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ABSTRACT The PMHS-SiOs superhydrophobic coatings were prepared by sol—gel process. The prepa-
ration conditions, structure and properties of the coatings were investigated by contact angle measurement,
Fourier transfer infrared spectroscopy (FTIR), Transmission electron microscope (TEM), Scanning elec-
tron microscope (SEM) and hygrothermal ageing. The results show that the contact angle of the coating
reaches 163° and rolling angle is 3°-5° when the PMHS/SiO5 mass ratio is 1:1, modified time is 4 h, and
heat—treated conditions are 170 ‘C for 3 h. The coatings also have good hygrothermal ageing resistance.
The crosslinked PMHS-SiO5 hybrid materials was obtained due to the chemical combination between
PMHS and SiO, surfaces. The excellent superhydrophobic property of the coatings is due to dual effects
of forming an appropriate surface roughness with micrometer—-nanometer composite particles and the low
surface energy of PMHS.

KEY WORDS inorganic non—metallic materials, functional material, superhydrophobic coatings, sol—-
gel method, SiO2, polymethylhydrogensiloxane, contact angle

I P I A i ) BB R Z—, BT 1

. EBHKE

BRIV Z MR R, B, Bis 3
T2 7 11 B e

ML KA A o 150° LJJ:E’J%%E PlOk IS EEUR BRSO A A A AT R,
R T A E R A RURE B AR AR T RE, WRTh ol T S A B L PR AR A B A B

. B AL
& Bl RBK R RHE LA, &2

* EHREREEEEESTH (50608034, 50873036), LRI T A%EH
A M SRP (AR5 ) Y8l
2010 4F 1 A 14 HYE9I%E; 2010 4 3 A 3 HUEE EH.
AR N: KK

KB 242 TR T A 7 T i F e AR T B B BEUK L
PRRFEL . A 1 B A A S A A ) A2 TR BT 5 2
AR BREAT D R E 1o B Bl 4% 1 45

B K PR T R E P AR g —FlETE
BUKBRE (G AKT 90°) R HRLREZ M), &



3# /MBS — BERCLH &8 5K PMHS-Si0, R 267

BA YA M AR 2 ik, Wk A CO, ki
JexXt PDMS R0 #E47 2004, w] DA FL SR i de i Ay ik
17001 5 —FhEAEARE 2 0 _L A A KR 1 REAY B R,
1 Nakajima 45 P Fi] S & 0 AL S99 RERE (FAS)
RV IS — B IRE T ) A& A R RS — S b Tk v R A 3R i
W4, S5 T M A 1540, WM 10° AT
BRI, AT, i 3 RERS % T80 () 12530 A e 56
B ARR R 2 S AR TS (MWPE-CVD) | g
W T BT B dagaak O Aok B0 LK
it U &5 sy ik ik S0 & A =, i
Kok, TR ELE T 2004k 22 A5 A, R N Re KT
Uk sk R m, Bk, FR—MLZERHE. AT
BEERTRA . BTN BASESFAFE AL,
ANTFEAR B RIS b T AR A8 B /K e A ik, B
HE BRI PR E X,

AR RIS — BERSERI A0k Si0, L, I
KA & & (PMHS) #ETHUKALECE, R J5 e 5
B R R R DAY, 7R A (5 B B g
Tk e a4 T 2R T A EL A 8 R RRIR I A5 (1% O T
FHERE I R BB AR S, FERTHG R S5 . 5
5 s /K REHF THFST

1 =ZRFE

1.1 JEH

IERERR g (TEOS), sr#r2l, REEif =i
R TR, Sk, S 25%, TR R
T HEER T Y, Tk, TME B TAHRA A
feflt, S (PMHS), Tlgk, &4t 0.18%, |
MRS AR A FIHE 4 JToK CBE, Arsl, K
R Rl 2B s DL Ban s B A
1.2 Z“HEMAESRHIERERE

M3 Stober ¥ 12 4% BT Si0- WAL, W
25% By NH,OH ¥#W{ 4 mL jn#| 30 mL Jo/K £ F
1, 30 'C T HEHE 30 min, PRI 4 mL 1Y 1IERERR £,
30 CHRLERIFE 2 h, R E IR E LR, R4
RIRBRIA L .

TEM I A AR AN S A A
fE & HESERLA) PMHS FIfdiE b, Wi 4 b,
153 Fe mH KA B et AL R .
1.3 EERMFLIE

BB e B SRR e, 275 KIs Wiz it
12 h, F50 5 B oRK . Z8187K . IR . Z8187K R Ik
ZETRZK LR (3 YMRE), M5 A BiRR - o E AL &R
&%) (Piranha ¥, H2SO4 : HoO2 = 70/30, V/V)
T 100 CTFAHE 1 h, 7F IR ZEIEK PR Rk,
150 CHALFE 5 min J5BCE T4 4 H .

1.4 PMHS-SiO, ZENEHI%E

FE R R A PR B Fr FEA TR B, SR
14 em/min, FERIFFEGEEZRE T T4 10 min, FHIK
R, EE U RERAE 5 R, B8 — e EEN R, &R
J&, BHEEAE 170 C R 3 h #H47 FRmEE L,
R 15 PMHS-SiO #8 B /K IR IEAR 5 .
1.5 SRS

M HKERZ LR ERE S KBr R, R
Al VERTEX70 Bl B 2045635 (FTIR)
HAFTLLANERE AT KA JEM-100CX A% 5 HL
B (TEM) WLEE SiOs K TS, USRS 1)
R il i E B A R R B L, RV I K I LER;
Nova NanoSEM 430 %37 & §tH14 81 W f%s (FE-
SEM) /A W i )2 2R T A OB 2, F LB X
FHERRETREAY (EDS) X247 0, WLEERTH:
h 24 B R F KRUSS DSA100 ZU422fh £
FEASUIN 5 U J2 I K B A R B A, R RE R B Dk
B 5 AN ST LR BCE A RA T ML
RIGRAAHIRA T GDS AR PR 16 56 HEAT 10 %
ik, WL E SO R 85 C, X
JE (RH)85%, HEaILEE T 500 h figRE (i,
B — B B TR A i DT 02 A A A Bl 17 42 i
Rz i,

2 #R5ie

2.1 BEAREHNEILZ&GNHE

211 GA&WNEARMAGYH BT
PMHS #8590k AL REE Y, 5N BK AL
A, RO A s TR R 2 A B g . DA
PMHS #HXF T SiOo B 5T fi H e /% B SURE I 4, 01
R Al e PMHS R 09284k, 8 2k
YIRHE 30 CTFRM 3 h, Z5R LA 1. HEWW, 76
PMHS H /A f, il Mk s PMHS RS K
MR 4 PMHS 5 SiO, (L HAE] 1 : 1
B, B AR B oK, 4RSE i PMHS H BEi, $2
ik F N I ST R, ELUR AR AR 22 XSRS
SAREMAE S SiO, R ALY, N5 ABiK
PRy, SEEA AR 24 PMHS 5 SiO, )ittt
Feik#®) 10 1 B, SiO, SREFHIE D HA 5 PMHS
SN 5E 4 AREERE I PMHS i, 24/ PMHS R
{EAREAREE S Si0, HrF-3R1H KV, 34332 SiO, Fi
TRAE, NI R A TR, WSR2,
I, AR RS A RN 1 1 5A1E.

212 PUMER R A ARk A 49 Foh YOV
4 30 C, PMHS 5 SiO, K 1 1 B, sefkas
[] ) FE A ) T EREI S SiO2 BN, SiO, R
BeR PMHS Bt £, J BRI Bk HEHG o, $20



268 I i

o

i 24%

FAYER. B 2 A] 0L, ECERE] A 4 1B, SiO2 FRTH 1)
Pl AR B R (E 163°, BLHTES PMHS 5 SiO, )
FM R SN FEACR RN T VAl Ak S vk [a],
M A B TR, X B TRV ] SR fi Si0,
BT RERE. B, SRRy 4 h SIS,

2.1.3 #amidAZA AR A G Hh LB
— BRI R R UURR 2 B 58 2 0 A RS, PR S
VT, TR — s X AT TR A B, A RE
Y 52 A FEAE B RS A T R [ 5 . B IHH T
A2 I T ESF [V e Ak £ 64 500

Pl 3 22 HA Hh b PRI BE X R0 A 60 s (R Ab P
BFE A 3 h), SHUbHREEAE 30-170 CHY, MiE iR
JE B T AV 7R B4 2, T I o B 5 4 R B30 ) 1
KA, DT (2 £ 0 B K E 155° A4y, EHH
KPR 1R 4RSS E] 450 C 2T, il A R a
AR, (EARTE 145° oA, A PRFFEUFIBKIRE: 4
BT 450 CHf, S AR 1 2 SR R 52 4
SMETT T 46 2 K, BE T 500 CJE, & 2R

140 °

N

130

Contact angle / (°)

125

120

1:8 1:4 1:2 11 21
m(PMHS) : m(SiO,)

1 Ukl A R R R A A S

Fig.1 Effect of polymethyl-hydrogensiloxane con-
tents on the contact angle of the coatings (re-
acted at 30 C for 3 h)
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Fig.2 Effect of the modifying time on the contact
angle of the coatings (reacted at 30 ‘C)
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Fig.5 Effect of the heat—treating time on the contact
angle of the coatings (heat treated at 170 C)
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Fig.9 SEM image of PMHS-SiO; coating
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Table 1 EDS analysis results of PMHS-SiO2 coating

Element Mass fraction/% Atomic fraction/%
C 20.23 29.48
O 43.74 47.86
Na 3.41 2.60
Mg 0.93 0.67
Si 29.80 18.57
Ca 1.89 0.82
Total 100.00
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Fig.11 Variation of the contact angle and rolling angle
of PMHS-SiO2 coating in hygrothermal aging
with hygrothermal test time

A, Cassiel" YOy AR BE R 7t — 2 (EET, W

IRTEARRE R T b ARl 2 — P S 2. WO IR

SEARTE TR 2 2 OR8] 0 T8, DA T AR H s i —

W=, BT B - W - R B =AE8E . BT

Wi T AR B A — o =R, NI T W A

() B2k AR, 5 B A 1 1S RV B0 A 1 IR
R Cassie T2

cosf* = fcosf+ f — 1 (1)

A f W AT R R, AT AR T AR
fil T AR S S AR L, 0 G 2RI 1 2R W
fil 1, 0 g AMERE A

B AR SO A& g e il A8 0 163° 9 PMHS-
SiO; ¥R, AILAHEST Cassie BEAUTHT AT, TR
H A A O 163°, T HASAERE i A vl L] PMHS
TV 4B B R ) I P A5 B2 A R, /N
100° (& 4c). F = FH AN (1) o, FTRASTH IR A 7K
e AR B0 5.3%, BIEEE A 94.7% B2,
X2 K TE VR IR AR T -3 A 18 N B OR8] (1 28 B A,
TR 1 2 RAEE, Pr LUK % TR IR m AR
HHED), LRI A 3°-5°, R R 2 <
i AT AR HEL A B2 [R5 552 B i e /K P A ] e
DAL,

3 & »

1. KM sol-gel i, £ ~FALREHEIFIIANGH
FEME TR BE AL, 4 T PMHS-SiO, #EB5i/K
IR, TR IR & A R AR SA LA —CH Bi/K M,
FHRA SR A B9 AR BRAIRSE ), RIHE LR
R B K RFE



272 I i

5=

2 24%

2. RBK R B A 1 e AR R SO ]
4 h, PMHS/SiO, JRI K 11 1, HALHEFE 3 h,
PACFIREE 170 C. FEMRAFT, Bl A mTis 163°,
R Tk 3°-5°, WRME R 00 5 A R KRR LA
i ¥ R RE

3. Xf PMHS- SiOy IREMHOWIE S HF 5 & B,
SRR, AR RSB R e, W2
RIS A0 T VR ZRiA2A 50-400 nm 114
DRARLRE FEE 11 B 44

2 F XM

1 L.Jiang, R.Wang, B.Yang, T.J.Li, D.A.Tryk, A.Fujishima,
K.Hashimito, D.B.Zhu, Binary cooperative complemen-
tary nanoscale interfacial materials, Pure Appl. Chem.,
72, 73(2000)

2  W.Barthlott, C.Neinhuis, Purity of the sacred lotus, or
escape from contamination in biological surfaces, Planta,
202, 1(1997)

3 A.Nakajima, A.Fujishima, K.Hashimoto, T.Watanabe,
Preparation of transparent superhydrophobic boehmite
and silica films by sublimation of aluminum acetylacet-
onate, Adv. Mater., 11, 1365(1999)

4 M.T.Khorasani, H.Mirzadeh, P.G.Sammes, Laser induced
surface modification of polydimethylsiloxane as a super—
hydrophobic material, Radiat. Phys. Chem., 47,
881(1996)

5 A.Nakajima, K.Abe, K.Hashimoto, T.Watanabe, Prepa-
ration of hard super—hydrophobic films with visible light
transmission, Thin Solid Films, 376, 140(2000)

10

11

12

13

14

Y.Y.Wu, H.Sugimura, Y.Inoue, O.Takai, Thin films with
nanotextures for transparent and ultra water—repellent
coatings produced from trimethylmethoxysilane by mi-
crowave plasma CVD, Chem. Vap. Deposition, 8,
47(2002)

I.A.Larmour, S.E.J.Bell, G.C.Saunders, Remarkably sim-
ple fabrication of superhydrophobic surfaces using elec-
troless galvanic deposition, Angew. Chem. Int. Ed., 46,
1710(2007)

N.J.Shirtcliffe, G.Mchale, M.I.Newton, G.Chabrol,
C.C.Perry, Dual-scale roughness produces unusually
water—repellent surfaces, Adv. Mater., 16, 1929(2004)
L.Jiang, Y.Zhao, J.Zhai, A lotus—leaf-like superhydropho-
bic surface: a porous microsphere/nanofiber composite
film prepared by electrohydrodynamics, Angew. Chem.
Int. Ed., 43, 4338(2004)

Q.D.Xje, G.Q.Fan, N.Zhao, X.L.Guo, J.Xu, J.Y.Dong,
L.Y.Zhang, Y.J.Zhang, C.C.Han, Facile creation of a
bionic super—hydrophobic block copolymer surface, Adv.
Mater., 16, 1830(2004)

L.Feng, S.H.Li, H.J.Li, J.Zhai, Y.L.Song, L.Jiang,
D.B.Zhu, Super—hydrophobic surface of aligned polyacry-
lonitrile nanofibers, Angew. Chem. Int. Ed., 41, 1221
(2002)

W.Stober, A.Fink, E.Bohn, Controlled growth of
monodisperse silica spheres in the micron size range, J.
Colloid Interface Sci., 26, 62(1968)

W.Ming, D.Wu, R.V.Benthem, G.D.With, Superhy-
drophobic films from raspberry—like particles, Nano Lett.,
5, 2298(2005)

A.B.D.Cassie, S.Baxter, Wettability of porous surfaces,
Trans. Faraday Soc., 40, 546(1944)



