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ABSTRACT

A rapid method for determining isothermal sections of ternary

alloy diagrems has been developed. Three elements are evaporated

)

simuitaneously onto a heated substrate in such a way that the composi~"

tion of the deposit varies from point to point as it does in a ternary

vhase diagrem. An isothermal section of the Fe-Cr-Ni system prepared
by the new technique is compared with . one reported in the literature.

The epplicability. of this téchnique to the preparation of ﬁhe ternary

phase diagrams is discussed.



The search for new and useful alloys is hampered by the lack of

s
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ternary alloy diagrams. There are over 4,000 combinations of

" -

element alloy systems that can be mede from the thirty common nmetals.

the non-metals such as carpon and-nitrogen are included, the number

H
|
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¥ possible combinations is considerably greater. There is general
" agreenment thel a comprehensive coilection of ternary phase diagrems
is badly needed but the time consuming task of producing them by

conventional metallurgical techniqués has discouraged investigators,

. ' . \ o i} . R
‘The authors have devised a new method of alloy preparation by means oOf

vhich many ternary alloy phase diagrams may now be rapidly determined.

3

THE APPARATUS AND ITS.OFERATION

‘The method involves the simultaneous condensation of three elements
on a triangulaer shaped substrate. The composition of the deposited film

varies regulerly from point to point, just as it does in a ternary phase
diagram.
The arrangement of the three evaporating sources is shown schemstically

in Fig. 1, and a photograph of the apparatus is shown in Fig. 2. The

o}

entire assembly is enclosed in a 3k-inch diameter stainless steel

chamber that is. evacuated To less ﬁhén 5X10—6\@or} during evaporation.

The three evaporating sources are located at the corners of an equilateral
triangle, approximetely 10 inches on a side. The suﬁstrate; which is
identicai’in.size‘and shape to this triangle, is parallel to the plane

of the sourcés and ié aﬁprokimately L4 inches above it. The metals o be

evaporated are 'solid blocks wedged tightly into cavities in water-cooled

copper crucibles, and the energy needed ﬁo evaporate each metal is supplied



tanta lum filements located below the plane of the crucibles. This
arrangenent protchs the filaments from contamination by netal vapors
and leaves the region above each crucible free from obstructions.:
Suitabl y applied electric and mwgnctlc fields are used to accelerate,
curve, eand focus the electron beams, asg indiéated in Fig. 1.

The power of each beam can be variedAindependentLy between 0.5 and 10
kilowatts. MEjals with Widely>different melting points and vapor

pressures can be co-deposited, and a wide range of evaporation rates can

~be used. The rate of evaporation from e@cn source 1is peasured with a

Sloan Model DTM-2A deposit thickness monitor.
Ideally in 2 three—souice univ of this type, the rate of deposition
of each élement would be inversel& proportional to the distance from the
evaporatihg source. In pr ctice, however, the deposition rafe does no%
follow thils simple law because the evapération is not taking place from
a poiﬁt source;. also.the hotest point on the liqﬁid surface may shift
during evaporation. The liguid is indenfed where the beanm impinges. The
temﬁerature vafies from a maximum at the Imp“n@emenu point to the meltipg

point of the metal at the edge of the poolc Both the deviation from

flatness caused by electron bomberdment and the temperature gradient in

.

The pool cause a non—ideai‘distribution of elements to beldeposited on
the substrate. In materials thaﬁ sublime, tﬁe electron beam tends ﬁp dig
& wedge~ shapea cavity and thus degtroys the hemlabhcrlcally symme trical
evaporation pattern. This causes the.composition contous in the

s

deposited film to deviate somewhat fron Tl at predicted by the inverse
, -

square law.

The relative amounts of the three met als dep081ted at any point

on the substrate can be varied by suitable cnanges in their evaporation
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rates. A nearly complete ternary alloy system can be QeDOSlued bv naking

sired, any corner can be
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the eveporation rates
ified by feducing the eveporation rates of the other Two.
The substrate is & metallic foil, .001L <o .002 inch thick, stretched
on a spring loaded_frame that holds itltigdt against a sllgqb7§ curvea
heat sink, as shown in Fig. 30' The substrate is sometimes heated in
rder to Torm eca111DV1um phases during deposition. A heat sink assembly
with tﬁolheaters can be seen in Fig. 2.
The principal criteria for the selection'of a substrate material

are: _

(1) fhat there be no allcying between substrate and deposit

at the temperature of aepos tion or at any subseguent annealing temperature,

3

o

(2) hat there be good adherence between deposit and sub5u ate.
Stainless steel and molybdemum foil have been used successfully as.
substrate materials. It has been found that surface roughening, like

hat produced by sandblasting, is necessary for good adherence, and
adherence is highly desiréble for brittle deposits..

. . ’
Vepor deposited films are often badly contaminated‘with gases.

the present method, contamin ation of the deposited film is minim 2ized

(1) using high evaporation rateé;

(2) starting the evapora tion w1uh the substrate protected by‘a
shutter until the chamber has been gettergd; and |

(3) méintaining a high-vacuﬁm (é.g° 5X10f6 Torr) .

Hllms more than 0.003 inch thick can be deDOSlued in twen ty minutes.

from them are sharp, and x-ray fluorescence
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can be used for chemical analysis.



RESULTS AND DI S“USSIOW

The Fe-Cr-Ni system was selected To illustrate the utility of <the
new method of alloy'preparation, An isothermal section so produced will
be cbmpéred with an eguilibrium bﬁe jrepared by convenitional means.

The_composition contour lines bf & Tilm deposited at a substrate
,temperature‘of 760°C were determined by x-ray fluorescencej They are
shown in Fig. 4. These conszanu composition llpes on uhe'deppsit
.correspond To thé linear grid in a standard ternary secti d“. The
irregular contour lines are thought to be due to the wandering of the
effective center of LLG evaporating source over the molten pool_of_metal.
In later éiperiments,'this difficulty was ninimized by more effé;tive
c¢ontrol of tﬁe electron Eeam; With a high vapor pressure metal like
chromivm, for exemple, defocusing of the beam was found to be an

ffective nmeans of sécuring a regﬁlar‘deposit°

A map of .the various phese ;ields;\as deterﬁlned by diffraction. on
the as-deposited film, is shovn in Figo 5, superimposed\on the composition

contours of Fig. L. This section of the Fe-Cr-Ni system was redravm on

a lineer conmposition grid to conform o standard ternery representation,
. ) \
i

with the . results shown in Fig. 6. Unfort urategy, the only isothermal
section readily.available in the literaturel for this system is at 63 °C;
it is shown in Fig. T.- |
i B .
A.comparison of Figs. 6 end 7 indicates that the phase relationships
énd the composition limits of the phases~gre in good agreement iﬁ spite

.

ifference in temperature of the two isotherms and the

jol]

of the large
normel uncertainties inherent in the preparation of ternary isothermal

sechbions. ' . , : _ _ ~
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The authors have concluded that the new technigue is sultable Tor

the direct depositicn of equilibrium isothermel sections, within certain

are some obvious limitations to the method.

cools slowly within tThe chamber there mey
This limitation nig

cceur during cooling.

in situ, and thus can be done if and when

Alternately, the foil, after removal from

eguilibrium anneal followed by a quench.

isothermal sections can be deposited only

renges, in most transiti Ol’l metal systems s

However, there

Since the as-deposited foll

be plase transformations wailch

nt be overcome by quenching
it 1s deemed necessary.
the chamber, can be given an

7

n addition, complete equilibrium

within certain temperature. -

limits. For a given system, there is a temperature below which. 001

state reactions are too slow to permit eg

However, this limitation can be overcome by subsequent annealing of the

-
!

1iMme.

Hh

The upper limit of temperature is set

. temperature in the system. However, the p

contours in ure erOSlT can be shifted by

gveporation, and by doing this it is somet

uid phases. Also, satisfa

cannot be made when the vepor pressure of

significant re-eveporation occurs.

A variety of ternary deposits havé been mede,

Mo-A1-C in which the phases Aluc Mo C MoALl

3

.

Also, in the Nb-Sn-Te system,
CONCLUSIONS
- Isothermel sections of many t rnery dia,

fCllublV obt alned

vilibrium stx

the deposit is so low tha

the superconducti’g vhase Nb

uctures to form.

’
)

by the lowes liguidus

ositions of the composition
adgu ting the rates of
imes possible to avoid the

ctory high temperature deposits

.G ;
e

including the system

12

3

grams can be rapidly and

The most time consuming step in the older, more

and Moqu have been identified.

Sn WaS identified.



conventional methods, namely . the preparation of the numerous specimens

needed for the determination of a complete ternary section, can be

obviated by use of ,this new technique. A complete ternary alloy deposit

can easily be made in a day. However, the determination of composition o
and structure is still %time consuming, and better methods are needed for

the rapid determination of composition and crystal structure.
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FICURE CAPTIONS

Inside View of Ternary Electron Beam Evaporator

Substrate Stretching Afsembly : o

Conoos“*i cn Contours in che As-~Devosited Film.
Tsotherm al &t ) :

Composition Contours with Superi
Map in the As-Devosited Film. Iso
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Stancdard Representation of the New Ternary.
Isothermal at 760°C.

’Lerp“wy Reported in the Literature.
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Fig. 1
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