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Super-Hydrophobic Surface of Poly(Vinylidene Fluoride) Film
Fast Fabricated by KrF Excimer Laser Irradiation

Liu Ying Jiang Yijian
(Institute of Laser Engineering ., Beijing University of Technology . Beijing 100124, China)

Abstract Superhydrophobic poly (vinylidene fluoride) is rapidly prepared by KrF excimer laser irradiation at room

laser irradiation are analyzed with atomic force micrograph(AFM) and X-ray photoelectron spectrometry (XPS). It is
observed that a well 3D net-like microstructure is formed gradually on modified area, and the groups of C— CF, and
C—F become the subject of modified layer instead of CH; and CF,

(vinylidene fluoride) .
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temperature in ten seconds. The results show that the water contact angle on modified surfaces can be increased from

— .

53° to approximately 170°. The morphologies and chemical construction of the modified layer before and after excimer

=1

increased and surface energy reduced together contribute to the observed superhydrophobic property of modified poly
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It is concluded that the effect of surface roughness
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Fig. 1 Schematic view of excimer laser irradiation
optical system
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Fig. 2 Static contact angle on PVDF surface as a function of laser shots under four different laser energy densities
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Fig. 3 Microscopic images of water drops on surfaces of laser irradiated PVDF at 300 mJ/em?[ (a) ~(g)] and 400 m]J/cm® (h)
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Fig.4 AFM images (50 ymX50 pm) of PVDF samples irradiated under 300 mJ/cm” at 0 (a), 10(b), 20(c)

and 40 (d) pulses, respectively

1 EHATELIHSEENT REHBEES
He A w6 &
Table 1 Various roughness parameters and contact

angles of figure 4

Sample 1  Sample 3 Sample 5 Sample 7
R,./nm 50 393 624 1711
R 1.00 1.10 1.43 1.75
Measured
. 53 128 162 150
Oca/ ()
Calculated
) 53.0 48.5 30. 6 -
Oca/ ()
(Wenzel
model)

Note: R, is the standard deviation. The surface roughness
factor (R) is the ratio between the surface area and projected
J5UUG 3% O W L OV R, By H 3R T ML B B A
50 nm, P BT 6k R A 4 fi A 537 ) BLIA O 2
PVDF #1 K} 0 4 [ f 0, (0, by [ 1A 3= A AE 42
filf) .
R {4k 5 1 Vi 3R 7 A2 Wenzel BRORLES 00 24
V] A< 3 T 2 1 2 48 — A HEL RS % T I, LR 3R T A
WL fil Ay 0. 5 06 1 3H 3% A AS AL B2 ik A 0, B G
2N
cos @, = rcos 0, , (D
Aorb o S RMOHLES A 7. dd i (D A H 545 2w
TR IR 1 PR, ©m A2 B S S BT &
SEARM R . HIEAT A, it KeF e 4y 7 HOb iR RS

(1) PVDF R 1H {2 4510 © 28 el 28 Bom A =z i ele vk
J2BA KT 907 (A% IR Ay » DA A8 22 00 45 fink £ B HEL
Rl B R 3G J 3G KL fif Sample 1 3] Sample 5 5 7K
PEREASWT IG5 . BB Ah L J5 7 Sl B i R 25 SR LA
B 4 E (o) JRIEW T i1 T AR Y 3D R 258 254 Y
TE i felf 25 Th KRS B2 42 VBT SRk 2 T A Ak
2 T S ) R ket . B2 7RI B Bt PVDF
AR T /K P B Y B v SR B M 2 R R R
B Tk 45 48 8 25 T I8 DA 56

%t T M Sample 5 F| Sample 7 By B, 7] DL H
Cassie-Baxter FRRfif B0, A5 AL A Ky VIR 7E
FERE 2 THT 1 1) 49 floh i — b 52 5 6 i, Jb IR 2ROUL 45 ik
1 Oc SAIESZ b 0, FICR A

cos Ocg = ficos @, — f, = fi1(cosd, +1)—1,
(2)

Ao R0 G il e e 58 R B BT o 0 1 AR B
Lo Cfr A fo = 1D R 23 b 1 AR 348 70 A (2)
AT AT AN R AE S A 2 M v A R T o Y 1 AR 3 5K
B, W) A ik 1 Ocs L2308/ X Sample 5 Fl
Sample 7 [ J5 5 77 2 G008E 10 4 0 45 R AT T AR Kk
B BEAE WOCR BB AR SEAE T L 3D W28 4544 1) 5k
BE” 2 W0 i A8 3t EOR Y 2 pem 3G ORF 10 pm 22
A s WG 5 8 Rk 2 THT ) 4 i o7 = el 4 A 1) T 2
TEE . [E A I ) T RR S 1 i B G KL R
F fl £ Dk /0N 5 K 5 SR i 2 SR A — 2. ZE BTk,
SO 2 O IR B 1Y A2 Ak PVDE 3% 1 i /K 14 RE
I AP (R

0106002-4



XEAE . MES T IO DR 5 R K SR N SR AR B R

3.3 XEFEERNS S

R T HE— 2 B R R ) B A 2R A A X R
R A48 BS99 Sample 1 F1 Sample 5 #4717 X 4§
LR HL T RE T ARG I L AG I 45 SR A& 5 BT R . B BEAT,
PVDF [y Ci, £ H 2 458 B 55 8] 06 21 5, 43 00 J2
—*CH, —"CF, — B0 1) W4 B i J5 7 285 4, B AT XS
I 45 A B 43 & 286. 42 eV (*C) Fl 290. 84 eV
("C) s F  ALTE 687. 87 eV AbAFAE— > Fld , & Xt i
F CF, 454 i iU 72500 .l i B k2
£ —CH, — f1—CF, — &2 Ot 48 fHT PVDF 44k}
FU Y T EAL Gy, Horp C 7 7R X P RN 25 4
B 1 T o SRR M TR, 4 I g2 220 53040
23.45% ., =S E&M R PVDF & KrF #4134
S5 R G P A R 2 L e s A R 3R T B b 2 R A
W A8 Ak B S S R DRI 25 1m0 L 4R
RS - C R F 4 Jit 5 B2 40 W 0 e AIG L (2 e AT T 4K
M RERI R EZEF TR Cul 5 AN 5
st C—C,C" —CF,,C—F,C—0 f1 C—F,, %}
IR ZE A RE 4y 2 284. 80,286. 47,288. 07,290. 61
M 292,51 eV Hp Pl C° —CF, Al C—F X H
Fifb 2z 3 b C fr AR F & 2, o0 &
21.27%F0 14. 87% . faMRJG Fi ol 2 g4I,
i1l )& F C—CF, F1 C—F Z5 4 o (1) 3805 o 7 X iz

M 45 A e 45 B 2 690. 28 eV (23. 08 %) i1 688. 33 eV
14000

—— Dbefore laser irradiation C,
12000 -+ after laser irradiation )
~ 10000
£
& 8000
12}
é 6000
5
~ 4000
2000
0
280
Binding energy /eV
70000 —— before laser irradiation F,
~~~~~~~ after laser irradiation '
60000
T& 50000
£ 40000
£ 30000
|
20000 -
10000 -
680 68 690 695
Binding energy /eV

B 5 KrF #i4 F OGBS . PVDF £
Ci Ml Fi X B4 6 i 7 fig 1% &
Fig. 5 XPS survey spectra of C;, and F,, before and after

KrF excimer laser irradiation on PVDF surfaces

(10. 8500 . DL F 25 i B, PVDF 44 B 3% 1
1 JEL IR B SR A5 4 OO RN A T 2
ZEA A AFM G 43 B 45 L BT IR S8 5 BlcrE 2 DA
C—CF, f1 C—F X Wi fb 2 L A o8 &, 1R T
—CH, —fl—CF, — i > PVDF 3 1f (1) 4 224k 24 45
F o T34 s X 4 BRI AR 1 28 T RE AT T 0 25
U4 A B 52. 69 mN/m Ml 27. 26 mN/m.,
g Lk B AR T AR 1 ik SR 7R OB E T
YER T & H 444 8Lk C—CF, #1 C—F 2 E 101K
2 T RE - 5 A Ak b B A T R RL I 2 T R L Dl R
KR B EEAEA .

4 4k ©

R P KrF W4 T 30OE 152 56 1807 ik — 45 9 3
T B K S MR O 2 bR SR L bR I
B K A B T 40 5 M e R O R i B 5 b A
BOHEAT VR e TT A 10 s P 15 7K 14 fih £ 35
150°, 528t A v PVDFE g pEJ2 1 4513 10 5t A 3
A fA R 1707, W KA R 1627, R 4R AFM A
XPS #2552 . L% 3D [ % i 45 44 1 9% L. C —
CF, fil C— F % 72 1 A J§ 7 55 P 76 W02 B HE I 1
PVDF ELA BB KA T B8 . o 5 I 4
T BT A A TR JE 19 [ e AR B
T A 10 B 86 A SR 0 K R ) A 1 T i R

5 £ X

1 A. Tuteja, W. Choi, M. Ma et al.. Designing superoleophobic
surfaces[ ] ]. Science, 2007, 318(5856): 1618~1622

2 X. Zhang, F. Shi, J. Niu et al.. Superhydrophobic surfaces:
from structural control to functional application[ J]. J. Mater.
Chem. , 2008, 18(6): 621~633

3 Wang Guoqing, Shen Jun, Xie Zhiyong et al.. AF2400-SiO,
composite water-repellent film for KDP protection[]J]. Chinese J.
Laser, 2006, 33(3): 380~384
EEEK. b FE. WEB % KT KDP @& R AF2400-
SiO; Bk H2EWMELT]. F Bk . 2006, 33(3): 380~384

4X. Y. Lu, Y. Jin, S. X. Tan et al.. A simple approach for
fabricating a superhydrophobic surface based on poly ( methyl
methacrylate) [J]. J. Adhes. Sci. Technol., 2008, 22 (15);
1841~1852

5L. C. Gao, T. J. McCarthy, X.
superhydrophobicity [ J J.
14100~14104

6 H. Tavana, A. Amirfazli, A. W. Neumann. Fabrication of
superhydrophobic surfaces of n-hexatriacontane[ ] ]. Langmuir,
2006, 22(13): 5556~5559

7 L. Kong, X. H. Chen, G. B. Yang et al.. Preparation and
characterization of slice-like Cuy (OH)3NOj; superhydrophobic
structure on copper foil[J]. Appl. Surf. Sci., 2008, 254(22):
7255~17258

8 Wang Suhao, Li Mei, Su Binet al.. Preparation and properties of

Zhang. Wetting and

Langmuir, 2009, 25 ( 24 ):

superhydeophobic polyphenylene sulfide composite coatings[]].

0106002-5



H |

# ot

Acta Polymerica Sinica, 2010, (4): 449~455
FEIRNE. M. I8 MW RAERBEGKESRZNE S
PERELT]. &4 F %4, 2010, (4): 449~455

9 M. H. Jin, X. J. Feng, J. M. Xi e al.. Super-hydrophobic
PDMS surface with ultra-low adhesive force [ J]. Macromol.
Rapid Commun. , 2005, 26(22): 1805~1809

10 T. Baldacchini, J. E. Carey, M. Zhouet al.. Superhydrophobic
surfaces prepared by microstructuring of silicon using a
femtosecond laser[J]. Langmuir, 2006, 22(11); 4917~4919

11 H. Y. Kwong, M. H. Wong, Y. W. Wong e« al..
Superhydrophobicity of  polytetrafluoroethylene  thin  film
fabricated by pulsed laser deposition[ J]. Appl. Surf. Sci.,
2007, 253(22) . 8841~8845

12 A. M. Kietzig, S. G. Hatzikiriakos, P. Englezos. Patterned
superhydrophobic metallic surfaces[J]. Langmuir, 2009, 25(8):
4821~4827

13 J. Bico, U. Thiele, D. Quere. Wetting of textured surfaces[J].
Colloids Surf. A, 2002, 206(1-3): 41~46

14 H. M. Shang, Y. Wang, K. Takahashi e al.. Nanostructured
superhydrophobic surfaces[ J]. J. Mater. Sci., 2005, 40(13):
3587~3591

15 A. Marmur. Adhesion and wetting in an aqueous environment:
Theoretical assessment of sensitivity to the solid surface energy
[J]. Langmuir, 2004, 20(4); 1317~1320

16 Liu Ying. Jiang Yijian. Preparation of high-grade electrical

conductivity on polyvinylidene fluoride {ilm by KrF excimer laser
irradiation[ J]. Chinese J. Laser, 2010, 37(4): 1122~1126
X, ERE. WOLHR IR 5 S R A R 2 RS TR
(J]. P Esk. 2010, 37(4): 1122~1126

17 N. Moussaif, C. Pagnoulle, J. Riga et al.. XPS analysis of the
PC/PVDF interface modified by PMMA location of the PMMA at
the interface[ J]. Polymer, 2000, 41(9): 3391~3394

18 A. Hamwi, C. Latouche, B. Burteaux et al.. Preparation and
characterization of inorganic fluorides-fullerens compounds[ J].
Fullerene Sci. Technol., 1996, 4(6). 1213~1226

19 Luo Le, Xia Tianrong, Fang Xiaodong et al.. Experiment of
diamond-like carbon film deposited by pulsed laser and cell
compatibility of diamond-like carbon film[J]. Chinese J. Laser .
2009, 36(10): 2625~2628
B IR, BRI, BRSOt I AR £ WA ISR A0 i A
AVERFSELI]. F Bk, 2009, 36(10); 2625~2628

20 X. Gu., C.
interfacial properties of PVDF/acrylic copolymer blends before
and after UV exposure[J]. Appl. Surf. Sci., 2006, 252(14):
5168~5181

21 J. M. Colwell, E. Wentrup-Byrne, J. M. Bellet al.. A study of
the chemical and physical effects of ion implantation of micro-
porous and nonporous PTFE[J]. Surf. Coat. Technol., 2003,
168(2-3): 216~222

A. Michaels, D. Nguyen e al.. Surface and

0106002-6



