
Technical Note 

On the Ordering Effects in the Corrosion of Cu 3Au by Aqueous 

Ferric Chloride 
by H. Papazian and Robert A. Lad 

S INCE it can be shown both theoretically l-3 and 
experimentally'-6 that disordered Cu"Au has a 

greater internal energy than the ordered alloy, it 
might be expected that its chemical reactivity would 
be greater. Experiments were initiated7 to test this 
hypothesis. This note will describe some recent re­
sults obtained in the study of the rates of corrosion 
of ordered and disordered polycrystalline Cu"Au by 
aqueous FeCI3 • The work of Robertson8 has indi­
cated that the attack by such solutions is intergran­
ular and highly orientation dependent. It was of 
interest to see whether the order-disorder effect was 
great enough to overcome the variations from speci­
men to specimen which would arise from this type 
of attack. 

The polycrystalline alloy specimens (0.020 in. 
wire, 1 % in. long) were preannealed in 1/2 atm H2 at 
700°C for 2 hr. The subsequent heat treatments to 
produce order and disorder were performed in 1fz 

Table I. Reactivity Rates for CuaAu in Aqueous Ferric Chloride 
at 30°C 

FeCb concentration, 
mol per liter 0.125 0.250 0.500 1.000 

Rate for ordered specimens, 
mg per min 0.052 0.083 0.145 0.340 

Ra te for disordered specimens, 
mg per min 0.062 0.099 0.262 0.475 

Rdisordered 
1.2 1.2 1.8 1.4 

Rordered 

atm He. Disordered specimens were obtained by 
heating at 450°C for 2 hr and quenching in water. 
Ordered specimens were produced by heating for 
2 hr at 450°, furnace cooling to 380°, and soaking 
at 380°C for 80 to 90 hr. Room temperature was 
reached by cooling to 150° at a rate never exceeding 
7° per hr, and water quenching from 150°C. The 
specimens so produced exhibited electrical resistiv­
ities characteristic of the two states; of the order of 
11.27x10-6 ohm-cm for the disordered, and 4.28x10-6 

ohm-cm for the ordered specimens. 
The corrosion rates were studied at 30°C in ferric 

chloride solutions of several concentrations (1fs, 1f4, 
1fz, and 1 molar). The specimens were attached to 
a stirrer during the tests. Tests were interrupted at 
intervals, and the specimen weight change was de­
termined after washing and drying. A:o.alysis of the 
solutions showed that the attack was limited to the 
copper. 

The higher corrosion rate for the disordered al­
loy, as illustrated in Fig. 1, is typical of the results 
obtained. The effect of variation in ferric chloride 
concentrations is indicated in Table I for typical 
specimens. The variations in the ratio of reactivity 
for disordered and ordered specimens at the differ­
ent concentrations are within experimental error, 
and the best value is estimated to be near 1.4. The 
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Fig. 1-Reactivity of ordered and disordered polycrystalline 
CU3Au in 0.5 molar ferric chloride. 

experimental variation was due in part to the mode 
of attack, as mentioned, and in part to the fact that 
films were formed on the specimens under some 
conditions. Electron diffraction patterns of the films 
were very complex and indicated the presence of 
metallic iron, as did chemical analysis. In an at­
tempt to eliminate the difficulties arising from the 
mechanism of attack, single crystal specimens were 
used. A greater reaction rate was again measured 
for the disordered specimens, but the reproduci­
bility was no better than that for the polycryst~l­
line metal. This would indicate that film formatIOn 
was primarily responsible. 

It was concluded that the reaction with aqueous 
ferric chloride served to demonstrate that the re­
activity of disordered Cu3Au is greater than that of 
the ordered alloy. However, the difficulties with 
film formation did not permit determinations of a 
precision great enough to warrant extension of the 
study to partially ordered alloy systems. 

References 
1 W. L. Bragg and E. J. Williams: Proceedings Royal Society, 

London, 1934, vol. 145A, p. 699. 
2 R. Peierls: Proceedings Royal Society, London, 1935, vol. 154A, 

P·32~7. Eguchi. Memoirs Faculty of Science, Kyusyu University, 
Japa;', 1951, ~ol. 1B, p. 25; Chemical Abstracts, 1952, vol. 46, p. 

39~~f Sykes and F. W. Jones: Proceedings Royal Society, London, 
1936, vol. 157A, p. 213. . 

5 R. A. Oriani: Acta Metallurglca, 1954, vol. 2, p. 608. 
6 L. R. Rubin, J. S. LI. Leach, and M. B. Bever: AIME Trans., 

1955, vol. 203, p. 421; JOURNAL OF METALS, February 1955. . 
7 H. Hersh: Paper presented at Amer. ChemIcal Soc. Meeting, 

C~i~~1J.1~;bertson: Trans. ASM, 1955, vol. 47A, p. 170. 

TRANSACTIONS AIME 




