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AT IS, Ho A B 0 T HURR T H
REFAR TR (1D g dm ok, ARG, 45 1
B U R L REi 1Rk AL SR TG EERe W
AR A S I MRS AT RAE, DURFCHR &
& it R ER ) R T A R ) B2

N T SRR G S M R TR O SR R A
T2, PRIV LH ZAGE R 448 4 0 A T 5 ol
sz, ARURGEZETT R T BT 4 B 0 e AR R
RAEFAR, MR R, EAIREEHA
R TR S R < R S T T T S AL S kL
HA] RAH DTN . O T i — D R E RS S E M
KIMJE LI, O PR & S EM MRS
JE i 2 AR R

ASCRFAN T KRR MR, 458 TH
Ji FL BT T B HL T AT 5 (SEM-EBSD) AR 1 77 2. 4l
Bi(AFM)FE L IR EERAFBIA, SR & 45 M i
R ) S P P 3 AT W 5%, AR /R R & &8 6
TROLZH 235 3 X JE o e 2 TR R OG R, R AoV 4
ZGERE 0T J il M BRI P N TERLEE

1 LI

1.1 ERS S

A S DA AR AFA it 2 FH A AR B & B A R S e
MEHEFFIF I TAE, HAEM5 N CuNilOFel.6Mn
(B10), &4M%E89 mm, EEEEFE 2.5 mm. KA H
ARG B TR R RSO TEE (ICP-AES) LR
e EAURER AL AN . FAA S X R ATk
SRS RS, RIS RUWR 1R,
1 BIOIMEIL R T4 R

Table 1

(mass fraction, %)

Chemical composition of 90Cu-10Ni alloy used

Ni+Co Fe Mn P
10.7 1.72 0.84 0.010
Zn C S Cu

0.018 0.0045 0.0022 Bal.

1.2 fWLH LRI R

NT G THORHLMEL, K ke S AE 1000 C N
AR S min, 752 K AL EL S FORE AR IR
ER, R 120% 220%. 500%. 1000%. 2400*fib
RHATHIE S, F22.5 pum A 1.0 pm & RIA D

B, ERRIREZJASRERM. FIH Bt
PR 22 AN ZE KR i R THTHT 1~3 /M3 R SR A 9 8 b
We N THBERFEMEBTMERRNT, £H
70%H,PO,+30%CH,CH,OH(Ji & 7 $0) ¥& Wik 47 ¥
P, RS VR A R 7R IS e I 5 B R i
FRBR B (1) AR

O 2H 2R R AE K FH ISM=7900F #4437 /% S 14
HL T 5 i 8% (FE-SEM), it EDAX Pagaus XM2 J%
OIM-Analysis 8 FfF, SRS RIEC A & 2R AL
an RT3 A RS SRR SR B AT
HLBE LSS, I fEL R A 15 kV, HLJN 10 mA;
EBSD U I3 # KA 20 kV, HLJN 15 mA,
KN pm.

1.3 REIEEFE

BRE AL E T 3.5%NaClE IR 2 h, HUH G
K FH LA Y 2 BR AR T k=, L8R e 7 A B
TR b= J5 AR S R TS

FIH 77 2408 (L 5 Bruker Multimode 8)
X BRI =) i RE AT R IMAC BRRAE, R
Gwyddion 3 52568 245 747 -

2 HERSIE

2.1 FEBEFERESHN

B 1 TR N g KR i 56 A A A & 4
FE G A T30 & EBSD [ 5E A 1045 5 . 1 HK
XIR A M B, nEH BETTHERNR. XiH4 R
X 38 B N AR BU R 23 T (111« €001) B (101)
T3 1AV FR) R /> B A

B304 B 7 N R Xk AL X35 B Bk
N DX 3 A R B /> R 2 i 1 TS o T S 3 L e Ao
PREFRAESE . M3 MAT W, 4 3.5%NaCliE R
RIS, X3 A FNIX I B N &R JE i 30 3
FEEPUNPUTHAR N EDIR . B BPIR A 55 UK

T RN 4 R THTAS R I it A )5S
PR R K JE LB, AR SO oA 2R T )92 ) o R
R 5 D) B 22 (R M id o 0. &2 Fiosh
Xk A, X3 B RSB . R B ERSGT
FoitBas B . R 2 3.5%NaCl IS 0R 1 & b s HY
LTRSS, R HLUL S R SR BE £ R 6 14
o R A . M MAE 0N T.6°~20.4°0F, U143,
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Fig. 1 EBSD results of electropolished 90Cu-10Ni

sample with corresponding inverse pole figure
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Fig. 2 Results of indentation-tracking characterization of

copper-nickel alloy sample
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Fig. 3 Corrosion morphologies of area 4 and its grains: (a) Area 4; (b) Grain 41; (¢) Grain 42; (d) Grain 43
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Fig. 4 Corrosion morphologies of area B and its grains: (a) Area B; (b) Grain B1; (c¢) Grain B2; (d) Grain B3; (e) Grain B4;

(f) Grain BS; (g) Grain B6; (h) Grain B7

22 BEFHAERESH S, w6 Fin. NTKRIEEMIKESE,
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Table 2 Grain orientation and corrosion morphology observation results of areas 4 and B

Grain No. Grain orientation 0/(°) Corrosion morphology

Al (3114 43.6 Scallop-like

A2 (7111) 33.0 Step-like

A3 (839) 20.4 Tetrahedral convex shape
A4 1112 48.0 Scallop-like

Bl (10512) 18.1 Tetrahedral convex shape
B2 2119 48.4 Scallop-like

B3 9811 7.6 Tetrahedral convex shape
B4 (315 28.6 Step-like

B5 (17 121) 33.6 Step-like

B6 212) 15.8 Tetrahedral convex shape
B7 (5110) 34.6 Step-like

111 10 um
' . 120 nm
®B3 ) '
.
B6 o =
B1® ¢
B4 43
o -
..;{; o4l B eA2 B | = >
001 101 :_ B
ElS  HHRE e AR F % A ) & ) IPF & | 3

Fig. 5

nickel alloy grains

IPF diagram of surface normal vector of copper-
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L5 e AR SE I CLLL) PR 40 oL 1 1 P 22 9 IE
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Fig. 6

immersion corrosion

2-D AFM image before artificial seawater
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Fig. 7 AFM height differences between grains in area A4:

(a) 2-D AFM image; (b) Section profile recorded along

arrow 1 marked in (a); (c) Section profile recorded along

arrow 2 marked in (a); (d) Section profile recorded along

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

arrow 3 marked in (a)
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Table 3 Angle 6 and height difference of adjacent grains

Grain No. 0/(°) Grain No. 0/(°) Height difference/um
A2 33.0 Al 43.6 0.21
A3 20.4 A2 33.0 0.23
A3 20.4 A4 48.0 0.45
B1 18.1 B2 48.4 0.38
B3 7.6 B2 48.4 0.45
B5 33.6 B2 48.4 0.24
B6 15.8 B5 33.6 0.36
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Fig. 9 AFM images of grain 42: (a) 2-D image; (b) 2-D image with prominent crystallographic directions identified; (c)
Section profile recorded along straight line marked as a in (a) and its diagram at right side; (d) Section profile recorded along
straight line marked as b in (a) and its diagram at right side; (e¢) Section profile recorded along straight line marked as ¢ in (a)
and its diagram at right side
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Fig. 10 AFM images and calculation results of grain B1: (a) 2-D image; (b) 2-D image of region marked by white square in

(a), with prominent crystallographic directions identified; (c) Section profiles recorded along arrows marked as a,, a, and a,

in (a) and their diagram at right side; (d) Sections profile recorded along arrows marked as b,, b, and b, in (a) and their

diagram at right side; (e) Section profiles recorded along arrows marked as c|, ¢, and ¢, in (a) and their diagram at right side
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Fig. 11

AFM images and calculation results of B2: (a) 2-D image; (b) 2-D image of region marked by white square in (a),

with prominent crystallographic directions identified; (c) Section profile recorded along straight line @ marked in (b) and its

diagram at right side; (d) Section profile recorded along straight line » marked in (b) and its diagram at right side

4RGS0 f ST O A Z A5 R
Table 4 Relationship between angle 6 of base grain and

angle ' of newly exposed facet

Original
. Facet ,
grain . . 0-0")/(°)
R . orientation
orientation
1122 48.4-46.5=1.9(>0)
2 1 20) 48.4-48.7=-0.3(<0)
2119
(2320 14) 48.4-11.1=37.3(>0)
a8 11 19) 48.4-12.5=35.9(>0)
@111 18.1-31.7=-18.6(<<0)
(10512) (2 15 40) 18.1-39.7=-21.6(<<0)
(1186) 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)
(6 111) 34.5-34.2=0.3(>0)

ZiaR2-3ATAL R G IR doRL 0 AN
SEAFBUE SR AT AR, BA R ER
GAi) 2T

3 518

1) @RI S AT A B YIAR DG . B dikiEY
] 5 (111 J7 ) 22 8] % A a0, it R 2 T JE ok gt
FESEIN, Bk R 35 e e DURR 2 AR S B il R 55 Y T
AR .

2) dn kLA 5 (111 J7 ) 2 B SR A, 1%
R RE BB, KR Se R AR, B oE R
TRE BRI R, AR R T 2L Fs I
R EHR B VU TH A4 AR =P IS .
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Effect of neighboring grains on the microscopic corrosion
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Effect of grain orientation on corrosion morphology of
copper-nickel alloy

SHI Bing-xiao" >3, TAN Zhen-jiang*, CAO Dong-dong" >3, JIA Rong-guang"**, MA Tong-da"*?

(1. National Analysis and Testing Center for Nonferrous Metals and Electronic Materials,
GRINM Group Co., Ltd., 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, Qingdao 266237, China)

Abstract: The corrosion failure analysis of copper-nickel alloy pipes was mostly focused on the surface
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 has 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 orientation
and corrosion morphology of the grains of the copper-nickel alloy pipe by indentation-tracking, so as to reveal the
corrosion behavior and corrosion morphology evolution of the differently oriented grains. The results show that
the corrosion depth of the grains increases and the corrosion morphology changes from scallop-like to step-like or
tetrahedral convex shape as the angle between the grain orientation and the (111) direction decreases. It is directly
related to the surface energy of the grains, which is in line with the terrace ledge kink (TLK) model.

Key words: copper-nickel alloy; indentation-tracking; grain orientation; corrosion morphology
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