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Abstract: Photoelectrochemical and AC impedance measurements were conducted to study the effects of
environment-friendly inhibitors poly-aspartate(PASP), Na,WO, and their complex on the corrosion of cupronickel B10
in a borax-buffer solution. The photoelectrochemical measurement results indicated that PASP or Na,WO, increased
the p-type photocurrent which came from the Cu,O layer on the B10 surface. It showed that the inhibitors increased the
thickness of the Cu,O layer and decreased the corrosion speed. The optimal concentrations of PASP and Na,WO, was
3 and 5 mg- L7, respectively. Na,WO, increased photocurrent more than mono PASP did. Combined use of PASP and
Na,WO, in a total concentration of 5 mg-L™, when the mass ratio(PASP: Na,WO,) was 1:1 or 1:3, increased the
photocurrent more than their individual use did. The bigger the photocurrent was, the better the inhibition efficiency
was. When the mass ratio (PASP: Na,WO,) was 3:1, the combined use increased photocurrent less than their individual
use did, the inhibition effect decreased. AC impedance measurement results were well agreed to the photo-
electrochemical results.
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hZ— R R, B NI BTG58,
S T & 55 N FH B A B A X PR B AR A Y B
K. IRRA 2R (PASP) S —F g (4, 7K A 2457, /]
;T G i 7] BRI R0 T E S 0 R0 -5 0 R 55 4
B0, B RRER M EEARAR, X PREE AR REY L
WA faE, WASTIRMAEDEA, BRI A GRS
Plfen, AT AR B W9 T & B PASP5 Na,WO,
X K i Ay 4 I Rtk R, K BT R Y 2%
TSR

G T A T el - L SR T RS ) 5 A 1k B 4% )
AHOG, FEALF BN 55 H k27 s I Hh il 2% 1T A A ) 4R
. kAR L e A Rl A RS i A1 ELAT 2 S A
5T, EATTAE F AR/ VR A S I R S TR 2 AR D HL AR
N7, B A A LA o A TR 5. e b
e PR (in-situ) WIFFE 5 1%, X 3RAE AR B
AR T, A 4w R T2 AL S S5 A
R AP PRI, AR T AR ALK FER 4 i ol 5 2%
TR ST A5 81— Lo — R R TH 4B 5 — i Ak
AR B 5 B2 ARSCR DLy
P98 52 e R R A 2 R 5 H R B &2 e % F1 4 B10
2 AR .

1 ZWEHS
1.1 #REEH

F1 40 B % 1 F1 4 B10(Cu 90%, Ni 10%) il 1.
PASP 2 {1, 4312974 5000. SEHAFY R 55
Mok, vk i 25 B K.

1.2 X =#

I H Ak 2 IRl ] PRAC M273 5 HL A7 4L
PRAC 5208EC i K v .1000 W AT ((F i /\—
HL LB ) \WDG-1A #5840 {3 (DU T 2%
) ) ND-4 Bt i (F 50 K255 1554 M AR TF
K HUL) LM20A-200 X-Y g A0 (B RAEALFE) ).
FJEURTR A 1 kW, BB 420 nm, 58 F 2K E
i 6 AR A I AN 20 mW -em?, BTG HR
39 Hz. s it BHBTI 4 ] PRAC M398 R 4¢.

1.3 SLWHE

S b2 5 A I A = E AR R R T
A HLAR R R AR R [ 35519 14 B, TETFR 29 0.25
cm?, HLHE 248 3*-6" S MW ARE HMEE L8 T
IK TEIK S RERN 25 B F KUY e T4 Sl B H A A
2 H R 4393 Sk P HL AR A A H SR FL A (SCE), T
YR AR AR AT H SR AR 2 B =, R A 0.1

mol -L™ ) KNO,-3% Bt 1 SR R 4% BRI WA
T 0-H0 2 2% wh % W (0.075 mol L~ Na,B,0;+0.15
mol- L™ H;BOs, pH=9.2). L& 7E-1.1 V F#4k 5min
JE TR 2R, AN 1 mV s SZT R
HLI A5 230 FEL A 100000-0.1 Hz, 327 i 5516
B4 5 mV. AR LA AT SCE.

2 #R5ie
2.1 H—p PASP X} B10 HIEHERA

1 24 B10 7E 0D -0 R 22 v s s A )
WL PASP B HL I 2% BE— L7 i—E) T 4R FLAEAEIE
Hid F b B B AL T AL XA F Cu A4
Cu(T)(CGHe AL 355 H B 2 1T Cu O R 4 A i LA % Cusi 1
Cu,OfF i BHAR 1% ), A2 1 Cu(T)itt— 4 481k 1 Cu
(0); T A b R A A S R I C TN R Cu(IDik
JER Cu(T), C2 XA Cuif il Cul?, [ PASP
WM 0 8K F) 3 mg- L BF(HhZR 1-4), A1 I5FT A2
WA TS, R Cu B AL Cu()FN Cu() B %A b
“h Cu(ID) 4 Sy B34 ki 55 5 WA BR F 3 R v, C1 0
F1 C2 WA AN .

&l 2 2 B10 TERAD-IER 2 vhigs i b, dshn T A
[ B2 1) PASP (1) FL I 28 B —FEL AV (i E). 2R, 7]
DIE W, S i, Y52 p BUCGRI OB b 7
{B0), S i 1 34 Hh 4 2 1 A9 Cu,0 7742, CuO 5
Ni,O \NiO X 't H 32 M 1 JC 5wk 12120, A (10 T S5 ok 2
At B IOR T T R 1 Cw,0 )2, i i bk
B F 22 ph ) Cu,0 2 2 18] 454 715 JeH ik
K, Cu,O JZ MR, Hl (o i 5 ol e gl B 41217,
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W
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Fig.1 (i-E) curves for B10 in a borax-buffer solution
with different concentrations of PASP
c¢(PASP)/(mg-L™): (1) 0, (2) 0.5, (3) 1, (4) 3;

PASP: poly-aspartate; B10: cupronickel
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Fig.2 (iw—E) curves for B10 in a borax-buffer

/(nA-cm™2)
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solution with different concentrations of PASP
c(PASP)/(mg-L™): (1) 0, (2) 0.5, (3) 1, (4) 3
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/NG (28 -2 nA-em™) 7 4k, UEH B10
W AR AL I R D 817 Cu,0 . IEF £ -0.20
VI, BT B10 HLAR R 46 2 i Cu,0, JEHL
LRI, B Cu0 B3N, Y #ib R, 2f
PAEFF] OV AR B K, 292015 nA-
em®, HLAARZEEFR, Cu,0 HE— 4% kN CuO,
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a7 ST IS K, B2 220,44V, YEHL T H R Rl
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Fig.3 Nyquist plots for B10 electrodes in a borax-
buffer solution with different concentrations of PASP
c¢(PASP)/(mg-L™): (1)0(2)0.5,(3)1,(4) 3
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Fig.4 i-E curves for B10 in a borax-buffer solution
with different concentrations of Na,WO,
c(Na,WO,)/(mg-L™"): (1)0,(2) 1, (3) 3, (4) 5

B2 -1.0 V B, JEHE TN FEEZ -5 nA-cm™, 3
W17 e A R AR R A TE Y Cu0 B TRAD T
MU PASP ¥R R 0.5.1 1 3 mg - L~ B, HLA IE
it B, G A R, (HASRIR I . 72
(VAVIE SPUK L LN R VARRE N E S0 I S S
Wit K, 435 -86.-112,-165 nA -cm™; p F5EHL
TAFTERT LA T 58, AL 14T 2 -1.0 V BFGH
TALZWIE K T . L BRI, A PASP J5 HL)
FM ) Cu,0 IEIEEEBESR PASP ¥ Al 186 A it 1
K. Cu,O oG R I A &, PASP ] LU o AR 1
LA COO—TE 42 Ja 22 1H ¥ 18 W B 1M T B A AL W
JEENN, 4 Jem 2R 1T A ATL IR SR FBE T LA BELRS 7K 43 i
A KB BT & JEYE, P T B TR A AR L
JE B Pl s TRl T i ALY Cu,0 HE— A4 Ak, M
fif Cu,O BREAF 2 T 8 KARE MO B . Br LAAE A 22l
FAFAE R, S B 2 1T ) Cu,0 R FE B K, p B
FEL 1 17 L . A AR S3E  PASP VR EE, LI
AP AN S (). BT E B10 Ak fRrp e T —
ARG, SR Ak B Y BH (g R B e AN i
L, BT LA HLIRE e A HL 57 T 45 S A P A9 AR A0 B
RS

&l 3 2 B10 HiM AE IS - R G2 vh i v b, T n
PASP 5 (952 i BELAT Nyquist (8. 7] LAF H, 4 BH$T
PR YR — YU, #R1ZI=(Z'>+2">)", W] 54 1% B10
H R B BHPUARAE. Z, Z B, T sl SR A2, R i
PASP i} Z /)y, N 23.5 kQ; Jill A PASP ¥ & H
0.5.1 1 3 mg-L™" B, Nyquist & FPAHR 5% 36 K,
Z 6 PASP ¥ B (3G RT3 I, 43514 29.85.32.21
41.02 k€, B10 HL A A8 TR ol 22 i B2 5. <2t B
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Fig.5 iu—E curves for B10 in a borax-buffer solution
with different concentrations of Na,WO,
c(Na,WO,)/(mg-L™): (1) 0, (2) 1, (3) 3, (4) 5
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Na,WO, FIHIATITIE/N, B Cu 1Y 5 Ak S 0 FR B I
59 7 Y HLU i BEE Na,WO, B I T 4 K. 24
Na,WO, B A 5 mg L™ B, iy 3 K H-195
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e FLEG A AT LA 4 R 2R 25 2 T U AL RS A T
LB G2 Pl =2,

24
22
20
18
16
14
12
10

8

6

=Z"1kQ

5 0 5 10 15 20 25 30 35 40
Z'1kQ

6 B10 7EMIRY-ARERZE MR iRk R iR I AR B R E Na,WO,
i Nyquist [
Fig.6 Nyquist plots for B10 electrodes in a borax-
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Fig.7 iu—E curves for B10 in a borax-buffer solution
with different concentrations of PASP and Na,WO,

(1) 3 mg-L'PASP, (2) 5 mg-L™" Na,;WO,, (3) 3.75 mg-L™' PASP+1.25

mg-L™" Na,WO,, (4) 2.5 mg-L'PASP+2.5 mg-L™"' Na,WO,, (5) 1.25
mg-L™ PASP+3.75 mg- L™ Na,WO,

6 Sk B10 HL AR 7F B R b 2% o v, 5
Na,WO, J& 22 i BE$T Nyquist K. 7T LA H, A
Na,WO, ¥ ¥ 4 1.3 1 5 mg-L" Bf, BT Z 4351 K
27.99.38.37.44.16 k€, B10 HLA% ATt ol P 2 4
X5k 2 s A — 2L
2.3 £ PASP 5 Na,WO, 3t B10 R4 1EF

TERFFE K BE PASP 5 Na,WO, ik BiL, 24 Bk
F£ 5 mg-L~', PASP 5 Na,WO, I 57 i 1 F L 43 ]
11 113 B, A B A Y p LB R
Wi 7 338 K B B B 5 e 43 00 EU PR —
Na,WO, i} (=195 nA -cm™ 43 5| 4 K & 210 nA -
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28

=~

24
20

-Z"1kQ

B TR N I N
Z'/kQ
8 B10 FEMRY-MERE s R PR IR ERE PASP 5
Na,WO, #J Nyquist &

Fig.8 Nyquist plots for B10 electrodes in a borax-
buffer solution with different concentrations of PASP
and Na,WO0,

(1) 3 mg-L'PASP, (2) 5 mg-L™ Na,WO,, (3) 3.75 mg-L™ PASP+1.25
mg-L™" Na,WO,, (4) 2.5 mg-L'PASP+2.5 mg-L™" Na,WO,, (5) 1.25
mg-L™" PASP+3.75 mg-L™"' Na,WO,
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TEBA K. SR, 24 PASP 5 Na,WO, )5 ik iF
o 3:1 B, JEHLR A 155 nAcem™®, LN & B —fif
FHE RN OLE 7, #1Z3)).

i PASP 5 Na,WO, [#Jii ik B H o 1:1 Fil 1:3
EJE, B10 R AYBAT Z ik — 1k, 2 5k
50.12F151.51 kQ, HH—{# 5 mg- L™ Na,WO,H} 1Y
44.16 KQHE K, M LA3: 1 BLET, BHHTZ HA339.85 kQ,
Fb B —fi FIPASPH 741.02 KQFE /. B1OTE WS-
PR 2% s Y S DA [) R 2 PASP -5 Na, WO, A8 it
FHHTI Ny quist & WL & 8.

Al L, Z20l5R) PASP 5 Na,WO, 76438 1 e &
LR L RES 7 A “ P [EIVE ] (synergistic ef-
fect), {1 22 hUCR bU B —feff PN B4 T 7EA BV 2
e ™ I AT “FEHU/E A7 (antagonistic ef-
fect), {28 (USCR AT, — AT ML BR 0 2% 1k 7] 5 TG
ML AL B L2 Dl 9 1) &2 FC RE % ™ AR 380 1) “ B[R]
F”21, PASP 5 Na,WO, 195 fil st & T X Fh 1.

3 & g

1) Yer A2 E I 0, 7E 0 - IR 2% i,
HL—) PASP 5 Na,WO, #{fig %% fff B10 £ f Cu,0
JEE5 | 2 1) p T84 5 FE 0 M 7 186 A, 3 10 BH T % ol ) 1
KT CuO BEAYJEEE(E B10 JE Dl =8 /. B —1
PASP 5 Na,WO, Wy ffi iAW B4+ 518 3 5 5
mg-L™.

2) TEGE MR R EE S 5 mg- L™ i), 24 PASP 5
Na,WO, [ 5t & ¥ B Ry 1:1 F1 1:3 & e fidf A B
B10 HEH ™ A A G L I e 107 L S — T A8 R, TR
Hrr R AR R, R ORI K.
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