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assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
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THE SYNTHESIS OF LOW TEMPERATURE PHASES BY THE CO-CONDENSATIO&
OF THE ELEMENTS: A NEW SUPERCONDUCTING AlS5 COMPOUND, V3Al.

L. D. Hartsough and R. H. Hammond

Inorganic Materials Research Division, Lawrence Radiation Laboratory
University of California, Berkeley, California 94720

. ) . . |
A method is described whereby intermetallic phases which are not

5, - stable at high temperatures may be formed using controlled vacuum evapora-
tion of the elements. V3A1 with the Al5 structure was formed on substrates
held at temperatures below 350°C. For the as-deposited sample the lattice

parameter was O,h83 nm and the supercbnductihg critical temperature was

8.5°K.
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'Iﬁ'this'néte we“describe a téchnique which overcomeé several
difficﬁiﬁies often encpuntefed when conventional metailurgical methods
ére used to»prepare certain combinationé of the elementsf The application
Of‘fhié technique to the éeafch for“new suﬁerconduétors, in particular
3Si) strﬁcture, is discusséd; Finally, we
'{réport thé'synthésis of AlSvV3Ai; for the first time, and our measure-

the phases with A15 (or Cr

ménts_of its lattice parameter and superconducting critical temperatureL
iDifficultiés arige when conventional techniques,'such as arc-melting
or siﬁ?ering, are ﬁséd to combine elements with vastly différentvproperf
ties‘of wheh the reactions prodﬁce»unwanted phases., :FOr example, the
' maintenance of stoichiometry’is a8 problem with high melting point com-
poundé whefe one of the elements has a high volaiility.  In addition,
some elements are troublesome in that container materials confaminate
the,sample. A more basic pfoblemiis the fetention ofva high femperature
ﬁhasélﬁhen it is cddledvto a teﬁpérature beloﬁ whiéh itvbecomesvmetastable
“with respéct to the desifed phase; It ndﬁ appears thét soﬁe.structures
of sciehfific or technologicalbinferest are stéble only at tem@eratures
SO lbw.that the time required for formation ié impossibly long.l
A method which has the potential to overcome these difficulties is
the vacuum evaporation and co-condensation of the elementé onto substra%es
: maiﬁtainéd at a controlled temperature, In our work, the individual
elements are evaporated from separate.sources, usually by électron beam
heatiﬁg. Thus, vapor pressure differences are unimpoftant. With the
loc&lized'surface heating provided by electron bombardment, either the

element serves as its own crucible or contamination from the crucible is

minimized. Contamination Trom the ambient atmosphere is minimized by
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the high e?aporation rates possible with electron bombardment. Deposition
rates of one micron per minute are typical. The flux of each element is
monitored By a.chopped—beam ionization type rate monitor and contrqlled

by a feedback loop to the electron beam saurce. With tHiS»technique, the
ratio df'the»elements arriving at the substrate remains constant to

within a few percent during thé time required to deposit the sample.

"Thus, the correct composition at a particular plabe'on the substrate is

assured. Enhanced atomic mobility due to sufface diffusion no doubt aids

in establishing equilibrium and homogeneity at relatively low temperatures.
Examples of low temperature stability are found.among'theaphases

with the AlS.structure. Of 35 systems for which data are readily avail--

2,3,k

able, there are 17 for which the AlS5 phase is formed by a solid

state reaction (i.e. at relativély low temperafures); the rest melt

congruently or decompose pertecticaliy. Thus, a number of Al5 phases

are formed peritectoidally and others, notably'VBGas and Nb3Au,6 are

* formed from the bee solid solution as it is cooled. In addition, there

are reports of new Al5 phases (not included above) having been formed
at low temperatures using techniques such as solid state difquion,7

9,10 These

low temperature annealing of alloys,8 and high pressure.
techniques require a certain minimum temperature (usually 500-1000°C)
in order to achieve reasonable reaction rates. There are still other

b

systems for which electrochemical and size factors do not prohibit
formation of the Al5 phase and yet it has not been observed, even when
these low temperature methods are used. An explanation for this may be

that the Al5 phase in these systems is stable only below these minimum

temperatures.
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The motivation fof seargﬁing for new Al5 phases is that_some of
these.cou;dihave a’ very higﬁ sﬁperconducfing critical temperatﬁre, baSed
on availabie criteria for high-Tc among the knqwn‘AlS superconductors.12
The lamfer are the,@ost ﬁumerous'of-thelhigh chmaterials and include

13 .

Nb3(Al,Ge) with.a T of 20.7°K, the present maximum. It is by no

meﬁns_cerﬁain fhat this value cannot be exceedea._‘Thereforé, it is - ' Y
'desirable to search for néw,AlS compounds.,
| Thé V—Al sysﬁem is onelwhich should form an Al5 phase. Until now,
the”Ai5 phésé had not been p&éitively identifiéd in numerous experiments
v which utiiized'fhe usual methéds mentionea above. This is despite the

interest in V_Al generated by Matthias, et al., with their announcement

3
(A1,Ge), and their prediction that V

of Nbg 3

Superconductor'."lh ‘Holleck, et ai.,ls claimed to have formed Al5 V3Al

Al "would be a very high

with & lattice parameter of 0.492 nm. Several attempts to repeat their

16,17

results failed, ‘It was concluded that Holleck, et al., had formed

Al5 V_Si and/or other phases as a result of contamination from the hot

3
pfessihg in carbon diesbof Subsequent anneéling of their samples in

fused quartz ampoules., To check the possibility that carbon, nitrogen

- or oxygen favors the formation of Al5 V3Al, Mﬁller18 added C, V.0, and

275
VN to V3Al_samples. The products observed after heat treatment consisted
~of carbides and nitrides of vanadium, A1,0,, and the A2 (bec) V-Al solid | -

solution. :The bece phase exists;.in the V-Al system,lg over an extended
range of .composition at high tempefatures, whichvis also the case in the -

V—Ga.system, From these considerations, we concluded that Al5 V_Al, if‘-

3
it existed,‘could only be formed at low températures. This idea was

recently supported.by Muller's work on ternary alloysl8 which suggested
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" to us tha£ the Als-phase would form at about 306°c.

Forlthe.purpbses of this experimenﬁ the subsﬁfate (glass or fused
quartz) was held at about 3SO°C.~ This is the températufe with ﬁhe”
shﬁtter éloéed; the substfaté cools somewhat when.tﬁe.shutter is- opened.
The éppré#imatély three micron thick deposifs were smooth and of mirror-

7

like'quality. The pressure during evaporation was 3x10° ' torr.

Thé usé of an extended substrate éllows one to make,vin a single
experimeﬁt, a'considerable.pértion of the binary ﬁhasevdiagram. kFrom the
x—rgy‘diffractioh data of one run, we identified the féllowing in
decreasiﬁg order of their vanadium content: A2(bce) solid solution, the
Al5 phasé;;A2 solid SOlution again, and fhe complex éubié phése V5 8*
These differgnt regions were sometimes apparent viéually because of slight
differences in reflectance and color. All of the stroné.diffraction
lines expected for Al5 V3Al were observed in the region of the deposit

with the-compoéition V_Al (as determined both by microprdbe and thick-

3
ness measurements), No extra lines, other than those attributed to the
bee solid solution, were_observedl |
Thevlaftice parameter of vanadium-rich AlSIV3Al was determiﬁed
'frqm a p6wder pattern using material scrdaped from the shbétrate. The‘
a was'bfh830 1.0.0003vnm,.near‘the values of O.h83 to 0.484 predicted
‘on the 5asis of work on ternary.alloys by Mﬁllerls and Asada, et al.,20
‘and in aéreement with our prediction of 0.483 nm based on the Geller
radii.ll A slight increase in the lattice parameter with increase in‘
aluminuﬁ,content indicates that the phase exists over a limited range

of composition near 25 atomic percent Al.

It should be noted that both of the substrates used in the work



g

3Si, another AlS5 .

phase, could have formed in a. very thin layer at the surface of the

contain the element silicon. It is possible that V

(&)

‘substrateghand it cannot be ruled out that this could help in the

nucleatlon of the V3Al AlS phase. This will be studied in further work. -0

However, in.view of the low temperature, short time (180 sec), and the
three mlcron thlckness of the V-Al deposits, it is certain that the L/

bulk of the fllm was V3Al with the Al5 structure, as determlned by x-ray

measurements. This is‘aJSO’indicated by the fact that the Al5 structure

3Al composition, between bcc phases.

Thus'far, the maximum critical'temperature of 8.5°K, as measured

was fquﬁd‘only at the 1)

resistively, is in approximate agreement with extrapolations from the

studies of Ofto,21 and'Asada,-et al.20 The extent to which Tc can be

increased by annealing remains to be seen. The critical temperature of

Al5 phases is known to be Strongly dependent upon the degree of order.22’23

For example, we prepared V3Ga in a similar fashion, with a substrate

temperatqre of 350°C, and the T, was 12.3°K, as compared to the value of

1L4.5°K reported for well annealed samples. Similarly, Nb

Sn formed by
2L '

3
co-deposition at 600°C had a T, of less than 14°K.
In addition to studying the effects of variations in the substrate,v

substrate temperature, and ennealing, we will determine the degree to

which Tc can be increased by alloying. : L
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