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Abstract

Among the various precious metals, silver is used in various fields because of its low price
than other precious metals. However, the surface of silver remains after rain in the atmosphere
containing sulfur ions and chlorine ions, causing silver corrosion and discoloration. Existing
documents have developed a anode to prevent corrosion but that are concentrated on
secondary batteries. This study tried to prevent corrosion and discoloration of silver by using an
Al sacrificial anode. Sulfuric acid decreased the potential of silver and increased the current
density at active polarization and OCP. The amount of corrosion of silver with the Al sacrificial
anode was reduced from 0.5 % to 6.5%. When silver is used for decoration outside, corrosion
and discoloration of silver can be suppressed by installing an Al anode.
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Fig. 1. () Schematic diagram of 3 point electrode cell for potentiodynamic polarization test and
open circuit potential test, and (b) Schematic diagram of Al anode system.
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Table 1. (a) Electrolyte solution for open circuit potential test, electrochemical impedance spectroscopy,
and potentiodynamic polarization test, (b) electrolyte solution for boiling test of Al anode.
#a 0.0 wt. % S0, #a 0.0 wt. % [1SOs + 0.0 wt. % NaCl
#b 2.5 wt. % 1,50, #b 5.0 wt. % 804 + 0.0 wt. % NaCl
#c 5.0 wt. % [1,80, #c 10.0 wt. % [,S0: + 0.0 wit. % NaCl
#d 75 wt. % [1,80, #d 5.0 wt. % [S0; + 10.0 wt. % NaCl
#e 10.0 wt. % [1:S0; #e 10,0 wt. % [1,SO, + 100 wt. % NaCl
Table 2. Value of potentiodynamic polarization curve with electrolyte solution of Ag.
0.0 wt, % 150, 081 + 0.02 V 9 x 10-5 A/cm? 16 £+ 01V 24V, 29V
2.5 wit. % [2804 070 £ 0.01 V 9 x 10-5 A/em?® 1.3 +£01V 23V, 24V
5.0 wt. % [2S0y 060 £+ 001 V 8 x 10-5 A/em® 12 +£01V 23V, 24V
7.5 wt % 2S04 052 + 002 V 9 x 10-6 A/cm® 1.1 £01V 22 V23V
10.0 wt. % 112804 049 = 001 V 3 x 10-6 A/cm” 09 =01V 21V 23V
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Fig. 2. Potential as function of time of Ag with
concentration sulfuric acid.

r
>~

of wet 29] Edst B=9] Aol AHsHRCE it
sE7t 71l wet REEse] £E7t St6lRe
I 20] HEeigt= 10 wt. % 9 ZAMIA] 0.9 VOlA]
S5t olF HEEHE9 SAvH BA £E7t

A AastAr 4

2.5 . .
#a,00wt %
#c,5.0wt %
— 2.0- #e,10.0 wt. % 4
=
w
Q 159
w
9 10
= |
E 0.5
2 |
o 0.0 4
: ‘ : . . :
1E-7 1E6 1E-5 1E4 1E3 001 0.1 1

Current density (Ncmz)
Fig. 3. Current density as function of potential
(Potentiodynamic polarization curve) with electrolyte
solution of Ag.



Byung-Hyun Shin et al./J. Korean Inst. Surf. Eng. 54 (2021) 12-17 15

—_—
Y]
—

10 100

——#3, 0.0 wt %
——#c, 50 wt%
—h—#e, 10.0wt %

3 2

121 (ohms)
s

Phase of Z (deg)

2

10° 10" 10° 10° 10 10° 10° 10’

Frequency (Hz)

Frequency (Hz)

300
—_—a, 0.0 W%
——#c, 50wt %
—d—# e, 10.0 wt. % | 2501
@ 200
£
G 150
-
£
g 100
50 4 -2, 0.0 Wt % |
—@—#c, 50 WL %
N —r%e, 10.0 W%
T T i T T T T T
10 10* 10° 0 50 100 150 200 250 300

Zre (ohms)

Fig. 4. Electrochemical impedance spectroscopy (a) Nyquist plot, (b) Bode plot.

Fihsol nE A7Iske dgs EIsE Sd5k
1l 71 AIFE Flg. 40 ERAQICE &4t skt &
7retol mh 29] Mg daskrh 0CPet SH9]
2= AFY Zaola el s27t Sk 29
i

HE0] Zast 21 SRS

3.2. 29| "o O|Xl= sMY=30| Fat

A S0 WE 29 BA 7158 g4 HIE Alg
og A5 11 AWE Fig. 5.0 LFERCT &
A FSIIEES 29 FAIZ TIEA7IK] e 51k
=07 7 BA 55 & Al & QL) SR A
Sz gdo] wet sllr=o EAlg] RolE HA
C}.

20 T T T
——H,50, #e,19.2 £ 1.3 gfon#
—  |-®—H,50,+ 10 wt % NacCI
g 15 B
o
L
2
@ 12 i
0
L=
= ]
-% #d, 5.3 £ 0.3 gfc
= o |
#c,2.1 £ 0.1 gfcmp?
#b,0.5 £ 0.1 g/cm?
0 r : -

1] 2 4 EI- EI 10
Electrolyte concentration (wt. %)

Fig. 5. Weight loss of Al anode with electrolyte
solution.

(e»)
SHOIGH A},

A1 Fig. 6.9} Table 3.0l LIERAQIAL

Holl FAISIRACE 2&F S/, 71 7FSsh ZH0A]
S|Mek=o] H5s SQIGHAITE Fig. 6. (b)
SrAoA] SL=0] HAlg HAGIR oL AR &3
20% dgdte Zle YAIGHA Ralltt. SHAlE 8
AOE0] AELIR] LS Fig. 6. ()= THOA &3t

@D
<2
FE
1=
10
_|>~
rlo
[

rr
)
ol
Ol

TSt Afeh ks oz BA] Bl HAlS AOFL) Fig
6.= SlHY=0] Bsg HOFA 8d=0] gl

29| gHo| tjgst & o=} AlslEe g4ds)
%3l XRDE BASIYCE Fig. 7.0] 11 BA A1E U}
ERHQICE 29 BHE Ag,S, Agy0, 18|31 AgO S0
olaf WA FQIrt, RAIEo] Fe gof o5t AS
S5t o]F Ataof OJst Hieg &5 29
BHA gige 97 2 BAR R 7453

(a) Silver, weight loss0.0%  |(b) Silver, weightloss05%

clie o
Fig. 6. FE-SEM image with boiling test condition (a)
#a, (b) # e, and (c) none anode in # e.

Table 3. Chemical composition with boiling test
condition (a) # a, (b) # e, and (c) none anode in # e.

(a) Silver 99.9 0.1 0
(b) Silver 96.1 0.1 3.8
© Gray 66.9 22.6 104
280 Az T T U
@ AgO, Ag, 05, AEO. #e
) 240 A Aes ™ ——None anode in#e |
@
% 200 T -
‘E 160 e
o
o
= 120 ™ u |
g > s 4 | 1]
£ a0y A l- L N °
=
ol A2 AL T o4 %
20 30 40 50 60 70 80

2 Theta (deg)

Fig. 7. Intensity as function of degree on surface of
corrosion Ag.



16 Byung-Hyun Shin et al./]. Korean Inst. Surf. Eng. 54 (2021) 12-17

1step 2 step

I‘\

-|--I'-I-
"' -|--|--|-'

-

Fig. 8. Schematic diagram in electrolyte solution of sulfuric acid and sodium chloride of silver corrosion.
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