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ABSTRACT Minor Fe and Mn additions are necessary to enhance the corrosion resistance of com-
mercial Cu—Ni alloys. The present paper aims at optimizing the addition amounts of Fe and Mn in
CuroNizg (atomic fraction, %) alloy using a cluster—based solid solution model. In this model it as-
sumed that one Fe(Mn) atom and twelve Ni atoms formed a cluster consisted of Fe(Mn)—centered
and Ni-surrounded cube-octahedron and the limit solid solution would be composed of isolated
Fe(Mn)Ni;o clusters embedded in the Cu matrix. The ratio of the Fe(Mn) atoms and its surrounding
Ni atoms is 1 : 12, and the limit solid solution composition of Fe(Mn)-modified CuzNiso alloy is
[M; /13Niy2/13]30Cuzo=[(Fe1 _Mn;)Nij2]Cusg.3, M=(Fe;_,Mn,). The OM, XRD and electrochemical
corrosion measurements were used to characterize the microstructure and corrosion resistance per-
formance of [(Fej_,Mn,)Nij2]Cusg 3. The results indicated that the solid solubility limitative alloys
[(Fep.75Mng 25)Nijo]Cusp.s has the best corrosion resistance in 3.5%NaCl aqueous solution.
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corrosion—resistance
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Fig.1 Isothermal section of the Cu-Ni-Fe alloy phase
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Fig.2 Cluster model of fcc [(Fei—;Mng)Nij2]Cuso.3 solid
solution alloys
(a) (Fei—zMnz)Nij2 and Cujz cube-octahedral
clusters
(b) neighboring but isolated (Fej_;Mng)Nijs clus-
ters corresponding to the solubility limit
(c) Fe-Ni-Fe-Ni-type long-range order in the FeNig
phase
(d) cluster model for the Cu-Ni-Fe solubility limit
alloy where the FeiNij2 atomic clusters are em-
bedded in Cu matrix
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Table 1 Chemical compositions of [(Fei—zMng)Nij2]Cuso.3
and NijzCusg.3 alloys

T Atom fraction, % Mass fraction, %

Cu Ni Fe Mn Cu Ni Fe Mn

0 70 27.69 231 O 71.72 26.20 2.08 0
0.25 70 27.69 1.73 0.58 71.73 26.20 1.56 0.51
0.5 70 27.69 1.65 1.66 T71.73 26.21 1.04 1.02
0.75 70 27.69 0.58 1.73 T71.73 26.21 0.52 1.54
1 70 2769 0 231 71.74 2621 0 2.05

Nij3Cuszp.3 70 30 0 0 71.64 28.36 O 0

60 mV/min, R =HERIMRAR R, 2 BB H R
Htk (SCE), MBIy Pt Jr, IHER TAERM. #E
JEmseg e 3.5%NaCl drifkfT, 121 240 h JFER R
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REFE PR AR, ¢ A St ] ).
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Fig.3 XRD patterns of the fcc structural NijzCuszg.3 and
[(Fe1—zMng)Nij2]Cusp.3 alloys after annealing at
800 C for 5 h
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B 4 Nij3Cuszo.s Ml [(Fe1—Mng)Niie]Cuso.s £47E 800 CiBA 5 h f BifZHHN
Fig.4 OM images of the Ni;3Cuszpo.3 (a) and [(Fe1—zMnz)Nii2]Cusg.3 alloys with =0 (b), 2=0.25 (c), =0.5 (d),
2=0.75 (e) and z=1 (f) after annealing at 800 ‘C for 5 h

0.3
I ; . . .
<0 .. i\ & 2 NiigCugo.3 fll [(Fe1—xMng)Ni12]Cuzo.s S HMAER
02} ---- x=0.25 «:{: i e
~~~~~~~ x=0.5 7 Table 2 Corrosion parameters of the Nij3Cusg.3 and [(Fe1—z-
% 01l ; ,' g Mny)Nij2]Cusg.3 alloys in 3.5%NaCl solution ob-
é ,' / tained by fitting the curves in Fig.5
S oof 4 )
_S . Vi x FEecorr tcorr Ba Be
2 3 2
§ o1l iy A% pA/cm?  V/dec  V/dec
..... ’ 0 —0.137 10.9 0.156 —0.091
02F o 0.25 —0.123 7.5 0.194  —0.099
T I P S R ) 0.5 —0.133 121 0156 —0.101
Corrosion current density i,Alcm® 0.75 —0.152 22.5 0.195 ~0.120
5 Nii3Cuszo.3 fil [(Fe1—zMngz)Niio]Cuso.3 5430 1 —0.175 45.3 0.172 —0.125
CERVERETTI Ao Nij3Cuzoz —0.212 85.5 0.184  —0.143

Fig.5 Potentiodynamic polarization curves of the
Nii3Cusp.3 and [(Fei—zMng)Nii2]Cuso.3 al-
loys in 3.5%NaCl solution

Note: Ecorr—corrosion potential, icorr—current den-
sity, Ba—anodic Tafel slope, Bc.—cathodic Tafel
slope

BB E (Bc). FHERALEIE (Ba). B MK 2 ATRLEH, 1 NizCuses G&AHLE, BIA

B (Ecorr) FTEEMHIR (icorr), N3 2 F/R. [F &ty Fe 1 Mn Bl E T NizoCuro A48 19 3 i
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[ Fe F1 Mn &5xt CuzoNizo & 4B i TP RE 5 ¢
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Mn, Fe Je&EXt CuroNizo &< i ik BE 0y 5% 3 K.
AR HE I Fe 2tk CuroNige &4, BRI Fe F1
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6 [Fe1Nii2]Cusg.3 54:7E 800 CiBk 5 h J57E 3.5%NaCl
WP SIS S ok R B e i) 1 284k
Fig.6 Changes of mass loss and the corresponding corro-
sion rate of the (Fe1Nij2)Cusg.3 alloy after annealing
at 800 ‘C for 5 h in 3.5%NaCl solution with time
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Fig.7 Changes of static immersion corrosion rate with Mn
content x of [(Fe1—zMng)Nij2]Cusp.3 alloy (the da-

tum of Ni;3Cusg.3 is also given as comparison)
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£ 3.5%NaCl il s B S r it Jg it g, S P24
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