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Abstract
Ordering and age-hardening behaviors in Cuo.sAuo.5-xNix alloys (in at%, x=0 ~ 11.9) were
investigated by means of electrical resistivity measurement, hardness test, X-ray diffraction and
transmission electron microscopy. In addition, corrosion in alloys mentioned above was also
evaluated.

The effects of Ni contents on ordering and age-hardening behaviors were as follows ;

1) For each alloy aged for up to 50000min at 300°C, the maximum value of hardness
ranged between 275 and 330 Hv and decreased little by little depending on the increase of Ni
contents (at %). And the aging time when softening started increased slightly in order of alloys
CA-1, CAN-Z and -3 and also the softening rate was suppressed by degrees. For the alloys
CAN-4 and -5, the softening rate at the overaging stage was very slow.

2) Upon aging treatment at 300°C, a single phase with the CuAu I-type superstructure was
produced in the alloys CA-1, CAN-2 and -3. On the other hand, in the alloys CAN-4 and -5,
a mixture of a CuAu I-type ordered phase and a small amount of nickel-rich « > phase with the
face-centered cubic structure was produced.

From these results, it can be seen that the hardening would be due to the introduction of
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coherency strain at the interface between the CuAu I nuclei and the surrounding matrix and
that a loss of coherency strain at interface occurred by twinning brought about softening of
the alloy, i.e., overaging.

Potentiodynamic (— 500 to 1000mV) and potentiostatic (750mV, 600s) polarization measure-
ments were conducted in 1%NaCl solution (37°C) deaerated with N2 gas bubbling, using a plati-
num (a counter electrode) and KCl saturated Ag/AgCl (a reference electrode) . For the
CuosAuos-xNix alloys tested in the present study, it was found that there was little difference
in Q values between the disordered and the ordered alloys and that the Q values would be

mainly controlled by the dissolution of Cu from the CuosAuos-xNix alloys and Ni was little dis-

solved.
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Table 1 Chemical compositions of CuosAuo5-xNix alloys examined

Composition (at %)

Alloy

Cu Au Ni
CA-1 49.9 50.1 0
CAN-2 50.0 47.2 2.8
CAN-3 49.9 44.1 6.0
CAN—4 49.9 41.0 9.1
CAN-5 49.9 38.2 11.9
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Fig. 1 Electrical resistivity changes in CuosAuos-xNix
alloys with temperature during continuous heating
(a) and the associated temperature derivative

curves (b) . A heating rate of 0.1°C/min was em-

ployed.

CuAu &% (CA-1) oM LIcERT A&, &
DEEDIIIEITHE S N EBA o Tl bk
EVWHERBEER TEARLTBY, 2OKTIIER
(R.T.)~180CHEFTHE I EHNKTE, 1
12HE < 280CHEE TOE 2 M B DT D 2 BRRS (25
PITWV D, THUTHFRICMHE o HEAMH (fec) IR
2o OBANLIEL 2o DEIEART L £ 2 5,
%1 BB TIZEF Il (Quenched-in  vacancy)
WHAF L72BAMETH b | 8 2 BB O T I3 2 F i 12
S ECHIMETH L L E 2 505, T B EA
EAZZYGE., 2OREOEEMIE Cudu I BIFBIHET-
(Llo, fet) MTH H, 280CLABETIX AR E & b 12
CORAMEHD b & CHIRPLIZEML, 390C., &5
ZAISCARE CaBIcmT 2, Zo&bizEzns
. CuAu I BAHD & BEWIHEE 2 FF2 CuAu T HIH
Bl (Llo-s) ~, #LTCuAul BH» 5 a HIEHE
BAOHEIIC L2 D ThHhrEEZ LN B,
ZHIZH LT, Aud—E% Ni TERL-&%

—-H A # 5

CAN-2 ~-5DmIWIPLEILIE, Ni BEOBEIIZMF
V1 BB RS T sEIEATE I L T & A
RIC X B HIRPUE T EA/NS b E b2, Tel
METT2EAER Lz, TellidCA-1TI3417C,
CAN-2~-5TiZ#hFh 407, 391, 369, 313C
THo 7,

Fig.1(b) i21d, BHEH D 300~440C D @ H K
B ZRETHMD L ZIREMS & AP dT —
THi#R) 273 ¥, WEHIMBEOE -2 (Tiabb,
d#/dT=max.) I IRIGEEIFRKE R LEEZRT
M, INSDOFERENLLD NI FBEOBEMC L ) HHE
BEREORTHAHIIIRERTV S,

B. 721k

SR LR O R L 0 | I8 SUSEEE A5
EEZONAHANLBROSE 1 K (170C) &, 2
M U CTHIEPUR T 227K & C RUBEE b & #
A ONLHAMLBIEDSE 2 KR (300C) oEhEh
DIREIZB T, BERIE % 47 - 7245 B % Figs.2~5
[N N

400
;‘>:‘ 300 |
Tn’ —a— CA-1
€N
2 —o— CAN-2
‘I-Eu 200 —a— CAN-3
—o— CAN-4
—O— CAN-5
100 l ! ! !

KJ l
010" 10° 10" 102 10°® 10°

Aging time (min)

Fig. 2 Variation of Vickers hardness number in alloys
CA-1, CAN-2, CAN-3, CAN-4 and CAN-5 with time
during aging at 170°C.
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Fig. 4 Variation of Vickers hardness number in alloys
CA-1, CAN-2 and CAN-3 with time during aging at
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Fig. 5 Variation of Vickers hardness number in alloys
CAN-4 and CAN-5 with time during aging at 300°C.
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Fig. 6 Changes in X-ray diffraction patterns in alloys
CA-1 and CAN-3 during aging at 300°C for various
periods.
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Fig. 10 Bright-field images of the alloys CA-1(a) and CAN-3(b) aged at 300°C for 30000min.

Table 2 Average size of antiphase domains (nm)

Alloy Aging time
10 min 30000min
CA-1 38 472
CAN-3 36 155
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Table 3 Electrochemical reaction and equilibrium electrode potential (Ee) of each ingredient
(Cu, Ni and Ag) in CuosAuos-xNix alloys tested

Electrochemical reaction Ee (mV) (at 37°c)

Ni = Ni** + 2 —432
CutCl~ = CuCl + e —53

cut = cu*t + e —29

Cu = cCu*”" + 2e 154

Cu = CuT™ + e 339

CuCl = Cu*t+Cc1™ + e 363
Au+4C1~ = (AuCly)~  + 3e 810

The counter and reference electrodes were platinum and KCI saturated Ag/AgCl, respectively.
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Fig. 11 Changes
CuosAuos-xNix alloys in 1%NaCl corrosive solution
at 37°C, deaerated by N» gas bubbling. The tests
were carried out between -500 and 1000mV at a

in the anodic polarization curves of

scanning rate of 1mV/s.
(a) : solution treated at 700°C for 30min and
then quenched into ice brine (-18°C).
(b) : aged at 300°C for 10000min after the solu-
tion treatment.
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Fig. 12 Variation of current density in CuosAuos-xNix
alloys with time. In order to obtain the value of
Q , potentiostatic polarization measurement was
performed at a constant potential of 750mV for
600s in 1%NaCl corrosive solution at 37°C, deaer-
ated by N3 gas bubbling.
(a) : solution treated at 700°C for 30min and
then quenched into ice brine (-18°C).
(b) : aged at 300°C for 10000min after the solu-

tion treatment.
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Fig. 13 Variation of Q values with Ni content (at%).
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