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ABSTRACT Super–hydrophobic surface has been considered a new and promising anti–corrosion
technology, recently. A super–hydrophobic film has been fabricated on Cu–Ni alloy (B30) substrates
by chemical etching and self–assembly. The effects of etching process and self–assembly technology
on the property of filmed B30 had been investigated by means of contact angle measurement and
electrochemical test. The results show that suitable surface roughness played a vital role in preparing
super–hydrophobic surface with excellent corrosion resistance in comparison with the electrochemical
test results of different hydrophobic B30 surface. Moreover, the results indicated that the corrosion
resistance of B30 in 3.5%NaCl solution could greatly improved by the super–hydrophobic surface
(contact angle 152.8◦), and the inhibition efficiency reached 96.1%.
KEY WORDS Cu–Ni alloy, super–hydrophobic film, chemical etching, self–assembly, corrosion
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� 1 � *-Æ0 : 6.1./2734+/ 3.5%NaCl 0,�3���-. 955

��*/26789, '$,0�18�926:():
37(��*/21�)89. .)�/2�)4+/;
(80; [6], Cu[7], <�� [8], Al[9] "9,�*�6��
=2�<Æ:, 4;>?3�6��"=. #', @.)�
/2�)4+)!���$,6��89>1?Æ:. <
2A%(3B�9@3454+, *�>��A.)�.,
=,!( 3.5%NaCl 54'� (35!C5>(3.

1 $%67
 66%�� B30 �87(3-1 (9D17, %)

!: Cu 70, Ni 30. 1>@ 1.5, 3, 4.5, 6 @ 7.5 g �
FeCl3 5& 30 mL 8E:�', ;B9 35%—37%(9D
17, 89) �:3 100 μL, *-F?1>! 4.8%, 9%,
13%, 16.7% @ 20% � FeCl3 :354, <=354%
;�<@G*. @AB! 70 mm×10 mm×2 mm ��

�H@ 10 mm×10 mm ��� C;�=:>CIDJ
E, (D>54'%.;E<? 5 min, <?E;@F%
<@�8E:�G?, HF. =E@��K9B�4', B
�$*$G, H�(>A8C5. B�E���;8E:
�G?FLE, HF, @!I91BG?3�<=3�<
@54', (A?! 35 I�JA�@K'KM 24 h E4
J, B%<@G?, ;;8E:�G?, I9LC', FA
E4J�%.

A%KM K100–MK2 )? B8L@DLD�M
(.)�/2�NNO, 9$A% JC2000C )NNOL
DD/C�M(��/2E*)(�FA.

*PDQL@@C(BG�LDO(C CD�'
H-, N) C!/OR)�.��� C, PE C@
PQ C1>! Pt  C@R@QR C (SCE).  (
3L@S%SM PARC SE M273 J ID@ Model
1025 )F=I'G. *PDQH% M273 J IDL
D, !� TUTJ! 100 kHz—0.05 Hz, *PUVK
VWF! 5 mV; C(BGIWTJ −0.15—0.15 V (vs

OCP), IWJ?! 1 mV/s.

2 $%&G'()
2.1 *+H,I-./0ÆJ12

(3K!, OR/2TU?'*�.)�/2�X
Y, $%OR/2TU?�89�: (3B�9 [10,11]�

L=VZ9 [12,13]�LCM(9 [14,15] @5X – YX
9 [16,17] ". <2BN<(3B�9, (��/2OR>
$*�TU?, =E; 0.1 mol/L<=354345 24 h
E, *�>����� ���A)�., =1O>B�
$G�F?K.W�MN�@����X�.

2.1.1 3456 P 1 ';< 20% � FeCl3 :3
54B�89$GE, ;; 0.1 mol/L <=354345
24 h E, *����.)�/2��� C( 3.5%NaCl
54'� Nyquist P@C(BG. XP 1a '9QZJ,

OLB�$G�RY, �� CDQ4SM', #ZB�
$G.< 60 min E,  CDQP[8[QR. / 1 \J
>NP 1b;J��� I Ecoor, �� P]? icoor, /
�"U η Q)[)��/2�NNO. ^�P 1b @/ 1
9QZJ, OLB�$G�RY, �� I�T\?�O
U, ]�� P]?'\?[\. #B�$G.< 45 min
E, �� I^U, ]S�� P]?_�M'. 9?, �
T�B�$G�A&(AD/2F-�� ���� 
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Fig.1 Nyquist plots (a) and polarization curves (b) of

copper–nickel alloy hydrophobic surface in 3.5%NaCl

solution with different chemically etching times

P 1 ] X ` W X a Y a Q Y Z Z ^ b _ ` [ a b R
3.5%NaCl [\Sac]b\

Table 1 Electrochemical parameters of copper–nickel hy-

drophobic surface in 3.5%NaCl solution with differ-

ent chemically etching times

Etching time Ecorr icorr η Contact

min V μA/cm2 % angle, deg

0 –0.295 1.246 / 83

15 –0.288 0.483 61.2 150.1

30 –0.272 0.071 94.3 151.3

45 –0.261 0.049 96.1 152.8

60 –0.269 0.061 95.1 152.6

90 –0.275 0.153 87.7 150.8

Note: Ecorr—corrosion potential, icorr—corrosion cur-

rent density, η—inhibition efficiency
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2.1.2 3489 P 2 ';<F?1>! 4.8%,

9%, 13%, 16.7%@ 20%� FeCl3 :354B� 45 min
E, ;; 0.1 mol/L<=354345 24 h E, *���
�)�/2��� C( 3.5%NaCl 54'� Nyquist
P@C(BG. XP 2a '9QZJ, OLB�54F?
�M', �� CDQ[_JM'�QR. / 2 \J>N
P 2b ;J� Ecoor, icoor @ η Q)[)��/2�NN

O. ^�P 2b @/ 2 9QZJ, OLB�54F?�M
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Fig.2 Nyquist plots (a) and polarization curves (b) of

copper–nickel alloy hydrophobic surface in 3.5%NaCl

solution with different chemically etching solution

concentrations

P 2 ]Xee`W[\YaQYZZ^b_`[abR
3.5%NaCl [\Sac]b\

Table 2 Electrochemical parameters of copper–nickel alloy

hydrophobic surface in 3.5%NaCl solution with dif-

ferent etching solution concentrations

Etching solution Ecorr icorr η Contact

concentration, % V μA/cm2 % angle, deg

0 –0.295 1.246 / 83

4.8 –0.291 0.277 77.8 145.8

9 –0.276 0.074 94.0 152.4

13 –0.271 0.072 94.2 152.6

16.7 –0.268 0.070 94.4 152.7

20 –0.261 0.049 96.1 152.8

', �� IT\?OU�9$, �� P]?4SdT.
XNNO�7f9QZJ, fF?! 4.8% T`, !^B
�4g *�J��A.)�/2. X/ 1@ 2>9QZ
J, ( 20%�B�54'B� 45 min, ;;< 0.1 mol/L
�<=354'345 24 h E, ��A.)�./2�
hANNO9g 152.8◦, /�"U9g 96.1%.

Z�� B30 I9 FeCl3 :354', N& Ni �h
U C I? Cu ^, !/2 *% Ni 41�aV�5
i [18]. 9?, _=B�$G`ieB�54F?`\, j
k�BH�8j1, �l@kfm8 F-�A&<=3
345�/2TU?. =], _=B�$G<YeWB�
54F?<', 54' Ni+ gDM', OhbnJU8[,
Xl$ Cu, Ni 9 9$5i, mYZ�TU^O�H?
ai, 8A&Ec<=3�345, YH6F-�)��
.W6��� 8[. dl, O+�T�/2TU^O'
*�.)�/2�XY [19,20].
2.2 :;<H,I-./0ÆJ12

3454+ (1:�bcO+Q?g[�n.e
W [21], ]^0'� om' joE1:Gh �=k
)%@ H Y�=k)%1p*n.�l?@n.�/2
(3�9. <2BS% 9% � FeCl3 54,��ADB�
45 min, ;N<3454+@��\�Af�<=3gm
(��$*TU?���/2c, =(3><=3�34
5F?�$G,)�.� �hi.

2.2.1 =>?89 P 3 ';< 9% � FeCl3
:354B� 45 min E, ;;89F?�<=3345
24 h E, *�J���)�/2��� C( 3.5%NaCl
54'� Nyquist P@C(BG. / 3 \J>NP 3b ;
J� Ecoor, icoor @ η Q)[)�/2�NNO. 9QZ
J, OL345<=3F?�M', �� CDQM', �
� P]?dT, ZF?gp 0.1 mol/L ]Æ$, F->
.)�/2, /�"U0n, #'F?.< 0.1 mol/L E,
NNOq(?T, #'/�"U�68[. ^9 'N&
<=3F?<\$, F-�./2op?8j, )($*
�dj, dl���O<=3F?�en]MÆ, #'<
=3F?<n, X<=31:_fk(54'q�, 8A
&!(��/2�gm.

2.2.2 =>?56 P 4 ';< 9% � FeCl3
:354B� 45 min E, ;; 0.1 mol/L <=354
34589$GE, *�J���)��/2�� C(
3.5%NaCl 54'� Nyquist P@C(BG. / 4 \J
>NP 4b ;J� Ecoor, icoor @ η Q)NNO. 9QZ
J, OL345$G�RY, <=31:(��/2�g
m`j1, .�Y]�MÆ, .W�l?#MB, YH��
 CDQ4SMB, �� P]?SadT. Z345$
Ggp 24 h E, /�"Ugggp 94% Qc, #'q(
?T, flr* 24 h !<Nl'0q�345$G.



� 1 � *-Æ0 : 6.1./2734+/ 3.5%NaCl 0,�3���-. 975

7 3 �����dd���
������� 3.5%NaCl �
��� Nyquist V�`
VW

Fig.3 Nyquist plots (a) and polarization curves (b) of

copper–nickel alloy hydrophobic surface in 3.5%NaCl

solution with different assemble concentrations

P 3 ]XbcheeYaQYZ^b_`[abR
3.5%NaCl [\Sac]b\

Table 3 Electrochemical parameters of copper–nickel alloy

hydrophobic surface in 3.5%NaCl solution with dif-

ferent assemble concentrations

Assemble concentration Ecorr icorr η Contact

mol/L V μA/cm2 % angle, deg

0 –0.295 1.246 / 83

0.02 –0.290 0.395 68.3 142.7

0.05 –0.286 0.248 80.1 147

0.1 –0.276 0.074 94.0 152.4

0.15 –0.282 0.231 81.5 151.2

0.2 –0.285 0.369 70.4 148.4

2.3 d@ef-.gAJBC0gDEFhi+GH
jI
A% JC2000C /C�M(89���/2cE*

)(�FA, P 5a !s�/2, P 5b !�.)�/2.
9QZJ, .)�.N&!i��/2TU^O [22],  j
C'rrq�M(��/2�hANNO, H!Nj�k
Aq-.)�kA.
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Fig.4 Nyquist plots (a) and polarization curves (b) of

copper–nickel alloy hydrophobic surface in 3.5%NaCl

solution with different assemble times

P 4 ]XlmnXaYaQYZ^b_`[abR
3.5%NaCl [\Sac]b\

Table 4 Electrochemical parameters of copper–nickel alloy

hydrophobic surface in 3.5%NaCl solution with dif-

ferent assemble times

Assemble Ecorr icorr η Contact

time, h V μA/cm2 % angle, deg

0 –0.295 1.246 / 83

6 –0.289 0.855 31.4 147.4

12 –0.278 0.183 85.3 150.8

24 –0.276 0.074 94.0 152.4

36 –0.265 0.069 94.5 151.6

48 –0.259 0.067 94.6 151.1

sf Cassies 8s [23]

cos θr = −1 + φs(cos θc + 1) (1)

k', θr !TU/2�/tNNO, φs /l�M82�

MKuD�NNr2ov�r2�2Z17, θc !Dw

/2�<CNNO. @ θr=152.8◦ @ θc=83◦ 69, ;
φs=0.099. ^mmnL�Mh?&^,.)�/2c$,
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Fig.5 Shapes of water drops placed on bare surface (a) and

super–hydrophobic surface (b)

p�8p 10% �2Z'�MKuDNN, ].< 90% �
2Z'�MKsLNN, H;K�*ADqNNN���
t9''do.hH� 10%�2Z'���t9K/2N
N, N&.W<p�q)qw)%, # Dx 3.5%NaCl
54'� Cl− rUp�*AD/2 [24]. u`, N&��
�t9KTU�/2NN$)(vr)%, Z/2NNO
'& 150◦ $, B2sy[^F, ��t98#82N<t
ÆsTG�sut9p$-/2, >��wJ�QR [25],
mC$zdT>��*%�9 �.

3 &)
N<(3B�9@3454+, OR>���.)�

/2. N<Q?89vx8*��.)�/2� (3
L@^=9r, O+�T�/2TU^O'*��� �
��� �.)�.�XY. ( 20% �B�4'B�
45 min, ;;< 0.1 mol/L �<=354'345 24 h
E, 9OR�� �/�� ���A.)�., y/2
�hANNO9g 152.8◦, S.)�. jC'run

��( 3.5%NaCl 54'���� , /�"Ugp>
96.1%.
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