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reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



L
o
7z
<
o
o
¢
S

Inoxgenic Materials Research Division, Lawrence RBerkeley
L;%oritovv and Department of Materials Sciencs and
ﬂjlnwﬂtlng, Vollogaiof Enginecering; University of

23

,.,

arkeley, California

Previous works dealing with the stability of
uhh,eg are reviewed. Data for over &0 known Al5 ph
are used to develop. criterila for stab 71

ﬂdress-v'Optiééi Coat ng Laborat
. P. 0. Box 1592, Santa Ros
195403

N
2",
H

.®
n
0]
'3
(ofn
m



ba ca

phases and to di

been Fo&1” i = t of the exploration was
guided by rel lvevatomic size and posiiion of the components
in the Periodic Table. Re gnlLlOQ Lbat AiSrohaSes ara
electron'phases is relatively roceﬁc '(2), although Brewer (3)
promoted this conéept'as early as 1984. Thus, the 3:1 atomic
composition ratio indicated by the usual cﬁemlcal notation
for these phases (AéB) is not rigoroﬁslg followed, espacially
whmrc both componsnts are transition metals. Despite this
recognition, Al5 is yet to be found in a number f,binary
uj”“cma for which it seems favorable.

This paper wlllvxe—EYamine the ope:&fion of parairaters
mentionad above,vas well as sevexral othérs,'and,preseﬁt
guidelines winich can be used to determi“é_SYStems, compositions,
and temperatures-favorable to formation of naw AlS;phasés.
First, parametars to be examined will be introduced. Then,
pravious work will be reviewsd to provide an historical ?ers—
pective. Nexv, the criteria will be developed and summarizad.
Finally, i systems which are favorable for.forma

Factors correla
tegorized as g
dvnamic (4,5). Of

is easiest to

imgorcant in

e



The electrochemical factors.ra§ be_axproaéhed frem a
physical or a che Cu] point of view. From the former,
eleciron concent aLlon_(numoe: of electrons per atom, por
und Ctll, or per unit volume) is Zelated7to alectron energy
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ure and o dmnbwty of sta
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N(O). Tha Cﬂeu~CQl v1cvp01 1t yelates electron concentration

1

to filling of ponding orpbitals by electron transfer or
promotion -from honbonding to bonding vale

nce.s
either v194601nt there are certain typos of phas

-

e
electrdn cobcent:aLloq plajs a major role in stability.
Thase are called e¢ectron-compounqs, or re. prop
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to be discussed
and prebburb. Tn addition to.these, internal pressure will be-
mentioned as a SQCOPd j’factor’in_discussion of the Bngel-

Sfever_correlaﬁlon. ‘Internal prassuc is the _ ,
Brewer (3) for thé’soluolllty pav4mator oxr '¢OueSiVe enexgy- -
density” term in regular Soluulon t:aocy (8). It is the |

molal énergy_oL_vaD051zatlon alVlded oy the ro1al volume and

is a measure of 1nue*qal cohesivea. forces. . Internal press

o
A}
)

differences are uoed to calculate the non-electronic con-
tribution to excess tﬁecmooynanlc functions of mixing and

solubility.liTitS of solutions (3,8,9):

1

Beta-tungsten was 'discovered in 1931 as (perhaps un-

w

fortunately) the prototype of thv structure now designated

Al5 (ac:ukturnorlgqu) or Cr,Si-type. Wnereas in B-W the

3
latt: ce sites are all occupied by one spacies, constit

o
1
3
1
n

ALS phaseg prefer one or the othar of the type

sites shown in Fig. 1. See Pe gLson (10) for details con-

of
cerning the Alb lattice. "Kaspef (ll) p01n:ed out certain
aometyr al similarities among the a—Mn {oxr y), o, AlS, i,

g ic
and Laves phases. For ¢ and Al 5 s;ructu:ally guite similar,
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Groups 6-8 3d elements, it was shown
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stability depznds on. the con
QO largb deformatio S

n. Lave
ratio (Goldschmidt CN 12) near ons seex
called attention'to'redularltles_1n'positlon of the constitu-
ents in th

left of

M

eriodic Table: the A element is always to ths
5

Mn uroun_gﬁﬂ the B element alwavs

t
oy
®

rignht. of the Group.

nurber was similar to that in ¢ phases and su

electron vacanci
limits better than did total numb

outside a closed shell. However, d4di
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termining number of ele
5d metals (12). ' The e
to saying that the ext

bhoundaries.

In contrast _the Eng 1 correlation (2
is the number of bonailj s,p e
crystal structure. This con

c
bond approach (21), was reéfinad and usad by Brewer (3,22,23,2



u
“extra d-bonding most effectively (23). The configu

~5-
tha ensrgy paid to achieve this distributicn. (Although
Pauling electronegativity difference is the traditional
measure of ten dancv to transfexr electrons, it is unsatlis-

i
factory for calculations of electronic interactions in
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placed on size;'ln-ernal presgu;e differences, and degree
ey
1

of electron transfer, the number o s,p elec tLon: determine
strLLtu re. The ordcr in which such electron p1asos appear
‘as s, ‘v electron concentra+1on increases is bvc, Al5, c,,;-x

(3). Thus,_tﬂe phases in competition with 475 w*ll tvplca11y

be the bcc terminal solld soWuCLOn and the o Dnase. The 5.4P
(

}-—J

alec *ron'conéentration- ctrons pax atow) over whlch ese

pkqs s occur are (26):

e/a :’v=~pnase

1.0 - 1.5 bee
1.1 - 1.7 215
1.2 - 1.9 g I

]

Because of cons 1qcr3 ble fove lap in eléctron concedtratiOd

ranges, the other facto menti nad aoove NUbt be con51de

when comourlng StaOl*lt -or the Alo phase’ to that of gommetwng

pbasos.

Brewer (3,26) discussed several of the ‘factors importa nt
in understanding“stability of AlS relative to becc and o in
inﬁbrtr'nsiti01 méta1ﬂ systems. In Al5, distortion of the A
atom, pﬂrhaoo for sberlche“ cal reaSons,'allowsvbetter d
bonding than occurs in bee. fThiS:islespecially>true_in'the

first long Perlod, in the thir&»long’Period (56 metals) . d

‘orbitals are stOﬂCWV bondl in the bcc phase and little is
galn >d by di sLortwon - To afrive at the electron concentration
. range for Al5 stabil 1ty, Brewer assumed that the A metal
achieves ‘a ds conflguratLon. However, this may be tru“ on7v
for the Cf~Grdup'andeor'V and Mb, which seem to lize

"

Ti and Zr is probably fewer than fiv

0]
Q
Nl
b~

M

C
54 elements are favored as 8 components in Al5 because of
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in becce solid sol utlons ‘and ¢ phasés, The latter have Ffive
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bece to less than its maximum 2/a ratio.

Crystalloqraphic_ord-

e
tomperature stability of phases, bacause of its effect on

ntropy. It can’ also indicate types of bonding. Order is the
extent to which a particular type of site is filled by one
species of atom. lne usual Bragg-Williams order paramster

is. definsd as (r - )/( Fa), wvhere r_is the fraction of
A sites o =

ccuplea by ajatoms and Fé is th
in the phase. ‘Waterstrat and Van Reuth (15

meanlng,for'non—stoichiomﬁtric'AIS pnases, wni

as orderced as com5051+1on wwlL ano“- Moxe di

types of lattice sites and cccur over &

elements and raﬁge oF compositions (3,27), yet ma

correct elecpron concen ;ation. "Diso
5

de Hblllzp Al5 when 1ts COn

tituents are from G
4

s c
to one anOLner_(lS), ‘as sbown by existencs . of the AlS5 phassas

Mo 5_Tc5 ;s Vv 80352’ aﬂd V63 "377:.

Careful studies of .order (15), comgo sition (28), and

superconductivity (29) in such Al5 pnases led VWaterstrat and
r

co-workers to posrulabe relatvonabips between bonding, order,

and band structure. It was found (28) that oxder in Cf?ZOS“B
- Mg 2

ssible and was insensitive

was not as high as thaoce ically po
a

Lo “temperature. ey suggested th

--l

a
sacn type of site is controlled by the extent oi d-electron
overlap: Elements closest to the Mn-Crou; would have the
most d~orbitals aVailablé for bonding, allowiﬁgAi creased com—
' | 2

pl» xity in overlap and more mixing of the

Friedel band at-¢ ture mcdel for AlS phases (30,31

o}
(o]
e
o+
A

in ex olalnlng thi S_ideal:vln this m e a S
oeaks in tno'd ens 1ty of states, representing three bonding

sub-bands of tha d bana. 
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These three sue~b4nds are not clearly evident in the
density of states curve for V,Ga calculated by Mattheiss (32).
His band si aticns are supp

peak for the AlS ﬂehsity of states (36439 ele )
is foruphases ih_Which tha 8 element is a non- transition matal
and the upper (44-56 electron s/cﬂll) is for those with a
tion metal as B component- Calculatlons of tne'cdar e distri-
butions‘(32) 1nq1cateq tnat'unﬂ'auo s in V3C2 are aobut neutraiiv
but with considerable aimi"tnve of galllum E énd o and va nadium
d wave functions.  Wlth V3Co strong i n*erathoﬂs betw en over-
ldDOlng é bands were fouﬂd T hus,- Lhe enoroj ‘band stru ctuﬁes‘
for these types of AlS phdseb a?d conSLd sabl] dlLIereﬁL. |
The limitéd_mutua; solub ll;TGS of the EWO‘LYLES‘m gnt,oe.dua
to this. Nevitt (36) has interprete ed the immisc ibility as an
indicaﬁion'tha dlrLerenL ki nas'of»bonding exvst..v
The nature of bondlng in muta171c Lr>n51tlon nonbra,sjﬁioﬁr’
metal phases is a controver51al SubJECt:(37). 3rewer (23)
1ﬂLerpreted LIODQQ in atO“lZ Lion'oher¢fésvté indicate that-
VB'C N, and Sl co LrlbUL electrons to tng trann1t101 mﬂtal
allow1ng 1t to acnleve an electronvc connguratlon o‘ optimum
bondlng strength. Paullng (21) OLSCHSSQd elocfron transfer
between ”hyperelecpronlc and hypoelechOﬁlc meta;s. The
former occur to the rwgbt of the CQppe: Group and the latterx
-the left of the Vanadium'GrouD. .UnusualWV‘shor+_bond lengths
in 1nttrmetalllc pqases of these two groups wera‘taken'to in-f
dicate electron traﬁsfer from hyoecelect:Oﬂlc LO'hpr IECurOHlC
element. Since this~is opco**te to the direction of c“arge
transfer predicted from elechoneqaul lLV difference, the extra
stability indicated oy shortened oond lengths_was_ac ounted

for bY_the_eTactroneu**alwcy Drwnc1nle, - The views px sented'

above are supported by me band s;rubturm ca‘ﬁuTatioﬁ for TiC
e

(38,39);‘but_are'Cont

1

and

s
adicted by other calculations {40
experimental results (41,

)
42). Because of_the unc rtainti
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concerning bonding in these systems, it 1s perhaps hest £o
depand upon emplrlcal corrxelations for predictions of Al5
vhase océurr ence.
DFVELO PHMENT OF CRITERIA

Binary systems in which ALS phases have baen reported
(prio: to December 1971) are shown in Fig. 3, where 8 elements
are shown aé they appear in the Periodic Tabla. Each B
position is divided into 9 sub-cells, ones for each of the
elements wh ch occnoy A sites in the Alg la tt ca. (Because

no Al5 phabeb conualnlng HE have been ﬁeoovL d, each B com—
ponent is identified ln its lower left sub- COll) Where data
are from readily availaole sources'(27,43—47) an "X" is entered

7 —~

‘in the appr :iate sub-cell. If Al5 has b°91 reportad subse-

@ Qu
H-

cuonL to the compilations, a refer

ln

nce number is given.

are denoted with

-

pi
Phases which,. in the author's opinion need to be tfnfirmed
a "?". Some ambiguity surrounds other phass

not listed in Fig. 3. Cr30 (45) was reported but not confirmasd

(29). It was sugg eated that ? 3)r'was probably oxygen
stabilized (44). Uranium hydrides listed by Laves (13) as
Al5 were 01an by - dansen and Anderko (44) as‘simple:cubic and -

prlmltlve-cuolc (32~auoms per unlt.c 11) - Pearsbn'(43)

e
structure for thase U phases.

apparently does not accept the 215 s
The.phases~3b31ﬁ,,quBi, and Mo,Sn ars stabilized by bvg%
3

-h

pressure; the latter two hav»_boen ormed sol ely in’ this wav.

1

1

From Fig. 3 it can be seen that Lav obs ervablon (13) apou~

0
3

the positions of the A and 8 element

still valid.

in the Peflodlc Table is

The bar chart in Fig. 4 shows tbe.humber,of COnfirmed Al5
phases occurrlng Nltﬂln 0.04 wide ranges of R /R '(CO1dSCQWL6T
CﬁlZ). A radius ratio sli ghplv less tnan ona see ms to be
favored' tnp averagO'value is 0.987. . There are 26 phases which
occur patwesan. 0.52 aﬁd 1.00, while 22 are the range 1.00 to

in
_1,08; Togather, tnese account for 80% of ti

q ne 215 phases. Thus,
8% of the A radius.

a1y
Lo

Al5 is favored when the B radius is within
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We_now'examine'lattice parameter trends for evidence of
bonding type. ﬁhé data are shown in F n
version of one of Nevitt's figures (27), wheare
against the CN12 radius of B. Radii o
are given by arrows on the abscissa. I
why the existence'df’Several reported pnases.was questionad
especially'for V with In, Ti, Pb, and B o)
can be made from this figure. First, the assertion (28,56,57)
that Gold should ba ‘treated as a transition metal is in ea
case. bo;n out bj lattlce paranetexr tren nds. Second, the
lattlce contraction 15 g”eaber wh n B is a non- tranSLtwo“A »
element,,perhaps i_'lcaulve of a 1argyr ionic contribution £0 
bonding. A”hifdi in chafal 1nsLancos hg and Sn hdve qu”
effects CODSLSLGHL wxun trar51tvon me aLs, bspec1a11v Wth.Ti--
and zZr. Fourth,'the larcer 8 elements have prooortlonately .
less effect on ag than do tne othe rs' This may. be 2 ooniing
effect, or it may 1ndlcape'uhau an uppea x mit to é;
dl“*ancﬂ is being annvoacnvh._ nowever,:theré is

a
most of which deviate:

,pOb_Llon effect in these ph es, from -
the ideal 3:1 atomic ratio. re€1c;10n of \1 lattice para-

meter will be covered in a separate paper.

_ Composition'ranges feported for Al5 phases are given in
Figs. 6a-g*, Wth lines of constant electron concentration
sketched in for refn:envb. In gonﬂ_cases phase boundaries

were-not;determined in detail, sevaral others ‘the-authoers

M

assumad the phase_fo,occur at th idealAcomposition. In spite

of these uncertaint‘és,Atherﬂ are instances where phaSevboundariés
now an elﬂcbron concentrat+on efFect."This has previously been

oosekfed and commented upon for systems where B is a transition

metal, as rev1ewed Ln the previous ‘section. However, in man

cases B-rich boundaries in ncon-transition metal systems also

follow electron conéehtration.' This is rathéi surorising for.

the following reasons. In the valenéeibond approach, sFaowllfv

of Al5 arises from extra d—bonding, pre$umably argesly alonc

A—A chains,.madé available by atomic arrangements in. the structurse.

*In addition, the AlS

phase was detected (54) in W alloys con-
taining 13-45% Re.. ghese were formed by decomposition of the
hexafllorides at 5007C. dNo analysis for oxnvgen impucrity was.



not a transition metal, es

Al5 phase. To make up for th
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Any substitution of non-transition metals in these chains
would decrease d-bonding and destabilize the structurs.

l...l

u
Thus, B-rich boundarleg xould be controlled by the disordas:
n

inposed by oI ~aLo¢LQLpa trvc composition, while A-ric

boundaries would foliow electron concentraition. The fi

E)

g
show the opposite tendency, although the latter boundaries
follow electron concentration in soms transition metal s
The B«richvboundariés shown usually exist at high temp
where entropy or‘Anq ml\idg may serve to counteract the das-—

tabilization e;rect_dlscussea above .

The roLe OL vacaﬁc1as ln o‘— scovcn 2etric AlS5 phases

should be dlprbS d. Evidence suggests (2;15,29) that in

l.l.
n.
e
0]
3
()]
Mh
M
Q
d .
0
oy
°
0
.
0
=
)]
(t
{
v
Al
W

transition metal Al5 phases dev

foe
w

accommodated by adtomic substitution.~ Wnere the B element
S

i
(58-61), but a doFect structure is possiblé (62) in
treated amples. - In this case A atoms migrate to 8 sites,
made available by volatilization, leaving vaCanc1 s on A sites.

A few nontransition A15'phéseS’f b Al} VjGa,'and Cr_ S8i -

3 3
\can.havevmore than'ZSjat..% B element.  Tha avallable eVLdeﬁce
(61) suggestslthat'excess B goes into A sites. Thus, no va—_

cancies wvere assumed in calculacwona of elec trOﬂ concentration

used here

Anoth

0

r effect is shown by the replotted data in Figs. 72a-
The B elements chosen.ave those which form the most Al5 p
a

It takes less B to stabilize AL5 as A elements withi

l.:.
(D

go from 3d to Sd;” Sometimes both A- and 8- CLCH boundar
follow this trehd, although the latter do so most erongly;
According td the Engle-Brewer approach, 3d bce metals have
subsﬁantiallj less strength per d bond than do 5d. Thus, thz
former have relatively more electrons Oro*obad to s,§ orbitals.
The aoove ‘data are consistent with Brewer's contention:(3) that

d~mondinq s;rength is markedly increased for 3d& metals in the

it
Ial
o
0}

ultant depletion of s,p
ox b1+al>, more B element (i.e,, s,p electrons) must be add=d.

Of course, tqp comnoslplon shifts shown here could bse dua to



band structure effects. How=ver, knowledge of differencss in
band structure among AlS5 phases t
for such subtle eife

structure and occurrance of AlS

The raﬁge'in e/a (total electrons/atom outside a closed
shell) over which bcc occurs iclabout 3.5 to 0.5;'while AlS
occurs. from about 4.0 to 7.0. As can be sean fr '
both structures have two noarly COlnClQont_peakS in N(E) at ‘

.75 and 6.76 e/a. Thus, if SLablll ty is re l'ted to thess= -
peaks, judavuant about relatlve sLabllluy of kcc and AlS5 is
d1ELlcult- The Dand:sgrucLuro of o pnas es has not boen calcu—i

1aLed, althougq they occur in the ranao S 6 to. 7 7 O/a (3)

Tneru 15 a stvond corLelatlon bﬁtweﬁn occurrence ofAAl5*
and d“ngl+j of states ; as sbown in 1%Lg.f%- It appearéfthat AlS»
is favored at com0031tlons wnlch max1mlzm vfo) The gV1d uDOd'

in the hlsrocraﬂ corr@soonib to an increase of one in e/g of

.B (at .3:1 ratlo of. A-B} It ternary data mbrc‘lnclhdnd-~a
narrower grid would be mox aopronrlage.v'Pnasos wnlcb occu”>
belov 32 lOCtIOﬂS/C°1l axr ;l and Zr w1;n Hg and T . This -

" could bp due to a lover a electron COHCOHt“gETOH acnlevpd oy‘}'
7i. and Zr than for other A elemﬁnts, as postulaged by . Brewe;.ii
Another pos 1b111tj is tnau, with Ti apd Zr, Lne d. electvons '
in Hg and Ti partlc;pate‘ln bondlng, resulting in a hlgner
electron concentration than calculated here.' In genera l,A
however, ona can treat Fig. 8 as res?esenulng probability

of occurfence.of AlSIas a functlon.ofrelectron ‘concentration,

with maxima at 4.7 and 6 4 e/a.

Thermodynamic"faétbrs will now be examined. Only a
short dis cussion of pressuxre is required?®. . For transi tion
matals decreasing the Lnteratomlc'a15tance ravovs nhases which
can utilizé the_maximum nurmber of bonding a electronb (64),

because.d orbitals begin to overlap. Hence, for 3d and 4d

*For a more extended discussion see (63).
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highe st bond strength. (enthalpy

i
classify 40 Al5 phasas according to type of re

Formation Temperature Ratio (FTR

Stability of competing phases as omocra;urﬂ-inCreases

is determined by the balance betwaan enthalny and antropyr.
Structure |

ures with high entrepy, such as bece and ¢, are favorad
1

over AlS at high temperatures. - However, Al
transiti matals ~ are stable enough to melt congruent
Readily available phase diagram informati

on was used to
a

they form an Q/OY teﬂnorubure to which they are stable. A

By
9]
o
4]
®
r
0
®
@l
}_0
it
9]
9
(5
f
H
frdse
o
Q
i

with competing phases. FTR is definzd as: the maximum

D

(absolute) téﬂﬁerature at which Al5 is stable.divided by the

welghted me=an of the maximum temperatures for the cdmpeting

solid phases;; Flgure 9 illustrat s'calculation of FTR for the

case where Al5 forms perltecbmallyand-the'Comaeting vhases
malt congruently. Figure 10 presents the data and show's z

eriodic Table, except

Y

fairly even representation over the
for Group 6 non 'trapsition'elements. "The data are sumnarizad

in TWJle_i.' A furtl er ClaS:lLl tion reveals that over half

of these AlS5 pqases‘Lorm by a solid state reaction. It must

- be emphasized that ' these results, espscially relative

frequencies of~reaction types, do not hold for the totél_§o§h?
lation of Al5 phases}' In the author's view more data will
reveal.that the avérage TR is lower than its present 0.80

and that a higher proportion of Al3 phasés form by solid state
re ﬂtioﬁ. In fact, médy recently discove d AlS5. pPaS°S wa
found oy such relatlvv*y low temperature tccnn1du°s as solid

%

state diffusion (49),‘low temperapure anneallng of alloyvs (48}
the vapors. (51,32,5

high pressure (66,67) and condensation of
Bacause of inadequate data wmany such phases were not inciuded

in the above calculations.

S
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SUMMARY OF CRITERIA
Each of the factors - gesometrical, electrochemical, and
thermodynamic - plays a role in determining binary systeas

in which 215 occurs and the compesition and temperature at
t o

0

which 1t is

§

among these factors has not been att —empted, although scme work
u

c
toward this end has been done (9). The conclus r
presented as a procedure to determine the likelihood: of findin

al5.for a particular binary system.

First, the A elemonL is a Grouo 4, 5 or & transition
metal and the B elewﬁnt is fron Grouos_+o thé‘right,'up tb
Group 5A. Second, the tanuanﬂf of A elemenﬁsvﬁd form AlS
decreases aPproximaLely in the orderfv;‘Nb Cr, Ti, Mé,.Zr;
“Ta, W,‘Hf;_.”hirdv the size ratio RA/RB,(CUiZ):should be A
between 0.92 and 1.08. Figure 4 may be téken tb express the
'prooaollLt] of Al5 occurrence as a function of size ‘ratio. 7
Fourth, the most 1;kely comp031tlon'1s strongly affected by-' |
electron cdncentratioh."ﬁigurés 6 and 7 or those of Brewer (3)
may be used to determine thlq COmOOSlLlOﬂ by e/trgoo1ah1on from
known systems;_ Figufe g is an xor0551on of tne probgo1l1uy
of finding Al5 as a. funCtlon of e/a (exceni perhaps fox’ systens
w1th Ti apd Zr) and sh 0W'S the stvong correlaLTOQ bctween AlS
,occurrence anﬂ den51tj of states. Fifth, Al5 iillilikely form
'by a Olld staLe r@actxon- Pknally,.the anlﬂuu témpera
at whvch it vll1 form is ngen by an FTR < 0.80. FTIR is de-
fined 1n Fig. 9_ In many cases, this Leﬂosraturﬂ will be’ téo
far below the me1t+ng point for any Tethod save vapor deposi-
tion to be successful._ Fach blnary systeﬁ,hu:t be considered
1nd1v1dhally and all known data aboub its phase diagram should.

‘be taken Wnto acconnt.

BINARY SYSTEMS FAVORABLE FOR Al

;!

Perusal of Fig. 3‘rGVeals that there are over 150 binarv

1

svst ms Vhlcn could be examined in terms of the first criterion.
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v-Re Al5 should form at about 655 Re, at less than 700 “c.
Addition of small amounts of 0s would decrease the
vvrange of bcc (V) and loweL the ¢ eutectoid, favoring
peritectgldal formation of al5 from becec and ..
Mb-Re AL5 is favored to form peritectoidally frdm X
and bcc (Nb) at Lhe'equiatomic coﬁposition,lsince
.0 exists on;y'at-high‘temperatvre; The formation

temperature is probably belor:lZOO C

v

Mo-Re It has been found (68)»£hat AlSIMOSPt dissolves Ae'

to a’cdmposition of about Mo Re,,Pt 9at 1600°C and

that Re 1ncraases the *enaeragvre range of stability.

: T, O
However, occ was found in atc-20007C. Ex-

Mo. . Ra

' 70 730
,trabolatlon.glves.Als near~405_Re. The Wax1nuﬂ
temperature of formation would be below the (9 eLtoc—

tOld at 115 O C

Ta-Al The o phase is compositionally rather wide (20-36% A1)

b

.. . < o .
and probably Iforms perltectlcaliy-at 2100°C, while Dbc

{

'(Ta) is limited in composition. . Thus, Al5 probably

forms parltgct01da11y below lLOO C at. a composition be-

»

tween 13 and 18% BAl. The ex15t°nce (69) of a héxagonal

i-

]r.J'
F
Fh

oxygen stabilized phase in this region may make it &
cult to find AlS. ' '

-
2

8]
o)

Ta_Ga., has been reportaed to have the W_Si., tvpe
5 3 = 5 L&D
.structure, which is the structure competing with Al5

in systems of Mo, V, and Cr with Si and Ge. Cr

~B_—-tvpa
i 573 =P
has also b en rep ported (70); however, thase authors
found the WSSi? structure in an alloy with 25% Ga
g e .



L W-Ru

Zr—-Sb

The ¢ phase resorbs eutectoidally at ..

A body cenpered tetragonal phase,
'bpen renor;ed at 23 Sb.
bnlow 600 C. = |

ann=2aled at lOOOOC in a

gquartz tube.  Al5 is favored
at a composition of about 16% Ca.

s

Ru, while bcc (W) dissolves about 13% Ru. ~Thus, Al5
- is favored from 20-30% Ru and p L*ob forms paritec-

a
toidally‘frém.(w) and (Ru) belov ¢5

,The extxr aoolated comp031plon for AlS is at 176'SbL

Fe P Lyoe, has

Tha Ala phase probanly forn;_i 1 
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TASLE T . FORMATION REACTION AND TEMPERATURE RATIO
FOR FORTY AlS5 PHASES

REACTION TYPE . - NUMBER OF SYSTEMS =~ - AVERAGE FTR
Congruent melting . - 6 . . 0.91
'gPeritectic:iLi-‘ai: ?ff_ R ";;ﬁ-'“ﬂ»Vf 7 0.90

Peritectoidff’__?;:f5 : 1'_'fl

O
L
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=

Congrﬁent from'Solidi»'g _ .€;4 '_fff?3 ?1'v*_ { Qf69 



Fig.

ST

g

ig-

Fig.

Fig.

2
[

'Fig- 3.
A atoms.

- with a given A element.
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FICURE CAPTIONS

The cubic AlLS5 (Cr,Si-type) structure.

ad .

The A type sites (shadad) foxm three orthogonal chains
along the cube faces. B type sites are the bedy centare
cubic positions. : :

Ga as functions

}-

Density of states for bcc Nb and AlS VvV,

of electron concentration. Constructed from the calcu-
lations of Mattheiss (33,36). Above 4 =/a, the paaks
and valleys 1n N(E) are roughly coincident.

Occurrence of Blnarj Al5 pbaseb'ln the Periodic Table.
Seea text Ior e/pLanatlon. :

Nunber of‘conflrmed Al5 phases as a function of atomic

radius ratio (Goldschmidt CN12).

Lattice parameter of Al5 phases vs size of B atom
(after Nevitt (27)). For data, see references given for
‘Vertical arrows on abscissa give sizes of the

Composwtlon ranges reporued for bwnary AlS phases formed
2 The curved lines follow constan
e/a_and are for,ref rence only.

L.
[

Composwtlon canges reported for blnarv Al5 phasesﬂformed
with a given B element. Within a group of A elements
(e.g. V, Nb, Ta) less B is reguired to stabilize Al5 as
the Pe rlod nunber of the A element increases. :
Corresoor\denca betweon den51ty of states, N(B), and
numbar of Al5.phases as functions
The grid of two electrons/cell is equivalent to a change
of valence ifor the B element by one electron per atom
(at 3:1 st01cn1omeury) : .

Procedure for calculation of Formation Temperatures Ratio
(FTR) as a measure of the relative stabilities of com-
pating solid phases. The B phase is the Al5 phase.

Type of reaction by which AlS phase foxrms upon cooling
and Formation Temperature Ratio. -

of electron concentraglon.
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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