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New Sigma-Phases in Binary Alloys of the 
Transition Elements of the First 

Long Period 
'!'HE structure of the brittle intermediate a-phase 

in the system iron-chromium has not yet been de
termined ; but isomorphous phases have been found 
in the systems iron- vanadium1, cobalt-chromium• 
and iron-molybdenum•. All these phases occur at 
or near to the equiatomic composition, and this has 
led K. W. Andrews• to suggest that they are connected 
with superlattice formation. Recent work in this 
Laboratory has led to the discovery of four new 
a-phases the compositions of which are of interest. 
The existence of two of these phases was predicted 
by Beck and Manly•. 

(1) Chromium-manganese. The intermediate phase 
in this system, previously denoted 0 6, has a typical 
cr-phase structure, and its composition range extends 
from approximately 72 to 83 atomic per cent man
ganese. 

(2) Vanadium-manganese. The equiatomic alloy 
has a body-centred cubic structure; but an alloy 
containing 24·3 atomic per cent vanadium gave a 
typical a-phase powder pattern though the micro
structure was not homogeneous. 

(3) Vanadium-cobalt. An alloy containing 50·5 
atomic per cent vanadium has a cr-phase structure. 
This is consistent with the results of Koster and 
Lang 7 for the ternary system iron- cobalt-vanadium. 

(4) Vanadium-nickel. An alloy containing 55 
atomic per cent vanadium h as the cr-phase structure; 
and this phase extends from about 55 to more than 
65 atomic per cent of vanadium, and is probably stable 
up to the solidus. 

The interplanar spacings for the vanadium cr-phases 
are slightly greater than those for the chromium 
a-phases, as would be expected from the known 
atomic diameters. It is found that a single multi
plication factor enables all the interplanar spacings 
of any one er-phase to be converted into those of 
another. The multiplication factors necessary to 
make the observed d-values equal to those for the 
chromium-manganese phase are shown in the accom
panying table, and the agreement is exact within 
the limits of experimental error. 

Sy.stem Cr-Mn Cr-Fe Cr-Co V-Mn V-Fe 

Composition Mn 75 ·5 % Mn 75 ·7 % Fe 52 % 
of the alloy Cr 24 ·5 % - - V 2-1 ·3% V 48 % 

Multlplication 
1 ·002 1 1 ·012 factor 1 0 ·9935 0 ·9908 

The above results show that the formation of 
er-phases is not connected with an equiatomic super
lattice, and support the suggestion of Sully and Heal• 
that er-phases are electron compounds. We have not 
been able to obtain a er-phase in vanadium-chromium 
alloys, and the present results therefore suggest that, 
in binary alloys of the First Long Period, a-phases 
are found only in alloys of vanadium with elements 
from manganese to nickel, and in alloys of chromium 
with elements from manganese to cobalt. Bradley 
and Goldschmidt9 state that the er-phase structure 
corresponds to a distorted body-centred cube, and it 
is interesting to note that the phase apparently 
always occurs in equilibrium with a solid solution in 
the body-centred cubic metals chromium and 
vanadium. 

Note added in proof. Our attention has been 
directed to a recent paper by Pietrokowsky and 
Duwez10, who have also found er-phases in vanadium
cobalt and vanadium-nickel alloys. 
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Formation of Order in the Alloy Cd Mg. 
T H E formation of a superlattice in the alloy AuCu~ 

has been found to be accompanied by interesting 
X-ray diffraction effects1,• ; superlattice lines on 
powder photographs gradually build up from the 
background, starting as very broad bands and 
sharpening gradually as perfect long-range order 
develops. This phenomenon has been shown, both 
theoretically• and by optical analogy•, to be due to 
increase in the short-range order in the alloy. 

So far, AuCu 1 seems to be the only alloy for which 
this phenomenon has boon reported, with the possible 
exception of certain compositions in the copper
palladiwn system6• We have now found that similar 
effects occur for the alloy CdMg3 ; this has a critical 
temperature of 160° C., and order develops fairly 
rapidly even at room temperature•. 

Since CdMg 3 is hexagonal, its powder photograph 
is much more complicated than that of AuCua, and 
when order develops many of the superlattice lines, 

V-Co I V-Ni 

Co 49 ·5 t)' Ni 45% 
V 50 ·5 }'0 V 55 % 

0 ·9984 I 0·9930 I 

particularly those at high angles, 
cannot easily be measured. The 
low-angle superlattice lines appear 
to be rather broader than the 
main -lattice lines ; but those at 
higher angles, which should estab
lish the effect with more certainty, 
are not easily seen in the back
ground of the main-lattice lines. 

This difficulty has been overcome by the use of 
single crystals. A single crystal was made by slowly 
cooling a small piece of the alloy from the melt at 
about 500° C. At these temperatures magnesium is 
readily attacked by both silica and air, and it was 
found necessary to place the alloy in an iron container 
in a silica tube containing argon at a low pressure. 

X-ray oscillation photographs showed that the 
crystal was accompanied by one or two small Stttellites, 
but the superlattice spots could be clearly seen ; 
and they wore found to be definitely broader than 
the main-lattice spots. They sharpened appreciably 
when the crystal was left for several days at room 
temperature. 

\Ve propose to examine the shapes of the spots 
and to follow the changes in these shapes as order 
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