20134 $58% 5 148): 1326 ~ 1331

a3 b &
3

it www.scichina.com csb.scichina.com

@( R R ) Jeidil
SCIENCE CHINA PRESS

— PR A - 1 A K i PR IR S AR

LR, 3ET, VB, Mgk, ik, 53, wR, BE
FEALIRTE K22 b T2fbe, ARSI E 0 TR ZE T E S 0=, 224 730070

* It 2 N, E-mail: yangw @nwnu.edu.cn

2012-11-26 Yicfi, 2013-02-06 %52
R % A SRBLF 4 (2087310 1) FIZ & B A1 57 A1 BAIR H % B

T %

K R 22 A W MR DA AR A T A R
UK IR YN MRS D A NS O E SN . )
R AN R B R Tl MR TN Ol = [N = [V
K FEAKTE b EEAEN, KR R4 1) S
S5 TG 0 DR HL I 27 A0 1 A R A 0 A 2 T T LA A
TR M K 465 K i R REE T AE 5 A F 9 $ S 1O Bl
BRI AR E R, — R 505 L K ARG 6
BORMitE, Hrh, Whitesides HF5¢2H 042 i Y 4 B il
(soft lithography)$¢ AR 0 28 ¥ A 2 1 Bh2% 19 T JafF 58
X% %A AR f——PDMS S B g LA L
PRy = rad I T N o I s Q=R G R
AT I ARG AR . Xi A Jiang ] ] PDMS Ji;
IhE T B AL 21 ; Feng % A\ 858 1 #4E)1 ' PDMS
B R 10 RAS 1 B far i 2L 5 T 0 o 1) M1 2 B2 2R & 0
HHK F H; Weibel %5 A/l PDMS EjJ & 56 8 F B
H AT AT 40 A A B B SR T T S

Bl R AR B B A R PDMS 1R ED
. Feng S \POLLBURAE WA, LAPVA RENTE, il
7% 15 B AT A0 [ (4 PS 8 5 K A%, Vogelaar
25 N BURI A 40 25 0w 8 B A (phase  separation mi-
cromolding) il & i B Bl L2 fLEN 5 Gao %5 AP2LL PEI
REREE, B RIS, MR, D

DL AL K T AR, A E 45k 104 1L = 4k (Fes04) BUR 2 B = W 207 4% (PDMS)
WERAETEFHMARERE, RAFINF O KREH, B3 T
HHERENFAGA-BERRAKRT, HEATHESER THAE T LA F OB E, S
3R E| 169°. F|H A F L HESEM)., X 44 1% (EDS)Fr 8 fik A SUxd 7 Z 34T T RAE.
#| %t PDMS-Fe;O, N EF LR E L, LR IR L. MR

Kehiltin)

EE ]

a9k M E A = 4%
# B K

I I8 M

A K AELRE 25 40 68 T B0

WA EE MM S WP b Xu FEAPH— M0k
i) 7 Hh 22 LB a] DA AR R 3 L 8 TR AN R AL
T HEATHER A O A E . SR, X LEEE S PDMS
M, FFEBEPUMRIEREATEE | AR A . MELIR
BUE A6 Y, BT LL, FIR] PDMS  EHE A
PRR AR R AT AL Fr B | BT A O 1 A= 1A
FI Gl AR A5 75 5K

{HJE, I PDMS 9 B & B 45 21 A9 2 TP 51
AR BR T BB 07 A A A B B Gl g oK 4k, A2
T [ S84 21 (9 F AR e MR AR, BT LA, ] 7 52 i i)
e TN R P i A S <R B S A ) WL RO
VR T I (4T R A

UTAFR, A DU SR AL = Bk (FesOu) 94 KL 1 ¢
SRk 3 T LA 42 % T RDRE B2, AR SCHE AR
PDMS E[1 5 J5UA A K 4548 (19 25 All_E, 38 5 PDMS I
A R G AGIK FesOu BTG I AT Hi 1 AN
KEEH, WNTTFRAT T 57 7K P 5 A 14 5 A - 1 3 o i 7K
I

1 5

(1) MREIRKH. B WS RE(PDMS,
FE FEFA1E1L5)(Sylgard 184, 3E[E Dow Corning 2

SIARER: SuahE, LR, ¥R, 5. —FE AL AR -1 R K SR A i 4 5 RAE. BlAgiE R, 2013, 58: 1326-1331

MaR T, Wei Y L, Guo H, et al. Preparation and characterization of a new bionic-recreation superhydrophobic surface (in Chinese). Chin Sci Bull

(Chin Ver), 2013, 58: 1326-1331, doi: 10.1360/972012-1497




Al), 4K Fe,O4 BRIE R (HAEAT 100~300 nm Z
], Aladdin 7)), FhER(HHR R AR, = A H-
LH,1H2H 2H-1 =3 -N-2F 3 EELE (Aldrich 7).

(i) 1288, X JF4aeik(EDS) M fE X ik
B EHGE L GEE Kevex 24 7)) LE T, AR ETES
H ISM-5600LV ¥ 47 R 30 25 45 4 i o Tl
(SEM)( H A% H F 22 28 B R AE ;K 32 il f I0) t 7E
SL200B CA-A FUFE il /I & (i (5 R A
BRA D E#EAT, B 5.0 pL ZEME/K A MR, 7ERE
A MR X IR E A ECS e, K41,

(i) P5A-maldEEmKEREWH &, #

PDMS-Fe;0,8&%)

PDMS 5. ELH 599K FesO4 ¥ HE i &t LN
10:1:0.4 (Y ELEIER AR, BEFE5), BRI
Jii, 735 PDMS-Fe;04 ¥R Y. W 12400 W F-hli e 48
A RESAS A B AL IR, 7EH FEHLAE T 60°C
M2 hy /NG ES R R AE 1 mol/L ) HCI ¥ )
o5 min, HCHJE K& LB KM HA AW T,
135 PDMS-Fe;0, 3P EN TS, iz i BN FEAE — LA
-1H,1H,2H 2H-+ =3 -N-F 3 b 5B PR FF 30 min
Ja W, K 5 AR BT A 1011 () PDMS 1572
PR C AR LS BN TR T, 7E 60°C A T
B 2 h, FE 5 RS2 A B UK R AE 1 TR).

60°C, 2 h
BERTEWRE #E PDMS-Fe;0,E0E
1 mol/L 2hE8BR
5 min
PDMS-Fe;0,£)2 PDMS-Fe,;0,£02
ﬂ N.ORF
=Z28E-1H,1H,2H,2H-
TEEN-ERERSA
25°C, 30 min
1 /SPDMS-Fe, 0,12
\ PDMS-Fe;0,£)2 /
60°C, 2 h PDMS
{5 - BR AR T e

£/t/SPDMS-Fe;0,£0%

B f5E-BEEnK R B & AR

1327



a4 % B & 2013&E58 #58% £ 141

2 giRkSie
2.1 - S K A i PRI i B 2 i TS B

43 5% 4l PDMS EJl % 1 PDMS-Fe;0, Ell & 2% i i
17 SEM K, FriggsaniE 2(c)fid)frn. Eit s
FAR BB AL IR 2 1m0 PO SO ZS F (] 2(a)) % EL & B,
THEHE KRB AR T UG A S, U IR
JHl PDMS Fil PDMS-Fe;04 % & ¥t 52 e AR 4 b 52 il B
PAE R . X P AT K (B 2(e) B (D), KR
PDMS- Fe;0, E & &1 81 77— 28 RAE R 200 nm /2
F LI, X SE AL IR A R 40K FesO, FURLIR 2505 FF

. T e
‘:EEEIII- h I’ Aum

BT RYEIE. 12 i T X YR LI A, Bl
T RE ARG, i3 m S hkRE, A2 &
TAPRLR T s K. XPFTI4E PDMS B E #E AT
2 ik B R 45 39 1) 2R T AN A SCHIT A 21 14 05 A - P AR T
BEAT I A A K (18] 2(g), (b)), K BRR AR G073k B At
PR AR 122.56°, 1747 A= -3 2 T 1) 42 fh £ v
ik 169.11°; ZHRHECR M, 23k o 2R B ALY
e R PR . 18T 2(b) S 0 A= - P i i 2K 2R R
SR, 5 R IR BOR AL R L SR # AR

A5 Az - P 2 T A R i K VS R] LU Cassie PHIE
PEATARRE. AR Cassie AP cosOr=ficos O—-fHGHH,

B2 RABREMRE 5054 -B @R RE NS REK R R
(a) RIRBORAENE: (b) (k- KT (), () PDMS fESEFIFERIM: (d), (1) PDMS-FesOq ENTERIAT; (o) 164 R i ENV I 1 9 i o
(h) {2k PR R R 1

1328



o
3

Or(169°) 4 S 1 26 -1 1 R 1 A4l /1, 0(80°)
2 RE LB 5 73 R R Bk A0 T, £ S TR
PRSI fis A4 181 A 18T B o3 LA, o R 55 M fk Y
AL A B A 23 ST o A L), A SR £, 2479 0.984,
FWIAE Ny H - 13 2 1T 55 7K AR A T AR, 25 0
P T 98.4%BI 3 A, X %A TR EAT v 4 fik A A 32 2L

2.2 4K Fe;04 i HEB =LA

TrAIXEAN TR 2K FesOu 84k LU A4 HiME B 55 HE AT 1R
Aok PRI FIR Ak PR B4 4 ok 0K, DU SR AN 3 BT

N, Ho, RIBIRAIK FeyOy HYEN TR 122.26°,
T IBAL G 7 TS PDMS B 5 /K M A 55
MY Fe;0, B AT 0~0.4 Z [N}, BB
HBE K, TRADTR IS PDMS-Fe O, V5 114432 fith £f) 14 17 bt
K, HIGHH TR JRNAET, £ PDMS-Fe,0, E &%
AR AL R, P REERXT K Fe 04 151 1 R4 K
Fe;0, M HUTFEAEH, #553 Fe;O4 BRI UIREAE T EN %
. 1 mol/L HCl %I IAL RS, B FE 4 1 1)
YK Fes0, 1%, 1T PDMS T E2E, PDMS JE L
) 25 R AN 32 520, XRS5 AE B 5 R TE B T 99 oK G
B LI, FE— a8 A R b T B R R T Y B K
Fy, RIHE ML A B3 m, Y8R T 0.4 B,

sl B FesO, & MMa K, U AFLIAFLARIE R, BIR
ol +§EE . TIEE AR S A, R R R A A R R R,
- K FesO, PRI AEB L LA 0.4, EEE 200 (1
M EDS fit il WA 4, RIMICR LR | Fis. 45
2 140 |- /- KW Fe;0, MR IR AR T BN E L 1.
Hy 135+ s \
wof N 23 /- PEEEI AR BASE P
125 / e e e—e—s X154 R 0.4 f#) PDMS-Fe;0, EE 14l PDMS
120 0 03 07 05 08 07 os BN ghAT AR R, E AR 5 Uy Bk A A2 Ak
Fe;0, (%) 2 R, S5HERW, 99K Fe;O4 R INA KA XT
B3 TRE Fe0, 52k BB m I S MAN R BT S 2 A 2 B3 ) 8 &2 A T P RE 1 B2 I, PDMS-Fe;0, BN Y
- Sikat 20(;
- 100
: FelLb1 K :
I~ FelLa1 H
— FelLa2 SN — FeKal FeKb1 0l
C V| 5 <
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10
El 4 PDMS-Fe;04 EN E R eItk EDS 97
% 1 PDMS-Fe;04 mﬁ%ﬁﬁ%ﬁ*ﬁ
JLFE P& T (%) K- JFF (%)
Si Ka 91.13 0.8337 95.33
Fe Ka 8.87 0.0782 4.67
AL 100.00%

1329



al

38 & 2013558 #58% H14#

%2 PDMS-Fe;0, HIEMTREH 4fi PDMS ENFEAA[A], FRBLH R a1 e tE.
o BE LA ) .
BRI PDMS Ef &% PDMS-Fe;0, E1 % 3 g
? 12236 o1 LS B B, B AK Fe,0, WURL7E
5 121:49 168:70 PDMS EJ 5 i AL A A I A B Ja A 3R, 5 T M RE
3 121.40 168.70 L R HIYK Fe;O, PR ENEE, Jf45 2] 1 HLRS B Ansi kK
4 120.80 168.09 PO T Gt fh B T 25 B9 05 A= - P B0 A6 BB 5
5 120.78 167.43 7J(i|‘:€ﬁ
5% ik

22

23
24
25
26
27
28

29

1330

Liu K S, Jiang L. Bio-inspired self-cleaning surfaces. Annu Rev Mater Res, 2012, 42: 231-263

Liu K S, Jiang L. Multifunctional integration: From biological to bio-inspired materials. ACS Nano, 2011, 5: 6786-6790

Barthlott W, Schimmel T, Wiersch S, et al. The salvinia paradox: Superhydrophobic surfaces with hydrophilic pins for air retention under
water. Adv Mater, 2010, 22: 2325-2328

Li Y, Lee EJ, Cho S O. Superhydrophobic coatings on curved surfaces featuring remarkable supporting force. J Phys Chem C, 2007, 111:
1481-14817

Tan S X, Xie Q D, Lu X Y, et al. One step preparation of superhydrophobic polymeric surface with polystyrene under ambient atmosphere.
J Colloid Interface Sci, 2008, 322: 1-5

Guo Z G, Zhou F, Hao J C. Stable biomimetic super-hydrophobic engineering materials. J Am Chem Soc, 2005, 127: 15670-15671

Gao J, Liu Y L, Xu H P. Mimicking biological structured surfaces by phase-separation micromolding. Langmuir, 2009, 25: 4365-4369
Liu K S, Yao X, Jiang L. Recent developments in bio-inspired special wettability. Chem Soc Rev, 2010, 39: 3240-3255

Liu K S, Yao X, Jiang L. Bio-inspired design of multiscale structures for function integration. Nano Today, 2011, 6:155-175

Jin X, Liu K S, Jiang L. Bio-inspired special wetting surfaces via self-assembly. Sci China Chem, 2012, 55: 2327-2333

Barthlott W, Neinhuis C. Purity of the sacred lotus or escape from contamination in biological surfaces. Planta, 1997, 202: 1-8

Zhao B, Moore J S, Beebe D J. Surface-directed liquid flow inside microchannels. Science, 2001, 291: 1023-1026

Weigl B H, Yager P. Microfluidic diffusion-based separation and detection. Science, 1999, 283: 346-347

Gao X F, Jiang L. Water-repellent legs of water striders. Nature, 2004, 432: 26

Feng L, Li S H, Li Y S. Super-hydrophobic surface: From natural to artificial. Adv Mater, 2002, 14: 1857-1860

Kim S H, Lee S Y, Yang S M. Janus microspheres for a highly flexible and impregnable water-repelling interface. Angew Chem Int Ed,
2010, 49: 2535-2538

Feng L, Zhang Y N, Li M Z. The structural color of red rose petals and their duplicates. Langmuir, 2010, 26: 14885-14888

Sun T L, Wang G J, Feng L, et al. Reversible switching between superhydrophilicity and superhydrophobicity. Angew Chem Int Ed, 2004,
43:357-360

Baeyer H C V. The lotus effect. Science, 2000, 40: 1215

Blossey R. Self-cleaning surfaces virtual realities. Nat Mater, 2003, 2: 301-306

Neinhuis C, Barthlott W. Seasonal changes of leaf surface contamination in beech, oak and ginkgo in relation to leaf micromorphology
and wettability. New Phytol, 1998, 138: 91-98

Liu B, He Y N, Fan Y. Fabricating super-hydrophobic lotus-leaf-like surfaces through soft-lithographic imprinting. Macromol Rapid
Commun, 2006, 27: 1859-1864

Sun M H, Luo C X, Xu L P. Artificial lotus leaf by nanocasting. Langmuir, 2005, 21: 8978-8981

AEAR, LAk, MM, 45, RIS H ek R, FLF@ i, 2004, 49: 1691-1699

TE5GH, BE, FROCE. MK R mE A it . BlasilR, 2006, 51: 2097-2099

Xia Y N, Whitesides G M. Soft lithography. Angew Chem Int Ed, 1998, 37: 550-575

XiJ M, Jiang L. Biomimic superhydrophobic surface with high adhesive forces. Ind Eng Chem Res, 2008, 47: 6354-6357

Feng J, Huang M D, Qian X. Fabrication of polyethylene superhydrophobic surfaces by stretching-controlled micromolding. Macromol
Mater Eng, 2009, 294: 295-300

Weibel D B, Lee A, Mayer M, et al. Bacterial printing press that regenerates its ink: Contact-printing bacteria using hydrogel stamps.
Langmuir, 2005, 21: 6436-6442



&
b

30 FengL, Zhang Y N, Xi J M. Petal effect: A superhydrophobic state with high adhesive force. Langmuir, 2008, 24: 4114-4119

31 Vogelaar L, Lammertink R G H, Barsema J N. Phase separation micromolding: A new generic approach for microstructuring various ma-
terials. Small, 2005, 1: 645-655

32 Gao J, Liu Y L, Xu H P, et al. Mimicking biological structured surfaces by phase-separation micromolding. Langmuir, 2009, 25:
4365-4369

33 XuHP, Ling X Y, van Bennekom J. Microcontact printing of dendrimers, proteins, and nanoparticles by porous stamps. ] Am Chem Soc,
2009, 131: 797-803

34  Xu H P, Huskens J. Versatile stamps in microcontact printing: Transferring inks by molecular recognition and from ink reservoirs. Chem
EurJ, 2010, 16: 2342-2348

35 ARk, SR, BRLRYGOK IS = HBRI S LR, PR TR 244, 2011, 25:168-172

36 Cassie A B D. Contact angles. Trans Faraday Soc, 1948, 44: 11-16

37 Shi F, Wang Z Q, Zhao N. Patterned polyelectrolyte multilayer: Surface modification for enhancing selective adsorption. Langmuir, 2005,
21: 1599-1602

Preparation and characterization of a new bionic-recreation
superhydrophobic surface

MA RunTian, WEI YuLi, GUO Hao, YANG FuSheng, CHEN JiaoJiao, FANG Fang, YANG Wu &
QIAN Feng

College of Chemistry and Chemical Engineering, Key Labaratory of Eco-Environment Related Polymer Materials of Ministry of Education, Northwest
Normal University, Lanzhou 730070, China

In the present paper, a new bionic-recreation superhydrophobic surface, with more excellent micro/nanometric roughness and
wettability than nature rose petal surface and the surface obtained through traditional micro-contact printing method, was obtained
using rose petal surface as a model, based on addition and post-treatment of nanoscale Fe;O, particles during the production of PDMS
stamp to introduce new nanoscale structure, and the contact angle reached 169°. Prepared PDMS-Fe;O,4 stamp could be re-used many
times. Surface morphology, composition and durability of the prepared stamp were studied using scanning electron microscopy (SEM),
energy dispersive spectrometer (EDS) and contact angle analyzer in detail. The experimental process is simple and environment
friendly.

bionic surface, nanometric Fe;0, particles, superhydrophobic, wettability
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