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Table 1 The chemical composition of the 90Cu-10Ni alloy

used (mass %).

Cu Ni+Co Fe Mn P Zn C S

bal. 10.7 1.72  0.84 0.010 0.018 0.0045

0.0022

1.2 LA LRIER
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9T 1~3 M HIRIEAE R bR AT THERFEm R
1T ) R S U NARY/S B g H
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Fig. 1 EBSD results of the electropolished 90Cu-10Ni sample

with the corresponding inverse pole figure
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Fig. 2 Results of indentation-tracking characterization of
copper-nickel alloy sample
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Table 2  Grain orientation and surface morphology

observation results of Regions A and B
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A3 (838) 204 VU T A 1 R
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Fig. 4 Corrosion morphology of area B and its grains:

(a) area B; (b) grain B1; (c) grain B2; (d) grain B3;(e) grain B4;

(f) grain Grain B5; (g) Grain B6; (h) Grain B7 copper-nickel alloy grains

Fig. 5 IPF diagram of the surface normal vector of
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Fig. 6 2-D AFM image before artificial seawater immersion

corrosion
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Fig.7 AFM height differences between grains in Region A.
(a)2-D AFM image; (b) section profile recorded along the
arrow 1 marked in (a); (c) section profile recorded along the
arrow 2 marked in (a); (d) section profile recorded along the

arrow 3 marked in (a)
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Fig. 8 AFM height differences between grains in Region B.
(a)2-D AFM image; (b) section profile recorded along the
arrow 1 marked in (a); (c) section profile recorded along the
arrow 2 marked in (a); (d) section profile recorded along the

arrow 3 marked in (a)
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Table 3 Angle 0 and height difference of adjacent grains

pmi 0 (°) Ly 0(°) T 2 (um)
A2 33.0 Al 43.6 0.21
A3 20.4 A2 33.0 0.23
A3 20.4 Ad 48.0 0.45
Bl 18.1 B2 484 0.38
B3 7.6 B2 48.4 0.45
B5 33.6 B2 484 0.24

B6 15.8 BS 33.6 0.36
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Fig. 9 AFM images of A2:

(a) 2-D image; (b)2-D image with prominent crystallographic directions identified; (c) section profile recorded along the straight line
marked as “a” in (a) and its diagram at the right side; (d) section profile recorded along the straight line marked as “b” in (a) and its

diagram at the right side; (e) section profile recorded along the straight line marked as “c” in (a) and its diagram at the right side.
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Fig. 10 AFM images of B1:

(a) 2-D image;(b) 2-D image of the region marked by white square in (a), with prominent crystallographic directions identified;

(c) section profiles recorded along the arrows marked as ““al”, “a2” and “a3” in (a) and their diagram at the right side;

(d) sections profile recorded along the arrows marked as “bl1”, “b2” and “b3” in (a) and their diagram at the right side;

(e) section profiles recorded along the arrows marked as “c1”, “c2” and “c3” in (a) and their diagram at the right side.
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Fig. 11 AFM images of B2:

(a) 2-D image;(b) 2-D image of the region marked by white square in (a), with prominent crystallographic directions identified;

(c) section profile recorded along the straight line ““a” marked in (b) and its diagram at the right side;

(d) section profile recorded along the straight line “b”” marked in (b) and its diagram at the right side.

J3 b J5 dRL R THL/N SR THE R S <1 1 1>H00A)
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Table 4 Relationship between angle 0 of the base grain and

angle 0’ of the newly exposed facet.

JE4E B RLHL 1) /I et TR ) 0-67(°)
(1122 48.4-46.5=1.9(>0)
21 20 48.4-48.7=-0.3(<0)
2119
(2320 14) 48.4-11.1=37.3(>0)
(18 11 19) 48.4-12.5=35.9(>0)
O@111) 18.1-31.7=-18.6(<0)
(105 12) (2 15 40) 18.1-39.7=-21.6(<0)
(11 8 6) 18.1-14.2=3.9(>0)
(26 1 35) 34.5-34.8=-0.3(<0)
(7111) (8113) 34.5-32.5=2.0(>0)
(6111) 34.5-34.2=0.3(>0)
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Effect of Grain Orientation on Corrosion Morphology of
Copper-N1 Alloy

Shi Bingxiao'*?, Tan Zhenjiang*, Cao Dongdong'**, Jia Rongguang"**, Ma Tongda'**""

(1. GRINM Group Co., Ltd, National Analysis and Testing Center for Nonferrous Metals and Electronic Materials,
Beijing 100088, China; 2. Guobiao (Beijing) Testing & Certification Co., Ltd., Beijing 100088, China; 3. General
Research Institute for Nonferrous Metals, Beijing 100088, China;4. Luoyang Ship Material Research Institute,
Shandong Qingdao, 266237)

Abstract: The corrosion failure analysis of copper-nickel alloy pipes was mostly focused on the sur-face electrochemical
corrosion behavior and the correlation between the structure of the passive film and the corrosion resistance. However,
the effect of the surface microstructure of the copper-nickel alloy pipe on the corrosion resistance had not been clarified
by now. In this paper, both the scanning electron microscopy with back scattered electron diffraction (SEM-EBSD) and
atomic force microscopy (AFM) were utilized to characterize the orien-tation and corrosion morphology of the grains of
the copper-nickel alloy pipe by indenta-tion-tracking, so as to reveal the corrosion behavior and corrosion morphology
evolution of the differently oriented grains. The results showed that the corrosion depth of the grains increased and the
morphology changed from scallop-like to step-like or tetrahedral convex shape as the angle between the grain orientation
and the <1 1 1> direction decreased. It was directly related to the surface energy of the grains, which was in line with the
Terrace ledge kink (TLK) model.

Key words: Copper-nickel alloy; Indentation-tracking; Grain orientation; Corrosion morphology
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