
X-ray Investigations on Copper-Arsenic Alloys. 275

X-RAY INVESTIGATIONS ON COPPER-ARSENIC ALLOYS.

By Nobuyujci KATOH.

Received July 22, 1930. Published September 28, 1930.

Earlier Investigations. According to the thermal and microscopic in-
vestigations of Hiorns(1) there should exist no less than three intermediate 

phases in the copper-arsenic system within the range 0-44% As, correspond-
ing to the formulas Cu3As, Cu5As2 and Cu2As. Friedrich(2) using the same 
methods of investigation, claims to have found Cu3As and Cu5As2, but he 
did not confirm the existence of Cu2As. 

The electrical properties of these alloys were first studied by Matthies-
sen and Holzmann.(3) Friedrich(4) observed an abrupt change of direction 
in the conductivity curve at the limit of the saturation, of arsenic in the 
copper phase. Puschin and Dischler(5) measured the conductivity of a series 
of alloys containing up to 43% As. This investigation have only confirmed 
the existence of one intermediate phase, namely Cu3As. 

By passing arsenic vapour over hot copper Koenig(6) succeeded in pro-
ducing macroscopic crystals of Cu3As which have been subjected to cryst-

(1) A. Hiorns, "Electro-chemist and Metal," (1904). 
(2) K. Friedrich, Metallurgie, 5 (1908), 529. 
(3) A. Matthiessen and Holzmann, see Metallurgie, 5 (1908), 529. 
(4) K, Friedrich, ibid. 
(5) N. A. Puschin and E. Disehler, Z. anorg. Chem., 80 (1913), 65. 
(6) G. A. Koenig, Z. Kryst., 38_(1903), 529.
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allographic measurements. According to Stevanoic(1) they crystallize in 
orthorhomic system with axial ratios 0.5771:1:1.0206, while Wright(2) des-
cribes the symmetry as hexagonal with an-axial ratio 1:1.539. 

Quite recently Ramsdell(3) found that crystals of Cu3As produced by 
Koenig's method and material produced by fusion give the same X-ray 

pattern, a result which has been confirmed by the present author. Although 
the crystals are quite well developed, the powder photograms show that 
their composition is not uniform. Ramsdell made no attempt to determine 
the structure. 

By melting the theoretical quantities of the components in an evacuated 

quartz tube, Machatschki(4) prepared alloys of the compositions Cu3As and 
Cu5As2, and subjected them to an X-ray investigation. All interferences 
of Cu3As were accounted for by a quadratic form of the hexagonal type, 
and the lattice dimensions were found to be the following:

a=7.200A, c=7.478A.

The axial ratio is c: a=1.039. 

Machatschki also made a goniometoric determination of the axial ratio 

of crystals obtained by Koenig's method, The following table shows the 
result obtained by him compared with those which he has calculated from 

the data of Stevanoic and of Wright.(5)

The alloy with the composition Cu5As2 was found by Machatschki to be 
inhomogeneous but to consist mainly of a phase with the same structure as 
Cu3As but with slightly different lattice dimensions. 

Preparation of Samples and their Chemical Analysis. The alloys with 
less than 30% As were prepared in a high frequency induction furnace 
in nitrogen atmosphere,(6) 20 grams of electrolytic copper were first 
melted in a magnesia crucible. The arsenic (Kahlbaum) was then dropped

(1) S. Stevanoic, Z. Kryst., 37 (1903), 246. 
(2) F. E. Wrignt, Z. Kryst., 38 (1903), 509. 
(3) L. S. Ramsdell, The American Mineralogist, 14 (1929), 188. 
(4) F. Machatschki, Neues Jahrbuch fur Mineral., 59, Bl. Bd. (1929), 137; Centralblatt fu

r Mineralogie, A, (1930), 13-19. 
(5) Loc. cit. 
(6) G. Hagg, Nova Acta Regia; Soc. Scient. Ups., Ser. IV, 7, No. 1 (1929).
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into the melt. The alloys with higher content of arsenic were prepared by 

melting copper and arsenic together in an evacuated quartz tube, as des-
cribed by Thomassen.(1) In order to obtain a uniform product, the tube was 

turned after fusion, allowing the melt to flow down along the wall of the 

tube. Samples of 6 to 7 grams were prepared in this way. 
The composition of the samples could be estimated by weighing the 

product obtained and assuming that no copper was lost during the melting 

process.(2) The content of copper was, however, also determined analytically 
by one of the following methods. 

All samples were dissolved in warm nitric acid and evaporated with 
sulphuric acid. When the arsenic content was low, a copper sulphate 

solution free from arsenic was obtained by evaporation with hydro-fluoric 

acid. Copper was then determined electrolytically in the presence of nitric 

acid.(3) The samples with higher content of arsenic were treated according 
to a method described by Jannasch and Biedermann.(4) The sulphate solu-

tion was made strongly alkaline and the copper was reduced by hydrazine 

sulphate. The copper was then dissolved in acid and determined iodome-
trically. 

X-ray Analysis. The X-ray tube used was of the Hadding-Siegbahn 

type and was run at 45kv. and 10ma. Three cameras of. the focussing 

type(5) covering together the whole diffraction range, were used. The time 

of exposure varied from 5 to 8 hours. The cameras were constructed by 

G. Phragmen and were calibrated with sodium chloride. The K-radiation 
of chromium was used throughout the work.

The α Phase. According to Friedrich,(6) copper dissolves about 4% As

at room temperature. The dimensions of the face-centred cubic copper

phase (α) increase with the arsenic content. While the edge of the elemen-

tary cube is for pure copper 3.608A, it was found to be 3.629A for an alloy

with 2.0% As. At the limit of solubility at room temperature the edge was

found to be 3.640A.

The β Phase. Friedrich found the β phase to have a homogeneity

range extending from 28.6 to 29.6% As. This was confirmed by the present

aothor. As already mentioned, Machatschki succeeded in inding the ele-

(1) L. Thomassen, Z. physik. Chem., 135 (1928), 385. 
(2) Puschin, loc. cit. 
(3) A. Classen, "Quantitative Analyse durch Elektrolyse," (1927). 
(4) P. Jannasch and K. Biedermann, Ber., 33 (1900), 631. 
(5) H. Bohlin, Ann. der Physik, 61 (1920), 422; A. Westgren and G. Phragmen, Phil. 

   Mag., 50 (1925), 318. 
(6) Loc. cit.
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mentary dimensions of this phase. Before Machatschki's work was pub. 

lished, the present author had also found the quadratic form. The following 

dimensions were determined by the author.

The density of Cu3As was determined by several authors as follows:

The most "probable number of molecules in the unit cell is 6, which 

according to the X-ray data of the author would give the theoretical 

density 8.22.

Table 1 gives the X-ray data of an alloy within α-βtwo phase range.

Table 2 shows the data of a slowly cooled alloy with 30.9% As, only faint

lines appear besides those belonging to the, β phase. When the same

specimen was quenched from 630℃., however, a number of new lines

appeared (Table 3). This might also expected from Friedrich's diagram.

The lines of the β phase occupy exactly the same positions in both

photograms, which shows that the limit of the homogeneity range is not 
appreciably influenced by the temperature. 

Alloys with higher content of arsenic will be subjected to continued 

investigations. An alloy with the composition Cu5As2 was tempered at

700℃. for 7 days and quenched from 670℃. The photogram was not

homogeneous but showed lines belonging to the β phase. A qoenched alloy

containing 38.7% As contains no more R phase. It was found to consist

of primary crystals in an eutectic. The author confirmed Friedrich's 

observation that these primary crystals slowly decompose into two new 

phases.
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Table 1.

Powder Photogram of a Cu-As Alloy with 19.6% As.

Chromium-K-radiation.
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Table 2.

Powder Photogram of a Slowly Cooled Cu-As Alloy Containing

30.86% As. Chromiun K-radiation.
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Table 3.

Powder Photogram of an Cu-As Alloy with 30.86% As Quenched

from 630℃. Chromium K-radiation.
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