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THE SYNTHESIS OF LOW TEMPERATURE PHASES BY THE CO-CONDENSATIQN
OF THE ELEMENTS: A NEW SUPERCONDUCTING A15 COMPOUND, V3Al
L. D. Hartsough and R. H. Hammond+
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A method is described Whefeby intermetallic phases which are not
stable at high temperatﬁres may be formed using controlled vacuum
evaporatien.of the elements. Y3Al with fhe AlS5 s#ructure was formed on
substrates held at temperatures in the range 350~450°C. For the as~

deposited sample the lattice parameter was 0.483 nm and the superconducting

critical temperature was 9.6°K.
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In phié note we déscrifé>a technique whiéﬁ ovércomes,sevefal
diffiéuifiéS“oftén encouhtered whéh.conventibnal ﬁetéllufgicél methods
are uSed tgzpreparé certaiﬁvéémbinétions'df the elemehts. The application
vofoﬁis £é§ﬁﬂi§ue to tﬁekééérch for new supefcondﬁéﬁéfs,_in barticular
the phaéé§ with A1S (or.Cr

S1i) structure, is discussed. Finally, we

3

report fhe_syntheéis of Al5 vy

ments of its lattice parameter and superconducting critical temperature.1

Al, for the first time, and our measure-

7Diffiéﬁitiésvariée when conventional techniques, such as arc-melting
or sintefing, afe.useg to‘combine»eléﬁents'with vasﬁly difféfent proper-:
ties or ﬁhéh tﬁé reactions érodﬁéé unvanted phases. For example, the
mainteﬁaﬁ@é‘of stgichiométrf is a pfoblem with ﬁigﬁ melting point éoﬁ—
poundsiﬁhéfé.one of the élemeﬁ£éshaé a highbvolatility. In addition,
soméieighéﬁ£s.aré troublesome in that container materials contaminate
the saﬁpie,  A more bésiévprobleﬁvis‘the retention of a high teﬁperature
phaée when_it:is-cobled to a témperaturé below which it becomes metastable
wifh résﬁécf to the‘desired:phasé. It now appéafs fhat some structures
of SCienﬁific dr techhological inferest are stable only at temperatures
;Q lowithai”the time required for*formationvis im.’possiblyvlong.2

'Alﬁethéd which has the potential to overcome fhese,difficulties is
thevyacuum evaboration and co—condensatibnﬂbf the elements onto substrates
maintainéd gt a cpﬁtrdlled temperaﬁure. In our work, ﬁhe‘individual
veiements,afé evaporated froﬁ'separaté sourcés;»usﬁélly by'electfon'beam
.‘héating;; Thﬁé,‘vapor_pressure'differeﬁqes are,unimportanf. With the
"localiie&'éurface'heafing érovided’by électron bbmbardment, either the
elemenf sérvés as its own cruciblé or contaminatioh from the crucible is

minimized. Contamination from the ambient atmoépheré is minimized by
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the high e?aporation rates possibie with electron bombardment. Deposition

rates ofvone'micrdn per minute are tYpical in the work reported here.

The flux of each element is monitored by a chopped-beam ionization type

rate monitor and controlled by a féedback loop to the electron beam
sourée. With this technique, the ratio of the elements arriving at the
substrate remains constant to within a few percent during the time |
required tqueposit the sample, Thus, the correct compdsition at a
particular place on the substrate is assured. Enhanced atomic mobility
due to'surfAce diffusion no doubt aids‘in establishing equilibrium and
homogeneity at relatively low temperatuies.
Examples of low temperature stability are found among the phases

with the Al5 structure. Of 35 systems for which data are readily |

available,3’h’5

there are 17 for which the AlS phase is formed by a solid
state reacfion (i.e. at relaﬁiveiy low temperatures); the rest melt
congruently or decompose pertectically. Thus, a nuﬁbér of AlS phases

, T

are formed peritectoidally and others, notably V Ga6 and Nb Au; re

3 3
formed from the bcc solid solution as it is cooled. In addition, there
are reports of new Al5 phases (not included above) made at low temperatures
with techniques such as solid state diffusion,8 low temperature annegling

of alloys,9 10,11

and high pressure. These techniques require a certain
minimum temperature (usually 500-1000°C)in order to achieve_reasonablé
reaction rétes.” There are still other systems for which elecﬁroéhemical
and size factorsg’12 do not prohibit formétion of fhe Al5 phases and yet
it has nqt been observed, even when these low temperature methods are

used. An explanation for this may be that the AlS phase in these systems

is stable only below these minimum temperatures.
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The V-Al system is one whlch should form an AlS phase. The bce
phase ex1sts, in this system,l3vover‘an extended range of composition at
"high_temperatures;‘which is also;the case in the V—da system; :fromvthe
‘&éonsiderationsdiscussed above;'ve concluded that AlS VéAl; if it existed,
COuldjonly!Be formed at.lowltemperatures:v1Until now, the AlSvphasethad
notlheen'posltively»identffied‘in numerousjeiperiments.vhich utiliied the

usual methods mentioned above. This is despite thevlnterest in V3Al'

1h'

generated by Matthlas, et al. w1th the1r announcement of Nb3(Al ,Ge) and
its hlgh superconductlng T , and thelr predlctlon that V3Al "would be a .
very high"superconductor. Holleck, et al 5 reported the format1on of

Al5 V Al w1th a lattlce parameter of 0 h92 nm. However attempts to
'repeat thelr result us1ng the ‘same preparatlon methods, have falled to
-produce the Al5 phase.16 17 ’In addltlon, several points discussed by |
Holleck, et al.; when examlned in the l1ght of work publlshed subsequent
to thelr artlcle (in 1963), raise serious questlons concernlng their
clalm: (l) The Holleck et al.,studles were concerned~w1th the V3A1—V3Sb
'pseudoblnary system. They p01nted out the surpr1s1ng fact that the
measured x-ray 1nten8it1es did not vary apprec1ably as Al replaced Sb on
mov1ng.across the_system; further, that‘the-measured 1nten51t1es for their
reportediv3Al were in closer agreement with those calculated for V3Sb

rather than with those calculated for V3Al. _Because Sb has a much-larger

scattering factor than does Al “this is a'very large effect We calculated '

h'llne 1ntens1t1es for a range of V3Al—V3Sb pseudob1nary alloys, w1th

'correctlons for anomalous scattering (Holleck,et al.,used Cr-Ka radlation)

“and found excellent agreement w1th observed 1nten51t1es, for their reported

fV3Al, at a comp051tlon near 40 mole % Vs Sb. (2) Thelr reported lattice

C v
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pafameter; 0.492 nm, represénts an unexpected 4% volume expansion over
the solid solution; éﬁd is much larger than our measured value, 0.483 nm.
Our valuéfis in good agreement with prédicted values and with values
obtained by‘thé extrapolation of déta on pseﬁdobinary alloys (see beiow).
In addifién;'as noted by Holleck; et al., théir lattice parameter dia not
vary appreciably as Al replaced Sb in the V3(Al,Sb) system. Indeed, their

value of/O.h92 nm reported for V_Al is consistent with recently measured

3

values for V_A1-V_Sb alldys.ls’lg Thus, both the x-ray intensities and

3 3

the lattice pérameter reported by Holleck, et al., for their V3Al are

consistehthith those for a V3Al-V3Sb alloy and do not agreé with our

values for V3Al. ' (3) Holleck, et al., report having made V3

followed by a 6 to 10 hour anneal at 1000°C. However, the work of

Al at 1500°C

Mﬁllerls'on ternary alloys ahd‘bur own results indicate that the V3Al
A5 phase is not stable @bove T00°C. However, the addition of Sb will
inéreaSe the temperature at which the Al5 phase can be formed.

For the purposesrof this éxperiment, the substrate (glass, fuséd
quartz; or alumina) was heid at #arioué'temperatures in the range 350~
450°C. The approximétely‘3 micron thick deposits required 3 minutes to
make, aftéf which the sufstrate heating power was immediately turned off
to-minimiie possible éontamination of the deposits. The background

T

pressure'iﬁ‘the all metal system during evaporation was 3x10 ' torr.
The use of an extended substrate aliows one to make, in a single

experiment, a considerable portion of the binary phase_diagram.v From -

the x—fay‘diffraction data of.one run, we identified the following in

decreasing order of their vanadium content: 'A2(bcc) solid solution, the

Al5 phase,; A2 solid solution again, and the complex cubic phase V5 8
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'These dlfferent reglons were usually apparent v1sually because of slight
differences in reflectance and color; Thls v1sual 1dent1f1cation durlng
a slow heating experiment, in 31tu, 1nd1cated that the Al15 phase is not
stable above some temperature between 600 and TOO°C in agreement with
the-statements above Thls most likely explains the failure of past
attempts to synthes1ze V3Al | ‘

All of:the strong.dlffraction lines expected'for AlS V3Al vere _
.observed.in the region of the deposit withxthevcomposition V3Alb(as
determinedeoth by'microprobe and thicknessymeasurements). No ertra

11nes, other than tnase attributed to the bcc solidbsolution, were”

obServed}a The lattice parameter of vanadiumfrich AlS»VéAl was:determined
from aiDebpe—Scherreripowder pattern using material scraped from the.
twogph;sé regionlof'the substrate.’ Nickel—filtered.Cu-K radiation was used
and the;lattice.parameter computed from observations abo;e 26‘= 60°,
using X(CuK; )‘=”O 15h178 nm and a least—squares extrapolation vs
1/sinvééf“ The a_ was 0. 4829 + 0.0003 nm, near the values of 0.483 to

0. h8h predicted on the basis of work.on ternary alloys by Muller18 and
Asada, et al.,lg and in agreement with our prediction of O. 483 nm based

- on the Geller rad11.12 A sllghtlincrease in the lattlce parameter with
increase'in aluminum‘content indicates that the phase exists over,a
limited,range:of composition.near 25 atomicApercent Al. Table I lists

- the positions£and intensities of the observed peaks (both taken from a
.microphotometer trace of the powder.pattern) along with calculated

' intenSities. _The intensity ratios of adjacent linesbagree remarkably
well.with'the calculated values,rexcept where lines from the vanadium

solid solution interfere.
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Thus far, the maximum critical‘temperature is’9;6°K, as measured
resistifély; The exténtrto which Tc can be increésed by higher.substrate
temperatufé dr annealing.réméins to.be seen. We-do not feel that it is
meaningfﬁl ﬁé comﬁare our T_ with values predicted on the basis of
MxAll_x syétems.v These are characterized

3
by a-low predicted Tc if based on a V

extrapolations in various V

M with high T (e.g. Si, Ga),

and a high predicted Tc if based on systemé for which V
18,21

M has ablow T
3 c

(e.g., Ge, Sb, As). However, we intend to determine the degree to
which Tc can be increased by alloying.

Inbconclusion, we wish to point oqt the significance of the approach
used sucééésfully in this wofk: there are many other possible Al5
compounds which may be stable only at relatively_loﬁ temperatures. There

is the real possibility that some of these may have high superconducting

critical temperatures.

18,19,20



"Addenduﬁ'

Subsequent to. the sutﬁ1ss1on of thls paper, we learned of the
publlcatlon of Luo, et al 21’ The1r extrapolated value of a, 1 for V3Al
obtalned from the study of ternary compounds V (Al X), agrees with our
result.* Our dlscuss1gn concernlng ‘the stablllty of Al15 phases in
generalzfaha V3Al.in pafticﬁlar;‘istsimilaf‘to.the'ideas'pfesented-ih
tﬁeir'fape};. o o | | .

Awﬁe%_report has appeared22 of.the formation of Al5 V3Al, with a
lattice ednstaet ef 0.h8l2 nm, and .a T, of 11.65°K. rThis material was

annealed at 1000°C for 180 hours in a quartz ampoule. The authors found

1% S8i in the sample as a whole. It is likely that the Si concentration

was hlgher 1n the Al5 phase, which was a small fractlon of the sample.
Only a few percent Sl is requlred to make the reported lattlce constant
and Tc c0351stent_w1th Qur results. As discussed previously, we do not

Al A15 phase is stable above " T00°C, however it

believe tﬁat the pure V3

©is possible that a few percent Si would permit formation of the Al5 phase

at 1000°C.

)

/
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Table 1. ObserVed-and calculated intensities forAV
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Al, with Cu-Ko

" radiation and anomalous scattering for vanadium.

hkf -

Remarks

29 Iobs Icalc
111 -~ 26.6. (20) 23" high background
200 . 37.5 64 48 . o
210 i h2.2 28l 227 +(V)
211 46.3 100 100
220 - - 2 .
310 - - 3
©61.2 2l - (V)
222 67.h 56 25
320 70.5 80 43
321 73.6 100 45
76.9 128 - (V)
400 79.7 18 23
330,411 - - 2
420 1 92.6 56 SN +(V)
b2l 9k.11 56 41
332 96.9k 18 n
be2 - - <1
»h3l,510.‘g = - 3 v
106,71 48 - (v)
432,520 118.58 88 55 .
521 123.23 80 23 +(V)
Lo 129.07' Lo 32
143.16 96 - (v)
530,433 - - - 1 '
W42,600 - 146.4 (16) 23 very wesk, broad
' 6107 - 151.75 32 36
532,611  159.2h | 40 89,

e
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