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ABSTRACT: Objective To obtain the economical and environment friendly chemical dissolution process of wear-resistant
bonded copper. Methods The optimized chemical dissolution processes were obtained from a series of orthogonal experi-
ment. Corrosion dissolution rule and electrochemical behavior of copper and artillery barrel in chemical solutions were in-

vestigated using the continuous weight loss method, polarization curve and E-¢ curve. The morphology of the copper in the
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corrosion process was observed as well. Results The chemical dissolution processes were hydrogen peroxide-citric acid sys-
tem—H,0,(0.8% ) +C¢H;0,(6 g/L)+6(30°C )+ pH(10) , and potassium bromate-citric acid system—KBrO,(30 g/L) +
C¢Hy0,(30 g/L)+6(30 °C) + pH (10), respectively. In the electrochemical test, the oxidation film of copper was grad-
ually dissolved during the initial period, then the corrosion potential became negative with the increase of the dissolution
rate. With the extension of time, copper matrix was exposed and entered the stable dissolution process and the dissolution
rate tended to be stable. The corrosion current density derived from the polarization curve of the copper in potassium bro-
mate-citric acid solution was two orders of magnitude greater than that in the hydrogen peroxide-citric acid solution, sugges-
ting a much stronger ability of anodic activation. Conclusion Copper exhibited fast and stable dissolution rate, and the cur-

rent density of artillery barrel was 2 ~3 orders of magnitude lower than that of the copper in both chemical solutions, sug-

gesting excellent anti-corrosion performance.

KEY WORDS: bonded copper; corrosion dissolution rule; electrochemistry behavior
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Table 1 Orthogonal design of hydrogen peroxide-citric acid sys-

tem
A B C
W= (@u,0,/%)  (peguo,/ (g L)) (8/C)
K1 0.4 2 20
K2 0.6 4 30
K3 0.8 6 40

R2 ORBEW-ITRERE R EZ KRR

Table 2 Orthogonal design of potassium bromate-citric acid sys-

tem
D E C
LS (pKBrO3/(g'L_l )) (PC6H307/( g.L_] )) ¢y
K- 1 20 20 2
K2 30 30 30
AF3 40 o =z

K3 FEUS-ITERERHEZIIEER

Table 3 Orthogonal results of hydrogen peroxide-citric acid sys-

tem

52 szoz/ p(l(’Hx(H/ 6/ t/ " v/
= (1) T b T (™)
1 0.4 2 20 2 10 2.74
2 0.4 4 30 2 10 5.69
3 0.4 6 40 2 10 5.34
4 0.6 4 40 2 10 3.48
5 0.6 6 20 2 10 8.53
6 0.6 2 30 2 10 4.19
7 0.8 6 30 2 10 11.13
8 0.8 2 40 2 10 4.56
9 0.8 4 20 2 10 7.21
I, 12.20 10. 00 16.27 - - -
II, 13.95 14. 60 18.37 - - -
I, 20.30 21.85 11.81 - - -

x4 RBRW-ITERERNEIXRBER

Table 4 Orthogonal results of potassium bromate-citric acid sys-

tem
e PKmo}/ pCo”s°7/ 0/ t/ oH v/ ]
(gL) (g1H € h (pm-h™)

1 20 20 20 2 10 23.64
2 20 30 30 2 10 48.76
320 40 40 2 10 43.04
4 30 30 40 2 10 87.50
5 30 40 20 2 10 33.97
6 30 20 30 2 10 62.70
7 40 40 30 2 10 87.13
8 40 20 40 2 10 56.59
9 40 30 20 2 10 39.89
I ; 89.56 128. 55 84. 41 - - -
]Ij» 164.64  156.14 177.79 - - -
Il. 163.83 133.34 155.83 - - -
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Fig. 1 Morphology of copper after dissolution in hydrogen per-

oxide-citric acid system
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Fig. 2 Morphology of copper after dissolution in potassium bro-

mate-citric acid system
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Table 5 Electrochemical parameters of the red copper in the two

solution systems

R E../ L/ Jeon” v/
(L3R v (Aem™)  (pA-em™) (gem™h™)
R0, + -0.1405 8.427x10™* 8.427x10™* 9.988x10>
C,H0, - : : :
KBrO, +

’ 0.1563 3.688x107 3.688x107> 4.372x10*
C6H807

S SE AT PIRMAR R I it th 2 an &l 5 f
7N WUES AT A Ak it 2 S 3 SR 1 3 AL -l Tl R
AENOTT 2 PO T LA 3000 A LR AE T A 1A
FRIEW 0 o e S R b R 3, OB ok
FEL I BE M il R, DL 6, RT LU A kA

x6 MEEKEAMBRERTHBUFESH
Table 6 Electrochemical parameters of the artillery barrel in the

two solution systems

Wil E../ Lo/ Jeo” v/

(S \ (Arem™?) (pA-em™) (grm™h™)
H,0,+

-0.1461 2.702x10° 2.702x107° 1.8812
C6H?307
KBrO, +

-0.2340 2.081x10”° 2.081x107°  14.488

G, O,
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