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ABSTRACT: . Results of measurement of the work functions of the (100) faces
of two tungsten-base alloys and une tantalum-bese alloy are presented. -

The crystals studied, of W-Re 5, W-Ta 1 and Ta-Mo 20, were grown by

zone equalization and had spontaneous (100) orientation. The work functions
of the w-re 5.and ma-mMo 20 alloys were close to (lOO) of pure W and Mo,

and they were considerably below the work functions of the (100) faces in

W and 7a for W-Ta 1 alloy.
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' Interest has increased considersbly in recent years in alloys of refractory
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metals, in connection with developing prospects for their use as materials for

e Az

cathodes of radiv tubes and thermionic converters [1-5] » 8ince sharp reductions

and increases in the work function from those of the compdnents have been dis-

R 4 - Tt e

covered in a numoer of polycrystalline solid solutions and intermetellides, 1
Sogid solutions based on these metals are convenient objects ror study of the ;
efféct of alloying on the emission properties of the pure metals. However, the E
textures of solution polyerystals can differ from the textures of the pure com- é
ponénts, even those deformed in a manner identical with the alluys [6] . %
Theéefore, it is of interest to compare the emission properties of the faces %
of éingle crystals of alloys and components, especially if the latter are %
isomorphic. The emission parameters of the crystal faces of almost all tech- %

nicglly important refractory metals have now heen measured reliably [7] » but

‘ date; on emission of single crystals of alloys is very limited [6, 8-13] , with

VR T DY
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a copsiderable part of the work having been carried out on point samples.

b

L Larg% crystals of zone-melted ulloys usually are significantly inferior to

ot ot
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crysials (zone-meited) of the pure metals, although the requirements for per-

y
N

5 fection here are tremendously higher than for the pure metals. While
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crystallographic (and, consequently, emission) non-uniformities of the faces

of a pure metal ("spots" on the faces with a different work function) are com-
parati-rely easily detected by the thermionic method and are controllable, for
example, by surface ionizetion, in the case of an alloy, it is practically
impossible to detect spottiness by the emisaion method. Crystals with a small
impurity content usually are the most unearly perfect [1&] and, for polycrystalline
solutions with a low alloying metal content, the most interesting temperature and
isothergal changes in the work function have been observed and reductions and
increases in it have been found which are of practical value [l-SJ o Thus,
single crystais of solid solutions with a smalli content of the dissolved element
are very interesting, and they are the most accessible objects for study of the
effect of alloying on thermal electron emission of pure metals.

Results are presented in this work of measurement of the work functions of
the (100) faces of two tungsten-base alloys, W + 5% Re and W + 1% Ta and a tantalum-
base alloy, 80% Te + 20% M> (weight percent). Rhenium forms a very extensive
region of solid solutions in tungsten (up to 30%),i.e., the alloy which we studied
is in the region of solution homogeneity (Fig. la). The emission properties
of polycrystaliine solutions of Re and W have been investigated in [3, 15] s
and the work function of the (100) faces of the two and six verceut alloys were
determined in work [ 8] » which was published during the time of the precent in-
vestigation. Within the limits of error, measurements of the work functions of
all of these rlloys turned out to be close to the work functions of the corres-

ponding tungsten surfaces,
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Fig. 1. Richardson lines:
a. T™-20; b. TR~-5; c¢. TT-1.
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The W-Ta and Ta-Mo systems are characterized by ~ontinuous mutual solu-
bility, as a consequence of isomorphism of metal lattices (Fig. 1b). We

do not know the emission properties of Ta-Mo system alloys. w-Ta sSystem

alloys were investigated in detail in [h] s and the curve of concentration vs.
work function @ (c) cbtained in this work, similar to the @ ( © ) curve for
a normal film system, has a sharply expressed minimum in the region of low
tantalum concentrations and a "shelf" in the region of high ones, This type
of @ (c) curve was obtalned by the authors of [3, h] s for a number of systems
with unlimited solubility, and the minimum in the curve always corresponded to
the region of low concentrations of the lower-melting component. The work
function at the minimum is considerably below the work function of both ~om-
ponents (up to 3.8 eV in the W + 3% Ta alloy), if the characteristic work
function of the imrurity is less than that of the matrix metal. If the work
function of the impurity is higher than the work function of the matrix, its
values for &n alloy may exceed both values [16] « In a qualitative explanation
of this effect, the authors of [1-5, 16] consider absorption of atoms of the
low-melting component in the alloy as a process which reduces the alloy cathode

to a film. The absence of noticeuble change in the work function in slightly
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alloyed tungsten-rhenium alloys is explained in [3] » by insufficient dif-
ference in the heats of the component atoms to cause strong absorption in rhenium
at the emission measurement temperatures.

Experiment and Results

Crystals of the alloys were grown by zone equalization [lh] , and they had
a spontaneous (100) orientation. Metallographic and X-ray structural indexing
of the crystal faces was carried out. Unit disorientation was negligible ror

the W-Re 5 and the Ww-Ta 1 alloys, and it was 5-6 degrees for Ta-Mo 20 alloys.

Flat gspecimens heated by electron bombardment were used. The measurements were
carried out in a vacuum of at least 1-5'10'8 torr. The emission parameters were

calculated from the Richardscn curves (Fig. 2) and the resulting data are pre-

sented in the table.
TABLE

e e e e s
v O :\j’u. on b :AQ,_ ﬂ/(‘-.‘.‘.zl‘pl;”\z

W= 4,62 1r
Ta-i120 4.38 43
Wepal 8,50 I 3

Key: A -- Alloy
B -- eV

C ~- A/cm2° degree2
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Fig. 2. Phase diagrams of W-Re aad Ta-Mo alloys.

Key: C -- Liquid
D -- Weight %
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The values ol the work function for w-Re5 and Te-Mo 20 alloys proved

to be close to  (100) of pure W and Mo and, for W-Ta 1 alloy, ccusiderably

below the work function of the (100) face in W and Ta. The resulis obtained

for all three alloys can be explained within the framework of the film hypothesis

[3, h] , although it should be noted here that, for the (111) face of certain

alloys, we observed considerable increase in work function, instead of the ex-

pected reduction [17] .

The authors thank R. N. Alimov for carrying out certain X-ray structural

studies and A.K. Zhdanova for performing chemica. analysis of the samples.
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