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Table 1 Chemical compositions of CuNil0FeMn1 alloy

Mass fraction/%

Sample No.

Ni Fe Mn Zn Pb Si P S Sn Cu
1 10.0 1.05 0.91 0.11 0.02 0.03 0.005 0.006 0.02 Bal.
2 10.1 1.42 0.97 0.15 0.01 0.05 0.002 0.008 0.01 Bal.
3 10.0 1.63 0.94 0.10 0.01 0.02 0.004 0.007 0.01 Bal.
4 9.98 1.80 0.98 0.15 0.02 0.04 0.001 0.005 0.01 Bal.
5 9.98 2.02 0.91 0.12 0.02 0.06 0.003 0.007 0.03 Bal.
6 9.97 2.20 0.94 0.14 0.01 0.06 0.003 0.004 0.03 Bal.
7 10.0 2.44 0.95 0.11 0.01 0.03 0.005 0.007 0.02 Bal.
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Fig. 1 Schematic diagram of flushing corrosion experiment
device: 1—Motor; 2—Inverter; 3—Shaft; 4—Lid; 5—Sample
shelf; 6 — Sample; 7 — Corrosion barrels; 8 — Simulated

seawater; 9—Impeller
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Fig. 3 XRD patterns of CuNilOFeMn1 alloy with different Fe
contents: (a) 1.05%Fe; (b) 1.42%Fe; (c) 1.63%Fe; (d) 1.80%Fe;
(e) 2.02%Fe; (f) 2.20%Fe; (g) 2.44%Fe
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Fig. 2 Microstructures of CuNilOFeMnl
alloy with different Fe contents: (a) 1.05%Fe;
(b) 1.42%Fe; (c) 1.63%Fe; (d) 1.80%Fe;
(e) 2.02%Fe
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Fig. 4 Element concentration distribution from dendrite to interdendritic region of CuNil0FeMn1 alloy with different Fe contents:

(a) Schematic diagram of five measured position; (b) Fe; (c) Ni; (d) Mn
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Fig. 5 Effect of Fe content on segregation ratios of alloy JRER . AHSCHERIR AN, e Fe JCEMAHE
elements in CuNil0FeMnl alloy TEH R ef <0: £ Ni-Fe —JGRF, Fe HEMIMA
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Fig. 6 Corrosion rate variation of CuNilOFeMnl alloy

with different Fe contents
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Fig. 7 Morphologies of corrosion film of CuNilOFeMn1 alloy with different Fe contents: (a) 1.05%Fe; (b) 1.42%Fe; (c) 1.80%Fe;

(d) 2.02%Fe
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Fig. 8 Surface morphologies of CuNil0FeMnl alloy with different Fe contents after removing corrosion film: (a) 1.05%Fe; (b)

1.42%Fe; (c) 1.80%Fe; (d) 2.02%Fe
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Table 2
CuNilOFeMn1 alloy with different Fe contents

Chemical compositions of corrosion film of

w(Fe) in Mass fraction in corrosion film/%

alloy/% Cu Ni Fe Mn (0} Cl

1.05 50.71 13.65 3.25 1.38  26.04 497
1.42 40.56 1576 6.3 1.34 3145 459
1.80 33.63 19.80 1041 132 3280 2.04

2.02 3470 20.58 1090 130 31.25 1.27
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BHASVEF, BILAS T & &t — DI ihl®, 3= 3ih 2 | N
wrrs
ot FEL Y T A <

Cu—e=Cu" )
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Fig. 9 XPS patterns of corrosion film of CuNilOFeMnl
alloy with Fe content of 1.80%
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Fig. 10 Effects of Fe content on mechanical properties

of CuNil0FeMn1 alloy: (a) Tensile strength and Yield strength;

(b) Elongation
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g LR T A, Fe fAE 1.05%~2.44% 3 Py A%
fbisf, B Fe &4, CuNilOFeMnl & 4 (1 i
AU U e v N SR RN ) 2 I sl N I A
SR JE AN R RO BE RGO, MBS K R PRS- 5% 08
A A I K R ORI ES bl M BE R O 2 M B
CuNilOFeMnl #4521 Fe 55410 1.80%.

1) CuNilOFeMnl &4 Niv Fe 7t# % T E %A
Bodh T, Mn oo T8 BRI B Fe & & (1)
B, G EARHEA1M, o BT Fe &5t hn;
Y Fe S 1.05% K% 1.80%H, Ni. Fe Jo 2 11w
FrEE sl B 0.49 F1 0.45 K3 0.77 A1 0.61, i
FE R B, 4 Fe S 4kal8 K, Niv Fe JCE ML
IR B&h 0.62~0.65 AT 0.49~0.51, AT FLfEEn.

2) 4 Fe & EAE 1.05%~1.80% U Fil 8 K B,
CuNilOFeMn1 & <5 75U 819 7K () Fi ik 1 56 228 0 Ok
/N, Fe SrELGREENRI, AR HOEAE K Fe
TN 1.80%I, AR RECE . 6hER DN E
Fe. Ni M=, WAL 1E -G, 48R
A S5t e (P 7K el FE e 2 B o

3) B% Fe S84, CuNilOFeMnl & 414t
Fr ot B AN e AR5 B B Fe 75 1.05%IN[F) 245 MPa Al
90 MPa 43 5|38 K 3| Fe 7 2.44%I 1] 303 MPa #1151
MPa, i W75 B 39.2% 2] 32.8%.
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Effects of Fe content on microstructure and
properties of CuNil0FeMnl1 alloy
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University of Science and Technology Beijing, Beijing 100083, China;
2. Beijing Laboratory of Metallic Materials and Processing for Modern Transportation,
University of Science and Technology Beijing, Beijing 100083, China)

Abstract: The effects of Fe content (1.05%—2.44%, mass fraction) on the microstructure, segregation, corrosion behavior
in simulated flowing seawater and mechanical properties of the CuNil0FeMn1 alloy were investigated; and SEM, EDX
and XPS were used to analyze the corrosion film of the alloy. The results show that Ni and Fe elements tend to be
enriched in the dendritic region and Mn element tends to be enriched in the interdendritic region. With increasing Fe
content, the microstructure refines obviously, Fe content in a solid solution increases. When the Fe content increases from
1.05% to 1.80%, the segregation ratios of Ni and Fe increase from 0.49 to 0.77 and from 0.45 to 0.61, respectively; and
the segregation degree of Ni and Fe elements decreases. With further increasing Fe content, the segregation ratios of Ni
and Fe decrease to 0.62—0.65 and 0.49—-0.51, respectively; and the segregation degree of Ni and Fe elements increases.
With the increase of Fe content, the corrosion rate of the alloy initially decreases, and then increases. When Fe content is
1.80%, the corrosion rate reaches to the minimum, dense, and the less-defect corrosion films containing rich Ni and Fe
elements form on the surface of the alloy during immersion in simulated flowing seawater in order to effectively protect
the a-matrix, which contributes to good flushing corrosion resistance of the alloy in seawater. With the Fe content
increasing from 1.05% to 2.44%, the tensile strength of the alloy increases from 245 to 303 MPa, the yield strength
increases from 90 to 151 MPa, while the elongation to failure decreases from 39.2% to 32.8%.
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