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Abstract

This study systematically investigates the effects of various microstructure designs
and surface modification methods on droplet wetting behavior and anti-icing performance,
using two types of substrate materials: NOA65 and sol-gel. The anti-icing capabilities of
surfaces with single- and dual-scale micro/nanostructured roughness were evaluated. A
series of samples with square micropillar structures were fabricated and subjected to
hydrophobic treatment through either physical adsorption of a commercial water-
repellent agent (Glaco) or chemical silanization with octadecyltrichlorosilane (OTS).
Measurements of contact angle, sliding angle, and icing behavior were conducted to
analyze surface properties and phase transitions.

NOAG65 samples treated with Glaco exhibited dual-scale micro/nanostructures,
showing superhydrophobicity at room temperature, with both advancing and receding
contact angles exceeding 150° and sliding angles below 5°. During dynamic icing
experiments, droplets underwent a Cassie-to-Wenzel state transition accompanied by ice
bridge formation, resulting in a sharp decline in contact angle. However, after melting,
droplets were observed to spontaneous dewetting transition and recover high contact
angles. In contrast, isothermal temperature freezing tests under even low humidity
revealed that the physically adsorbed coating on NOAG6S5 lacked stability; infiltrating
condensate disrupted the air cushion layer, leading to no significant improvement in icing
delay. Conversely, single-layer Teflon-coated samples demonstrated robust anti-icing
performance in dry environments, with droplets remaining unfrozen for over 2000
seconds, highlighting the critical roles of thermal conductivity and coating uniformity in
determining anti-icing effectiveness.

The sol-gel substrate was modified via covalent silanization to enhance coating
stability. The fabricated dual-scale structures, prepared through high-temperature
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sintering, featured micropillars uniformly covered with silica nanoparticles, exhibiting
superhydrophobic properties characterized by a high dynamic contact angle and a sliding
angle below 5°. In the isothermal icing experiments (surface temperature approximately
—19.5+0.2 °C), the single-layer structures exhibited a decrease in freezing time with
increasing pillar height. This behavior is attributed to the wetting state transition under
low temperatures, where larger pillar heights led to increased solid—liquid contact area
and promoted heterogeneous nucleation. The average freezing time on the flat surface
was 967.9 seconds. In contrast, the dual-layer structures demonstrated significantly
enhanced anti-icing performance. At lower pillar heights, a stable air cushion was
maintained, effectively delaying ice nucleation, with the average freezing time reaching
up to 4521.5 seconds. However, when the pillar height exceeded a critical threshold, the
air cushion became unstable, leading to increased contact and reduced freezing delay,
with the average freezing time dropping to 364.0 seconds. Dynamic icing experiments
further revealed that sol-gel dual-layer surfaces exhibited ice bridge formation, dewetting
recovery to the Cassie state, and contact angle restoration. These recovery behaviors were
strongly correlated with pillar height. Taller structures favored air cushion stability and

airflow guidance, enhancing post-melting contact angle and droplet shedding capability.

Keywords: superhydrophobic surfaces, icing delay, Cassie state, Wenzel state,

spontaneous dewetting transition
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B8 A 2 W enT eM (o SR AL & RIE bR b0 § £ 4 AR LR IRE
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TR P R F I € BB N R o 0t - TR MEAL & B T 5 F # 4 (Sliding Angle) »
ARFEB LT S DL R Sl 2 T LR PR A G Es R R F g
AR

AR ST SOBRRRF R R LBRE TR R 2 HE L R

:J"\ iﬁ -é,

\:n. ~
i
an
o
H:
C“ﬁ‘

FE A HERS FNEF ZRFTHAEARFEES LS

ks

-

FORMEZPITIAHRY o - A > FR LR LTRFAATI 20 %R
Tohom B OAERORE P FEE AR A G R AR E (20
150 &) e & tifde & (]2 10 &) 175 2I9HRE > * w2 8 4 5% - fuk

BRALEH L BERT gtk o

23 HSAkRGERAE
sk F o P RREAGEERY > FL - A LR MR k-

pRIBEIREY P RFER L

F_‘~

FAP B F O F A ;L_l’f’é-’f#_m:a‘_ K
§ ook - PG AB G iF ARDER B HAHH L FOp KRR
ek TR S 2 F TR F GAS[6,1T]EEF ATV AN G LA T - 2 6o

§ Ak 2 R T e Lk LA

>~
G
-3‘!_};
"
&)
P
=K
[
=
=k
)
gl
= »
oo
s
|
“

FrEANEORE O HA L AERE I REIRN T AT RREY ¢ Bk

Wy B T B VR R R RS T RS e b

FUrRRER T T FE 454 a%%ﬁﬁ%phfbiﬂ’%iﬁiﬁ
EERFRIF -ARAT FERULF O 2T 2 R A E S nighg A B gF
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=Y

B

;»#E""k"‘ = u/ﬁl/ﬁ %—J’ ’

“‘fﬂ

TR RS R P

2.4 FiF Bk

RFREAFTE DT - BH SO RER {HE A AEI EE e
A BX LRI WA T BRI g R AR B R A e o F iR Bk E R
Fe B8 B o 4o @] 2-6[20]%751 > ¥ A 5 T B~ & PenrE B [20-22] R F 804 (liquid
supercooling) ~ = % (nucleation) ~ 7k & = % (crystal growth) ~ - =% 4 (equilibrium

freezing) % # ik 184 (solid subcooling) = & £ » § iR F B A7 deif R EBL FP L MO H

}E'

PKEEE S ER g 2 WA Bk A R AR TR At R R R

FRDFRT N AFRE I RAOKE - EFRFTRAB AR TR ERH

ROFPRINEERBRGA G T o Ak - BRI S At R B PR
- e B s BB R AR M AR gL kR IR I R AR R E o - L

kTt pk o Bl @0 FRF P IR E R N S R IFE T PR PR
Wk faw i F 38 R IR R (recalescence) 0 i@ B ABR f B 3FE F Ao F ok
fo oA A R I AR PRIRF DA IR 0 BRE N TSR o Bt E
RF P ARARTURE RS T FHSKE AR oo k- AR AR R T

BB GG BB S B e R E] > f B § 5B AT A

FAEFEIE RIER FFRTAR &R RIS FE SR ERDRG
BEEIEINRFLALEFRFRAILLE AT PALBLIE BER

—
@
el

= »

o

TR I RBENT T AL ERES B B GRS

AL & SR L L S AL PRI
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Liquid Crystal Equilibrium Solid

A Supercooling Growth Freezing Subcooling

o
1
3
=1
©
a Fusion
g' Temp. .
(T
[
Nucleation
Temp.(T,) | __‘

Nucleation

Time

CT T

0  Solid Fraction 1

Bl 2-6 i if Sk FE B d 5[20]

241 kLS P AE

y)

R FRAANE S Y 0 B s MARTEAR R TR S A A A S TR PR B o
ARG R E D RARE N FApE RAEE 0 w0 BRETE g2 2 AT b
AR o Rp S P A B BIEE T X R A G IBF S P (homogeneous nucleation)
g1 R F = % (heterogeneous nucleation) fa3g 3] -

i:!’?ffr}«%"'jﬁ (A RN INeniE R

=
o
e
S
e
=R
ra
=5
=h
b2
s
=h
%
;.:1

e AR 2K A A B B T A e T

i

=

A EE]
oL A
il -
=

g

=

‘3‘

pd sl ¥ TARBELR EEM R BRI LT HRIER
AERBTAL LR RT 0 F AR L L P 0k S E F 8T
d & (Gibbs free energy) % i* @ f t%4p 2 4p2 B PB4 p o i 1 (AG) ™ 2 F]7)

R R KRRE: S B=z) o I (AGZ)'—"“FT#_é; [24] :
4 3 2
AG = AGy + AG, = 3 AGy + 4nr= - yg (2-9)

11
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HP > AGy = F-R3 pECHFOEIFErpd R 1 v ygs PEAHRR S £ 0

B k- BETEErE pdaEiiEs E ’lfﬁ}{ﬁ‘vﬁ e R T

dAG

SRRk S P ] o BER—= =0 B3 29 BT AILET
2)/sl
* = 2-
r AG, (2-10)

TR 2-10 F B d A A5t TN 2948

. 167'[)/ 13
AGhomo = AG* = S(A—GS)Z (2-11)
v
AGromo » i?’?ﬁ&’]f"'}ﬁ B % f%pdicg y\ij%ﬁ“:’\'** FRPF » 7 A% 2 48 T efuk B

A MR GE N AV ENARERA LS REEMpd AL F Ak
FohSWBH A TE FRRLET pFRIE L TREHE

BESPR#2 an e Alie 8 A8 B F 46 20 - FHAG 7R 4R
TS L e s SRR > R k&R TE P d S HRAEFE M[25] B

Fip o ag e 3V 4o [26]

AGper = f(@) *AGhomo (2'12)
2 + cos0) (1 — cosH)?
£ =" )~ cost) -13)
AGpee s BE S Pt f(O)T&ZBPBIFRF>2f(O)E[01] HP 0L R

AH e B FAPF AP RO A0S SR A Y im0 L2

WEMAM SR LG Lo F S P R S R sk A ST kg sk

R IR A HE[26] o B B T Ak L e R HE BB B P S BT ik p
§oa oA MR P d e T RN SRR LR R

EF3I» Bz r 73 f(0) U=k htid RMERF IRV ETERDCE S

FomEf bt | A AMEEE C FRER] AT HPRE F ARAMA

AR BT FF f(O)ARITI 00 P PESPRATE 0 d GRS R K BT

SR A SR 20 F B AARIT 180 B0 £ o X IAZE KM PIF(O)ARIT 1o

BH AP AT hp d R RERTNBT R iR PR P2 o 50 -
12
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»
ol
-
2
Sk
_{‘\
T
pa
=
oo
Ak
=

HARPEF AR T d aifamt LR "

4o @] 2-7[27, 28] °

Surface free energy

-
’-.’-. q‘.‘

-~
“

AG

Bulk free energy

r
@27 i’]?ﬁ‘?\"}ﬁ—b’?ﬂ?ﬁ%\:’}f*? _‘{-#&Tﬁdnbz [27]
A d ok e
2 #4 4k (active anti-icing) & 45 3538 ¢ F%i By~ 0 LB A EHH A L n LG
SRR o BN E BOBLIRBLIE 2 0 g bk e BB Bk S K chijie o 2

BORBLS JEF B o SRS TSRS RV IEE o T H
ERERS FRPR L0 S TR HFRR S F T R R
Frglkens g b o g A B3 ﬁ? 4 ‘%\'E‘f”/’J\}% v F A &ng"%)’]ﬁiiﬁ o P d &

Ao g A s WRRAIE L F A 2 <8 2 [29]

2.5.1 #uay A3k

7 4v#2 (Joule heating) 2P %0 B * & B L cni dfukdir o 2 R & |+ &
THRITEAA NEARIBRZ LG EA R HAFAkg&a ik ikd
AXoF b B R ARG EP ETW A AT PR E BT RE
[30-32] -

13
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s 4t e #2 (photothermal heating) 4] * £ &£t 22 i et L ex fo % 5 kgt iz th A »
B e LA B R G o B PR e gl 3 R AR N R BT 4
G TR LR E N ET R A R hiEd o Li § 4 [33]F 4 - mATAI
B ac ehp # i KRR A AN BRARESE SRR N ITL MR BB %
A A Y RGR TR T R S ;}%ggj\aﬁgg;%;,k o

Vi) ",ﬁi 7k# 5 ¢ Hansman >t 1982 # & &) Jig * 0407 2 17 7RAR (34, 35]
PP BT TR S BACR G ok ) e ok B AR T SR
kts o okApa ooksoln S Mk i B B - o B R A B BB A 5 2 B P fRiE AR

o B 2 B A e

2.5.2 A3

AR AT R WA AL SRR SRS o (T kR B A e
kR A BB A EE35] e F AL RS BEMS SRR R BugpE o £ 5]
Al & om BAE ARE 0 W KK R E 4 0 BV A HEF 3 Ak (cavitation) 0 1B -
H BT B g S e Ao i@ PR A ARE[36]

@ B % 7' 7k (electro-impulse de-icing, EIDI) P E el N w4 B %R TR
LTSI F g RAPNNAL BRI A HEMA 2 PR BRI R
AR BB R I B € e F A g ok Biba B o 2
%5 A4S EL[37] - Wang % A [38]/* EIDI A 5uth 4 jFME * ¢ > e

7?@%%?%%%°?%%%ﬁﬁ’%Aﬁ$ﬁ?éM%°

253 B 3
O STER I B R RIS AT oL R R R
B AT PP R G 0 BTRELGE A B A R R A G T

kg & R REE K % 4[39] - Zhang £ A [40]9 & 215 3 5 # i BOF Rk B n
14
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Pk R o MR ¢ R AT T fig o B20°C eniE T 0 35 10 wt%dikc

Bl ko BoRFSARFER it 20 B A AT 1265 o

2.6 A IR FE T
# B Furk (passive anti-icing)Z_p w0 R AT 3 e Gy Rk Rk [41] 0 Hfr @
A BOTEF R 05 LS EH e SRR N ST R
BHR G R S ROk AR kTP s PR BT KF g kR
Frdlrk o e P EAT > BRE KR 2 R A o 2 P 4 [42] i kK v A

b % iE T A %\"ﬁiﬁ%m%\ 22k J\}%E];J—BR;(,Kéjﬁ;}il}i_%&iﬁjj%t

F_‘-
S

=3
Py
]

0 B A F R R A AR R i S s S A

~
Z,

2.6.1 AZF-R% @
A2 K & & (superhydrophobic surfaces)i i 444 & & 2 Hook & 2 5F & B eh
CRAeAERH o TR EMLG R N FER ek L RS A B L e KA
e B T oA A G ARF R A R0 R BT AALE 150 & A MR
FlRAgaokd o @ XL BB L G = 2R 0 L8 BT
R e B RF A0 2§ EFHMRE R G iR kIR Cassie H i o ifE
AR A EE RO FRBAGHF R BT AP E[43] R kKA R 2SR
Bz e lRMaBES > Vi a8 RBE > w8 RF b frd & v
Cassie /& fi ™ K jF BRI L > F 5 F B S prALA B [44] 0 SpEH B g RER T K
Brkipd o Guo # A[45]EE T M1 e s P F A LS £ 45 WA & sk
L AEK R BT E A B 5 1559 B2 1555 B 0 %-5°C T AR
PRRlR O BEBETTAG 2 BAPFRRAAIE LG L% 75 B - Hou % 4 [46]
fi* EHMET fffzéé’%'uiqﬁ,%?y R AR KD WA - ol S LR B

B S BEES 70 MOk P o TR F AR A G Bk B E 1295 F) 0 AR Rde At £
15
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Butk A BRE R o A S BEEL 30 Mol enfie 2 2 L)Y o R 24 G kA
WA BT E 16 kPa> 7 FFN Y TR Ln § K o 0P (B T Ak
Mk i&n " MRRABA LS > J rcdrdlrkf & A F his & o Zhang % A [47]:5
WU T HAIE > A H R RAR BT PR A MG D KRR L A
Rt e OB RTRE F R MR o A 0 7 ook T FRE LR c RO Rde A G o
RFRAGERD 45°CHE 2 -92°C Bk D 65 fjut £ T 260 F) 0 fF T A B

o

Yig F RSP o

5

BE AR KA G AT ST BB AW Pk 0 2 AT BT R
PR TR PR AN I A FRAB BRI ST o Y PEH
FEAMLGORERRIESE > R MRSt Cassie R~ RIFWEF AL a4
2 AR A4 318 F 1 % (penetration)[47, 48] & A H £ G % 28 0 H W L
Wenzel ;% f& o & Wenzel A 5™ » F %o FREFH > Lo > 7 Tinse
TR R AP ROk B ARBE SR X TS AR K & G bk A [49]

Flet o FIRKF B #d Wenzel Jx fi w4 I Cassie Jr fi cndg & > ¥ 3 2 A5k £
BoEALBREY PRt ARG MR & -

Yang 3 A [50]% M E ¥ RAgs-k & o b aukf ApgitiEfer § FE 4 EF
BT BT R SR RS oY T E A p g RBRER o E ok
SRGE AR BOR AR PIF F oRTE MR B kihh e o Wang # 4 [8]1H AZ -
FHASECE kA WE DL G B RBUELN TR K Bk A

B FRE RR TR EARY R p B 2 AW J Wenzel w4 I Cassie

~
2

Aefhoe - BRI RFFPIAGF RN RS RL FE gAY LB
R 4 (Marangoni forces) 5k #- - 1L i# 78 4 & fic 2 F B2 W BB 0 &0 BB F R
B EATRE c FHREERT O RFVRACORIEE AR LT A BRA D

97.8%8 98.5% » B 7 i7 ALk & 6 B & BB enpukof HIRAR T o

16
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2.6.2 kLR $3itia

% ik % 3¢ 4 @ (Slippery Liquid-Infused Porous Surfaces, SLIPS)& — f& i #
Foo e BRFFR A BETES [S1] SERFRL Bk F S
A AMY AR G o BAZE KA G 7 o SLIPS & # T f 2 B e

- R R G o Aotk R BT P Bk KR FE

V)

Pkentit F

A[52] e d iR ARG p AL SLIPS REFREIRLS - Tshp )

i
™
Y‘?\m\}
= »
o
.

g E 4R T M[53] -
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F=2% %2

3 REFEEEH

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

LB RY EBPHR

kTP AR R

Fr ik (sulfuric acid) » # 7 it 1 5 95%

i# % 1* & (hydrogen peroxide) > Merck Chemical Co. » 30%

Norland £ & %} (Norland Optical Adhesives 65 > NOAG65)

F = 7 AF 3 = (polydimethylsiloxane * PDMS) » Sylgard 184 > Dow Corning
SU-8 sk %] % » SU-8 2000 ,% 7] » Microchem.

48 4, 7¢7% /% (polytetrafluoroethylene » PTFE) » AF1601S > Dupont > 6 wt%
Glaco 7 7 -k & » Soft 99 Co.

+ A~z = F # %= (octadecyltrichlorosilane » OTS) » Sigma Aldrich » 90+%
£ = ‘% (isooctane) > Merck Chemical Co. » 99%

= % 7 ‘z(dichloromethane) * Merck Chemical Co. > 99.5%

= % 7 ’z(trichloromethane) » Merck Chemical Co. > 99-99.4%

» ¢ fL 7 Bk B (tetracthylorthosilicate » TEOS) » Merck Chemical Co.

vt F 80(Tween80) » Acros Organics

# A% (hydrochloric acid) » Acros Organics > 37%

¢ fig(ethanol) > # P i1 > 95%

[* bk (acetone) » # P it 1 > 99%

FERFFOEPFH

¥k A9 E " 433 ks d PURELAB -k & %(ELGA, LabWater) e

TWE R FARS AT X A 182 MQ-em

18
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32 RE&KE

321 % JCRE

1. @& =g 2-20 uL - Gilson

D

Hcg g SmL > Gilson

3. 3mL %% ¢ > Gplus

4. 23 4 AT Model M8800 » Branson

5. LED UV "4 XLite 500 » ;& & 365 % ¥ » OPAS
6. & % i % IAST0023-EA > Olink

7. R ERIEF 4 B PC-420D » Corning

8. = ]"F +%& 4 > PDC-32G - Harrick Plasma

9. %% > SSP-1200 > Barnstead themolyne

10. 73] 7 § ¥ > Z11,283-6 » Aldrich Chemical Co.

322 RHFEAHRE

1. &% & st BXFM > Olympus

2. Hw R4 2 T 3 B4R TIB-4500 0 Joel

3. 3D F £ $° K A kst VK-X210 > Keyence

4, Fff & 124tz £ PR (contact angle measurement) © F & F P (T K 4 Sb
5. #c® 2 5+3TiF Model NE-1000 » NEW ERA

6. F# & & B % ¥ (sliding angle measurement) » F 2% % P 7 23K & st

7. B i Ed g T 5 08MRA-3 » Unice E-O service Inc.

8. = air#lm%H B 08TMC-2 » Unice E-O service Inc.

19
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11 B R & & 5B 1% B HTS-600S » ¥ 4 7 1
12. #4734 o 4 4r 8 o £ it e CP-061HT > TE Technology Inc.

13. # 7 B 8 TC-720 > TE Technology Inc.

323 4R 5%t BH

LR E R AESAS R AT X LR o B F

lﬂb

F 50mL; *&4 100 mL ~
300 mL ; #& &% 50mL ; 3t % (parafilm) » Bemis ; ¥ %} & v 53 ; & ¢ #1 ; 45
PRRSE R RS R R SBA B AT fie kTR

S 235 5 100 g 72 AG

33 AR AR
331 kL AF L & %—’f#. SU-8 = %

AT RN WA R TR P [54] 0 E* f k& SU-8 T3
B MR AR 2 BB M AN F T f R ILA Rk g0 (soft bake)
gt 3k (exposure) ~ & & {5 $it 7% ~ & B (development) ~ A % (hard bake) 2 % K % iF
Yo@) 3-1977% o F A REF PG LR > X RT3 MR A S
Y RIFF 0 A& R E LT R RA G  REERSRPARY -
FRBTIT FHAEF FEARLE S ok o Ry A G ERCEARE & &

ER

B 18 0 5d SE# % 52 (spin coating)#- SU-8 ke #3953 % F 3t gag b s

el

A PR A o MY 100°C F TR 2 gk g 0 1 IRARR
WAL o 4 AT iS RAEK “f#h?]ﬁ k¥ B pEE o F LE 350 -400
nm 2. % RIRE T 20 fyR K c BA R B E X LE T 100°C & TRk (S B AR
Bowite REFRLZ SRR o 1B+ R "f%vﬁ doh e PR Bt W 38 e R

BR800 150°C A M ad® > 12 = > F i SU-8 g # 3 5 H 8 e o 542

20
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15 % PDMS i 27 SH 2 F@er > 302 ¢ & 6 g% i wiEH PTFE - % i

g% 5 4000 tpm v 17 E By A gk g o

(a)

1. SU-8 coating 2. Soft baking 3. Exposure
- l l l l l -
100°C, 2 min Exposure 20 s
4. Post-exposure baking 5. Development 6. Hard baking

100°C, 2 min 150°C, 10 min

(b) (©)

Bl 3-1 (a) Eagpcp % @z r LB (b= 2 SU-82 % (c) SU-8 & %320 2

% B ST dp R

3.3.2 PDMS £ & #-4] ] i€

BB et A0 E o R VAR AR AT L R 1 0 (5 gk 1F o )
PR R AT ki Aok SUS A F R G 0 BT GF i B s ok
IS TUBARE F IR ,;%’gbgggu,kgﬁ« AR IR A B B g
FNTEAAIE G A P L o

PDMS «fifie @i 427 » £~ 36 oI Rf A H|2r 3.6 s 2 WA B A& > 2R 10

21
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R G2 o WL FE 30440 RFIRE AL cng @ B EREAT FE R

BLEF PR S PDMSREEFERE » %3 * Pt ? > WL AL

.‘J

Freng e o 53 A RA AT LS LR k- B R AT F e RF 231

3o PF e HitELLE > Bk

ETTNS

B S E 130°C e P EFAFT C FRAXK

B FET B R4 B PDMS = 24408 0 s BB G SU-8 A P &g

1 Pour PDMS prepolymer over the

SU-8 master plate

v' PDMS:
Prepolymer(A) : Curing agent (B)

Cure, and peel off the PDMS stamp
¥' Heat at 130°C for 3hr

B 3-2 PDMS # e & 4l (e B)

333 HBREEZ UV R Fi 2 Q0 H NOA6S k&

L #ovAHdEHha
MR B B R L 2om x 15em HE R > (TR ST s A o

B 95%EFIAE 30%EF & RAA 73R E > el § A 473 % (piranha
solution) » * ¥t 4 sk At & G 2§ BIF AP o MR REB R B EHF L SR

1 120°C > HE BT > #e R B FRENRRY 3044 FiER

HH O BMF S R T BRI KRR SRR YRR SR R

22
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ELIE I < op u%rr‘%. ;H:J 2 Téﬁ’* J\m/?/ifi «T’i"‘" f;ﬁ'—ﬁﬁﬁgﬁ * oo

ERFRE T AN EL 7 fr e T L2 PDMS R 0 X iR
*F #%ﬁééﬁ;d\f}%/klé P Il E K PRE o NS MR ABF Y 2 BT
PN EETASTE  REEN AR A Y o R PRFE RPN L
& F 4t X 0.1 mL NOAG65 & 7] i %% » | FFf L& i 22 PDMS #- £ iT 5 REEF
FoENUPRIGBLFIRE G FNSIRLAL R AR E SRR A
BB R s im UV B AR 3 ) B FRE MR 2E S #

" PDMS H-8 » % 217 % ot ok g2 46 o
HE X ERRe-R4a
% & ;—f#w Wi itk Sd G F e 1.0mL ~ 2 wt%2 4 & 35 (PTFE)% %
TRk kR o BB 10450 0 ORI g 450 2000 rpm e 10 £ 0% dc i
FIE RS chik oo ME1S B 2T T0°C 2 e e b 4o dh 15 A4 IR % R 3D
IR ARG LR GERRBREHRFZ A A HE B R BHEL G
2 g K SR 0 de ) 3-3(a)¥ T e
BRi: A RMEREI KE G
- HED A Eprkda o B OB ERENE Glaco 1T 5 A2k
BAEMAE BB AL S § A0 T2 - F 82 KRS 2 SR A - %
Glaco M AcB % 3 iF 4 1O mL *t ¢ 2 3 gl itz 54 6 > 4 G ER2R
Hedx e g 5> (2000 rpm, 10s) » @ % K 323 A 0 Xk 7 RAEIZ(70 °C,

15 min) 2z 3 A 75 ) 3 "’biﬁi"“&’ﬁ&ﬁf"‘"% BREE o bt g B
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FAFZ o a1 A G 2 AZE Kok o doB) 3-3(b) 4R o

UV light
A=365nm
{a) v" Expose 3hr

o ¥y Seevien
e 3= -

NOABS = Norland Optical Adhesives

2wit% PTFE

3 times

N Y 70°C, 15min

(b)

Bl 3-3 $c/R 2 2 UV k F 12 f i NOAGS # &7 & Bl ° (a) ¥ & Ak dedk & -k
o (D)FEK MR Kl me R AZE K& 5
334 HREEHH Sol-Gel 1 &

1. XERPLAHDEH R
TR BT A F 8 NOAGS HhdAple » £ B 3Bkt d w7 & ¥ {3 5 4p
otz kB kB AH Ry 2 73 Mg ez 84 Rk
FRR/FEF k) PP 120°C T 30 A4 Ep A B A IS AR
R TR REF R R A Ao
2. ﬁ@&%ﬁ%E%&$%ﬁL%ﬁ
AF Y TR Y 2 B0k A (sol-gel)a ik 0 (TR R E AR
SRR e § ko kA 1325g @k fE~0518g ARk 1S5gr e AR
(TEOS)%2 0.6075 g % o 7% 13 Tween 80 4c » H M A v 5g @ » 304 b P ik
EXEERFAS0.15mL BAIFL Bt A o ngfe > VB WEEALZET (9
25°C) ~ 240 tpm FF T 44 3] E > I IGEOR RSB ARE F Ol o AR 18
BESEFE W r i A2 2 fH > EREF L RkERLE AR
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B AR o

FRRESCE ST SIECHA & £ R PR 0E RECE SR 5 S AN

-

PR F F P80 UL w i R RF R A G 0 FE 30 f 0 BaEREE
Pic o EEF L 4000rpm e R G O10 )0 RBIRICAHM I VA E RIS 2%
R oo B2t e o Hmmw%‘aﬁ:%@gmﬂ@’uﬁigga&umm
BRFRE LG 0 Y 30182 2000 rpm e g F 20 F) 0 nE A LG K
2333 n ol (s o #-PDMS & F ARRET 100 g 2248 & T g RATIE
iﬁm’%gﬂw%m’%*Tm%buﬁﬁﬁmﬁf$?ﬁi; Fe R Er
AR R EEHMY  F RS RD 150°C £ 15 ) pE o B R Y
BAREFITEFRAFACFE B o ARSI A AL OMPFLAREE  BERENFET
pERA g R 244t o kg PDMS R > WA I F R EARR
A T HRFRIBER IR SR R IRF RA

WREBY o E S 1°C i F L E T 600°C ¥ AR AT RIF 30 4

e

B0 IR AR e SR DS LG PP T R 2R g o - B
RS G F RGO NP R ERT RS REED TE
REedokier P BEEEG - F L P HE B RS &6 4oB 344757 o
Rk UK A KRB 46
SUAEER B CF P AR AR BB B S

R AR RS (RS 1024 K)o F AFB0003g 2K B F LT 0 b
> ImL Eoke e > RN FARTRT RF 30 A4 R E AR
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Icing Melting
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7 A-1 H & sol-gel # 6 T8 § 5% T Fwf ke

ot

Substrates  Experiment No. Icing time (sec) T, (°C) Tgiass (°0)

1 24.9 -23.0 -19.5

2 3771.6 -23.0 -19.6

3 626.1 -23.0 -19.6

4 212 -23.0 -19.5

S Flat 5 4212 -23.0 -19.5
6 3160.6 -23.0 -19.7

7 27.4 -23.0 -19.7

8 144.2 -23.0 -19.8

9 514.3 -23.0 -19.8

1 374.9 -23.0 -19.4

2 26.3 -23.0 -19.4

3 952.1 -23.0 -19.4

4 34.0 -23.0 -19.4

S350 5 391.8 -23.0 -19.4
6 40.1 -23.0 -19.7

7 34.8 -23.0 -19.7

8 321.6 -23.0 -19.5

9 17.5 -23.0 -19.5

1 14.7 -23.0 -19.4

2 20.0 -23.0 -19.4

3 30.2 -23.0 -19.4

4 829.0 -23.0 -19.5

i 5 81.9 -23.0 -19.4
6 459 -23.0 -19.5

7 532.9 -23.0 -19.6

8 27.6 -23.0 -19.5

9 48.2 -23.0 -19.5

1 44.6 -23.0 -19.4

2 66.6 -23.0 -19.4

§5-s 3 62.7 -23.0 -19.4
780 4 4173 -23.0 -19.4
5 79.1 -23.0 -19.4

6 200.0 -23.0 -19.5
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7 51.0 -23.0 -19.6
S350 8 50.7 -23.0 -19.6
9 71.0 -23.0 -19.6
1 33.3 -23.0 -19.6
2 27.8 -23.0 -19.4
3 36.3 -23.0 -19.4
4 25.9 -23.0 -19.4
S35 5 29.7 -23.0 -19.6
6 28.9 -23.0 -19.8
7 33.0 -23.0 -19.4
8 24.4 -23.0 -19.4
9 35.5 -23.0 -19.6

P Tggss » Bt 2 m R R RE A4 4P Sk B g I3

o A2 Bk sol-gel 2 m TEFH T wF HREKE

Substrates  Experiment No. Icing time (sec) T5ee(°C) T gras5( °C)

1 22.6 -23.0 -19.4
2 >5000 -23.0 -19.5

SDriq: 3 >5000 -23.0 -19.5
4 81.6 -23.0 -19.6

5 >5000 -23.0 -19.5

1 3866.2 -23.0 -19.5

2 45.8 -23.0 -19.5

SD3%3 3 >5000 -23.0 -19.4
4 734.6 -23.0 -19.4

5 4553.9 -23.0 -19.5

1 >5000 -23.0 -19.4

2 >5000 -23.0 -19.7

SD3 5 3 >5000 -23.0 -19.4
4 2607.4 -23.0 -19.4

5 >5000 -23.0 -19.4

1 173.7 -23.0 -19.4

2 2906.0 -23.0 -19.4

. s 3 >5000 -23.0 -19.4
SD3 56 4 1041.4 -23.0 -19.4
5 59.5 -23.0 -19.4

6 541.6 -23.0 -19.5
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7 1200.0 -23.0 -19.9
SD3%0 8 124.2 -23.0 -19.8
9 1628.1 -23.0 -19.7
1 539.4 -23.0 -19.3
2 102.6 -23.0 -19.4
3 62.0 -23.0 -19.4
4 140.8 -23.0 -19.3
SD353s 5 455.5 -23.0 -19.4
6 1199.7 -23.0 -19.6
7 63.5 -23.0 -19.6
8 76.9 -23.0 -19.6
9 582.0 -23.0 -19.6
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