z =R o
FrAfod, ddE dEelxe oled ddeol HolA dshrt(Figure

19). Y& &2 guEAR FAE] Qo] EWEo] HHEA}
£ Aoz A Aqyrby] wiEoz Azhen [37, 38]

DTMS A2 38tA 91 ZnO seed?t FHE7Y Zn0 UYrg2tE
A A5 vAY ddE B vlEA 9 =2 2548 29
UdE62 #EHYXA (45.3mN/m) [39]H Tt} Zn0O<g EHo YA
(71mN/m) [40]17F B =A% Zn0O seedy Y2 o 2&|A A
ARZI7E AR aFAdel 7A = FFol FdAUA SIHF A=
FgHT ] A7) wEOoR ALRHET Yin 5[4119 el wEw
£33 Zn0 @A (00D Fdor S HFH2S 93° otk
webx] Wenzeld] o], 24 (2)¢] W= 6>90 7
S/ 570 Srbehr] wiEel Zn09 A#H”
&7l S718 7ol dth

DTMS= ﬂaé}ﬂd e ARG AAHF5Zl S7Feksith Bulliard

S [40]°) M= 43 ZnO WA= 71mN/mA| 9 &A1&
i%a?M gl FHouA7E 30mN/mE  A3dtek. DTMS  # 2] 8HA]
%> 7

HAE AR WEZe] WEY HEZL wh ARA,
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DTMS AHgd Hd& A& HE7E DTMS AHEd Jd& 259
A&7 1ok AR ol DTMSE Agstd Ewgo] ydE 259
AP EAL Ato]l2 HAYrtE dAo] Fols1 (Figure 19), A&
AA Sl AFAZ17F DTMS AH#et dde A& &7 T7h 55
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Abstract

A quantitative analysis on the
surface roughness and the level
of hydrophobicity for
superhydrophobic ZnO

nanorod—grown textiles

Park, Yaewon
Department of Textiles, Merchandising,
and Fashion Design

The Graduate School

Seoul National University

The purpose of this study is to identify the quantitative
relationship between the level of hydrophobicity and the surface
roughness, represented by £;, of superhydrophobic nylon fabrics
treated with ZnO nanorods and n—dodecyltrimethoxysilane.

To this end, ZnO nanorods were uniformly grown in the
varied particle dimensions on nylon fabrics by hydrothermal

process at different growth solution concentrations. ZnO
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nanorods, in unique hexagonal—sectioned rod-—like structure,
were analyzed for their dimension and density to estimate the
solid area fraction, 7;, in the Cassie—Baxter model.

While the static contact angle did not discriminate the level of
hydrophobicity of superhydrophobic surfaces (ZnO nanorods/
DTMS treated nylon fabrics), sliding angle and shedding angle
differentiated the level of hydrophobicity.

The estimated f; was quantitatively associated with the
hydrophobicity measured by sliding and shedding angles for the
superhydrophobic fabrics. The assumption of zero h’ (depth of
penetrated water into gaps between nanorods) appeared valid for
superhydrophobic textile surface, as seen from the strong
correlation that exhibited the increased sliding and shedding
angles with the increased f;. The validation of this relationship is
crucial because most of the earlier studies regarding
superhydrophobic fabrics mainly focused on the relationship
between f£; and the static contact angle, where the measurement
of differentiated static contact angles for rough surface is very
challenging.

The relationship identified from this study can be utilized to
optimize the fabricating process of superhydrophobic fabrics, by
tuning the dimensions of roughness—producing patterns or
particles so as to minimize f; value and enhance the sliding of
water droplet. But calculation methods of 7; should be carefully
chosen, because the correlation between surface roughness
represented by f; and the level of hydrophobicity is dependent
on the calculated 7; value.

Further studies to examine the h’ of the model would be
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informative particularly for the hydrophobic surface whose static
contact angle is lower than 150° (not superhydrophobic), where
some level of liquid penetration may occur and the assumed h’

of zero is not valid any more. The verification of h’ would
expand the utilization of the model in associating the measured
hydrophobicity with f; for hydrophobic surface in a broader

range.

Keywords: superhydrophobicity, solid area fraction (£,
Cassie—Baxter model, ZnO nanorods, sliding angle,

shedding angle

Student Number : 2012—21506

_70_



	Ⅰ. 서 론 
	1. 연구의 필요성 
	2. 연구의 목적 

	Ⅱ. 이 론 적 배 경 
	1. 초소수성 표면 
	1.1. 고체의 젖음현상에 대한 기본 이론
	1.2. 자연계의 초소수성 표면 
	1.3. 초소수성 표면 제작 방법 
	1.4. 초소수성 표면의 거칠기 계산

	2. 산화아연 
	2.1. 결정 구조 
	2.2. 합성방법 


	Ⅲ. 실 험 
	1. 시료 및 시약 
	2. 실험 방법 
	2.1. 정련
	2.2. ZnO seed 코팅 
	2.3. ZnO 나노로드 성장 
	2.4. 소수화

	3. 시료 특성 분석 및 평가 
	3.1. 표면 특성 분석
	3.2. 결정 구조 분석 
	3.3. 시료 무게 측정 
	3.4. 표면 화학 조성 분석
	3.5. 초소수성 분석 


	Ⅳ. 결과 및 고찰 
	1. ZnO 나노로드를 성장시킨 직물의 표면 특성 
	2. 시료의 표면 거칠기 (f1) 계산 
	3. 시료의 표면 거칠기와 초소수성 관계 

	Ⅴ. 결 론 
	참고문헌 
	Abstract 


