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The electrochemical factors may be approached from a
physical or a chemical pecint of view. From the former,
eisctron congentratlon ( er ¢f electrons per atom, per

band structure and o density of states at the Fermi surfaca
N{O). The Cteu_Cdl v1evp01nb relates electron concentration

to filling of bondinc orbitals by electron
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promotion from no: oonqlng to oon ng'valence.

s
either viewpoint tnore are ce rLaln types of phases in which -

~electron concgnt ration plajs a major role in stabilityv.
These are callad e¢eccron'compouhds, or wore properlv, elec-

Tne“wod nam;ﬁ pn amaterb to b@ disc cussed arQ\temparacure
and pressure. ‘In addl cion to-tlﬁ" ;'in ernal pressure will be
‘mentioned as a SDCOﬂdJTj factor 1 disc sion of the Engel-

Brewer_corre¢aLT0ﬂ‘: “Internal prDSSLre 1s tne,'

term used by
Brewer (3) for the solubility parameter ox " obesiv ensrgy
d@nsity” term 1n regulav SOIULLOO t1°0£y (8). It is the

oWal enarg 2% of.vaoocl7atlon lelded oy tha roWal vol e 5ﬁdt"
is a mvaub afc) of 1nLcLaal co"v51v9-Forces. Inte*nal Dvessure
_differences are uaed to calculate Lhe,non~elechonlc con-
tribution to_exc SS thermo ynamic functicns of mix ng and

solubility.limits of so1ut' s (3,8,9).

HISTORICAL PERSPECTIVE
Beta-tungsten was discovered in 1931 as (perhaps un-
"EOTtwndte*y) the prototype of the structure now designated

~AlS (onuﬁuurnorlgnc) or Cr,Si-type. Whereas in B-W the

3
lattice sites are all O”CUOled ov one species,>cohstituents-
of gln¢ry Alj phases prefer one or tHe othier of the types

voes
of sites shown in Fig. 1. See Pearson (70) for details con-

ﬂ)

cerning the al5 lattice. Kasper (11) pulﬁ; d out certain

gaometrical similarities a.opg he a-in {or y¥), o, AlS, g,

-
(s
and Laves phases. For o and Al 5 eructJ ally guite similar,



a particular species of atom has the sama ccoordination
in = St [n g structures have canains OF atams =2ionc whieh
2aCil. DO« cruccuraes fnave ains I acliis a&1long wihich
1% - 4 oy oy e « 9 Is a 1 T E ”5" A e P [ P
tiie interatomic spacing is aoscut 1LO9% shoriter tnan in the
pure elemant (12). This has besen interpretsd (13,14) +o
o + valent bo 1ine 19 trona a2l = he hains "
maan that covalent bonding 1s strong along the chains. It

left of the Mn Group and the B element alwavs in or i

right of the Group.

In the late_l95073vand early 19807's 2 numbeg\o: non—

k)

stoichiomatr AlS5 phases
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the B elemant were disc
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showved that<uhe.comnositiqn shift with i

number was similar to that in ¢ ol

“iPLlcr factors affect st » ‘

Groups 6-8 3d elements, it was shown (16-18) that‘numbéf of
+

electron vacancies in the 3d shell correlated with cow“051tion
1

limits better than did total number of electrens per atom
S

outside a closed shall. However, difficulties aroses in cde-
term;nlng number of electron vacancies for early 3d, 44, and
e Pt i

5d metals (12). The 's'equivalent

to‘sayinq that_the'extent of d sheil filling dsterminas phase
bounl ies. | |
In contrast, the Engel correlatioﬁ (20} sumeas that it
is the number of bonding s,p electrons which correlates with
crysta tructure. 7This concept, 2kin to Pauling's valencs
bon , 3 22,23,2

to predict phase bou;da;les in many intertransition matal
systems. . The procedure 1s to find the distribution betwesen 4

and s,p electrons which ‘results in nighest net bond ensryg:

184
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range for AlS5 stability, Brewer assumed that the A metal
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aid to achieve this distribution. (Althougﬂ
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transition metal systems (9,25) where d electrons
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electron transfer, the number of s,p elec

structure. The order in which such electron éhases'appear

as>s,p elect ron concanraFlon increases is byc,_AlS, q,ﬁ,lx

(3). Thus, the’ phasesiln competition with AL5 will typically
s

be the bcc terminal sblid o1uc10n anl tho‘c phase."The_

electron concentrations (ol@ctrona' ex atow) ‘over which these

phas occur aré (26): a‘K;r
e/a . phase
1.0 - 1.5 bee
1.1 - 1.7 AlS : N
1.2 - 1.9 g Tl

Because of con51qor3ble ovorWap in eléctroﬂ concenﬁratiOd

ranges, the oLher Iactors.menbwoped above pUDt be con51dered

when cbmparlng staolxity.éf the Ala opase to Lhat of pomoctlng

prSvo.

Brawer (3,26) discussed several of the factors important

in understanding stability of Al5 relative to bcc and ¢ in

inte“tvarsiti01 metal: systcms. In Al5, distortion of the a
atom, pﬂrhans for sterichemical reasons, allows battar a
bondkng than occurs in bee.. [This is espec1a1ly true in the

first long Per 10&; in the th ré long Period (Sd metals)_d

ek o¢ta1” are otonc7v bondlhg in the bce phase and little is

gained by distortion. To arrive at the electron concentration

o

achieaves a d~ conrlfuraulon. Ho owever, this may be tx
for the Cr-Group and for V. and Nb, which s

extra d-bonding most effectively (23). The configuration for

Ti and %r is prol

bably fQWer than'f

ive d electrons. The later

54 elements are favored as 8 components in Al5 because of



'Al5 will be favored where internal pressure differeancse limits

L)

Crystallographic order is an imgportant factdr in tha hi
'températufe stability of phases, becauss of its effec
tropy. It can also indicate types of bonding. Order is the
s

extent to which a partiCular type of

species of atodm. he usual Bragg-Williams order param=ter
is defined as —(r -F )/( -F ), where r_ is the fraction of

i
A sites occupied by a- atoms aud F_ isg
in the phase.. Waterstrat and Van Reuth (15) disc
meéning for non—stoiﬁhiomatric Al5 pnases,'whicn are usually
as ofdéred as composition w1ll ano . Mors disorder is found
in becc solid solutior 1S ‘and o ohasesf' Thé'lattef have Iivé

.Ljp“s of lattice sites and cccur ovavua;wige coﬁbiﬁationv
elements andvrange'o compositions (3,27}, yet mﬁﬂntain the
correct electronvconcontrggwo“.g Dlsorder does not seem to
destabilize \15 when its’ con stlthanfs'are:frbm‘Groups cléée

to one anotner,(lS), aS»shown by existenca . cf the AlS5 phases

Mo45Tc55f \ 80552’ aqd V63 _37f-‘

Careful studieé of»ordér (15), cdmﬁo itionj(28), and
SLoDrgonductiﬁity"(29)‘1n such Al5 phases led ﬂaters;ratAénd
co—workers'to postulate relatwononlos bytweeh bdnding, order,
 and_band sbructurv. _IL was fTound (28] that order i?,c?720523ﬁ

siti"e'

vas not as high as theo etically possible and was insen
to temperature. Tncy suggested that the mixture of atoms on
each type of Slte is controlled by the extent of d-electron

overlap: Elements closest to the Mn—Grbup would have the
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most déorbitals available for bond
pl xity in overl"p and more mixing £ the atoms. The Labbe-
Frledel band LrucLure mcdal for AlS phases (30,31) was used

-
L

in explaining this idea. n this model there are. thrse sharp
eaks in the dv“51ty of. stares, repYES°Pt ng three bonding

sub-bands of the d band.



s-=bands are not clearlv evident in the

density of states curve fox 3Ga calculated by Mattheiss (32).
1 ations are supported by X-rav emission

c
computexlfrom value$ given by Macheis~ (3
peak for the AlS5 de nulbj of states (30 30 electrons/unit call)
islfor'phasés in WH;CQ tne B element is a non transition matal
and the upper7(44*56_electrons/cell) is for those with a s
tion metal as B cdﬁponcnt- Ca]culations-of the charge distri-
buﬁioﬁs,(BA) lndlcﬁtyd that Lnﬁ‘abo s in V3C are about neutral
“but with cop51de“aolv. qnlxtuve of galllun s and p and vanadium

d Wave.functions.  WlTh V3Co stronq 11+efautLops be etween ovar-
lapping d. bands w;;evzound. _Thua,.Lhe eneroj baz? structures

for these types OL Al5 phases are conSLderablv dif ferent.

The limited rnutual solubilitieslothhe_two tipes might be due
to this. WNevitt (36) has interoréted the immiscibility as an

S
indication that. dlILeronL kinds ofrbonding exist.V”
The nature oF b01d1pg in m~ta171c tran31tlod ncﬂgragsitioﬁ
metal ohaseo is a con rroversial SuijCL (37) ' Brewav {(23)
inte rpreted Lronoa in atOWlZ’Llon onergvas to indicate thau»
B‘C ,N, and Si contrlbube elcccrons to_tne"tkang;b'on mvbal,_
_allow1ng it to achieve an electronvc conLiduration-of optimum
bonding strtngth.. Paullng (21) alscussed electron.transfer
between ‘"hypﬁre1ecbronlc abd'"hypoelectr0ﬂlc metals. The
former occur to the r1gbt of Lha Cooocr Group qnd the latter to
the left of the vanadium Group. Unusually short bond langths
in intermetallic pqases of these two groums'werc taken.to in--
dicate electron traﬂsrer from hyoecelect:Oﬂlc to hypoe léctronid-

element. Since this-is opposite to the direction of charge

0]
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rye
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transfer predicted from electronegativity differencs

N
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stability indicated'by’shorfened bond lengtns was 2

for by the. elecuroqeuuralvty orlnc1ole-_.The views. presear

3

n
above are supported by some band st rucLu*e calculaticns for TiC

“{(38,39), but are cont&adwc ed by other calculation {£40) and
experimental results (41,42). Because of tha uncertainties



concerning bonding in these systems, 1t 1s perhaps best to
depand upon enpirical corxelations for predictions of AlS
nhase occurrence.

Binary systems in which Al5 25 have beeﬂ ‘reported
(priox to December 1971) are shown in Fig. 3, where B elemants
are shown as they appear in the Periodic Tabla. Each B |
position is divided into 9 sub-cells, one for each of the
elements which occupy A sites in the Al5 lattice. (Because

no Al5 phases containing HEf have been rﬂported} each‘B com—

pcnent is identified in its lower 1e t sub-cell). Where data
are from readily available sources (27,43-47) an'"Y“ is enterad
“in the aopfopflatm sub-cell. If Al5 has pean r“DOItcd suooo—

quent to the compllatlons, a reference number is glvon.
Phases which, in the author's opinion, need to be ﬁfn;lrmedi
are dénoted with.a ”?”.'-SOﬂe a-sljuitv surrounds bL-ar phésé&f
not listed in Fig. 3. Cr. ;0(45) was repor

(29)."It_WaS Suggesfed tnat ﬁo32r Was prao _
stabilized (44). Uranium hydrides listed by Laées (l3)-as
AlS were given by Hansen and Anderko ) |

( s si
primitive cubic (32 atoms per unit cell): Pearsqn (43)

e}

apparently does not accept the Al5 structure
 The phases Nb In,'NbﬁBi, and Mo,Sn are'stabilized7by high
o

pressure; the latter. two havo been £

U
1]

From Fig. 3 lt can bv_seen that Laves' o} ervaLLOW (73) auou:
n

the positions of the A al’V‘x '8 elements in the Perlodlc Taol is

The,bar chart in Fig. 4 shows the numbor of conLlrmﬁd AlS
phases oééﬁrring within 0.04 wide ranges of R /RB-(GoldscnmiGt‘
CN12). A radius ratio gllg tly less than one seems to be
favored: the average value is 0.987. Tﬂofo are 26 phases which
occur between 0.92 and 1.00, while 22vare in the ra1~a_l.00 £0
1.08. Togetﬁef, theéé éccount foxr 80% of the 215 pHQSﬂs_" Thus,"

o

Al5 iz favored when the 8 radius is within 8% of the A radius.



e
bonding type. The data are shown in Fig. 5, an updated
version of one of Nevitt's figures (27), where a_ is pl
against the CN12 radius of B. Radii of the A com:
iven by arrows on the abscissa. t can easi
why thQ‘eXlSth 2 of several reported phas i
especialiy for V with In, Ti, Pb, and Bi. everal observations
can be made from this figure. First, the assertio (28 j
that Gold should beitreated as a transition matal is in each
-case born. out by lattite Darameterlfreﬁds; 'Second, the
"lattlce concLactlon 1s gx ~eater when B is a non- transitiOn  »
_e1nmenp, pernans i ndicative of a Targ;r 1on:ic coﬁtributio“ to
. bonding-. Thlrd ‘in several 1ns aHCﬁs bg and Sn hdve size
effectS'¢on51stent with tLansmtlon metals, espec1ally with i
and Zf"~FOur{h, the larcer B‘éleﬁents'havé‘PrdportionatelY'

less effect on a_ +nan do the ‘others. ill ‘may be a bonding
effect, or it may 1ndlcate tQaL an Lpper llnlt to tle A-R
distanﬂe_is being approached. HOWQver, there 1is

a
positio on efFect 1n these p rases, most of which deviate from

the ideal 3:1 atomic ratlo.“ Brediction o;fAlS lattice para-

meter will be. covered in a separate paper.

-Composition ranges reported for Al5 phases are given in
Figs. 6a-g*, with lines of constant electron concentration '
sketched in for reference. 1In some cases phase boundaries

were not determined in detaill, in several QbherSjtne~authors

i

aJJuu sl the phase to occur at.the ideal compesition. In spite

0]

of these uncertainties, there are instances where phase boundaries

“show an el@c;ron concentration effect. 'This“has praviousl been |

oa"e;ved and commented upon LO? systems wnere B is a transition
m

iu

e

n

=t

aetal, as rcv1owed in thﬂ prev;ous‘sectlon. However, in

jl

G

AL

5
(-\

S Berlcn boundaries in non-transition metal systems also

ollow electron concentration. This is rather surprising foxr

h

the'xoliovlng reasons. . In tns valeocu bonu aOO“onch, stability
of Al5 arise from extra d- bonﬁlng, presuwwoWV 1arga ly along

A-A cnalno, made available by atomic arcangemvhps in the structure

*In addition, the Al5 phase was detected (54) in W alloys con--
taining 13-45% Re. ghese wvere formad by comao:*tion of the
hexafltorides at 5007C. ©Ho analysis for oxvgsn impurity was



-10-
Any substitution of non-transition metals in these chains
would decrease d-bonding and destabilize the structe
Thus, B-rich boundaries would be controlled by the disordar
imposed by of'—-t01~q1om3 ric composition,vwhile A-rich

boundaries weuld follow electron conc

entration.  The fiqurss
show tne opposite tendency, although the latter boundaries

r
.EO¢10N electron concentration in some transition metal systenm
c 0

The B-rich boundaries shown usually exis:
where entropy of A--B mixing may serve to c

tabilization effect discussed above.

- The role of vacancies in off- s;o*cnretrlc AlS phases
should be discussed;'-Evidence'suggvoLs (2, 15,29) tha t in

transition metal Al5 phases deviations from stoichiometry are
accommodatea by atomic substitution. Where the B element is

not a transition metal, excess A usually ¢

0
0]
)

i sit
(58-061), but a defect structures is possible (62) in heat
i

treated samples. . In this cases A atoms migrate to B si

‘made available by volatilization, leaving vacancies on A sites. -

A few nontransition Al5 phases - Nb3Al, v,Ga, and ersi

can have.more than 25 at. % B element. The available evidence

(61) qugquts.that‘excﬁss B goes into A sites. Thus, no va-

cancies were assumed 1n calculat1ona of elocbron concen tration

usad here.

An nother effeétais show1 by thelreplotted data in Figs. 7
The B eleménis chosen.are those which form tha mqst Al5 phasa
It takes less B to stabilize Al> as A eleﬁents wi nin aberoup
go from 3d to-Sd;“ Some es both A- and B-rich boundaries

follow thlS trend, ‘althougﬁ th° lattexr’ do.so mqst strongly
Accordlng to the EngWe -Brewer dOpanCh, 3d bcc metals'have
ahustaﬂglallj less s;reann pe*'d bond than do 5d.  Thus, thez

former have relatively more electrons prcmoted to s,p orbital
3

The above data are consistent with Brewer's contention (

d-bonding strength is markedly 1ncreased for 3d metals in thsa

Al5 phase. To make up for the resu
rbitals, more B element (i.e., s,p electrons) must be addsd.

o=y
4

Of course, the composition shifts shown here could be dus to



band structure effects. Howzver, knowledges of d

and structure among AlS phases
e

i

or such subtle eff

structure and occurrance of Al

The raﬁge in e/a (LOLd electrons/aton outside a closed
shell) over which bcc occurs is about 3.5 to 6.5; while AlS
occurs from about 2.0 to 7.0.'.As can be se=n from i
both stractﬁrGS'haVe‘two nearly coincident peaks in N(E) at
4.75 and 6.76 e/a.“ inus, if stébility is related to thessa
peaks, judgewent a2bout relatlve SLab7llLy of DC” and ‘Al5 is
difficult. The band s;ruc;ure of @ pﬂasbs has not besen calcu~v

lated, lthouga ney obccur in the ra .ge 5.6 to" 7 7 a/a (:)

Tnere 1s a st*oﬂd corLelatlon batwean occurrence of AlS _
and J“naltj of s at“u, as shown in 1?lg.AS. It aop@aré/thdt A13_
is favored at comp051tlons wnlcb may1mlz° J’O) E The grid used
in the hlstogrgm correspon@: to an increase of one in e/a QI_‘.
.B (at 3'l'ratio of. A-B)'- If ternary data were included, a
"narrower grld would be more anpfonrlaue. Phases'which,occﬁr.
below 32 elcctronq/ccll are ll and Zr Wlu; Hg and Tl.' This_
'could b@ due to a lover d elactroq ‘concentr 1onjacLi
Ti. and Ar than for other A elements, as postulated by Brewei; ;
Another p0551b111tj is -that, with Ti and Zr, thé'djelectr ns
in Hg and T1 participate in bonding, resulting-in.a:higher‘
electron concentration than calculated hers. 1In gensral,.
however, one can‘treat'?iﬁ. P.as'renreseptino probab?liﬁy'

.of occurienc of AlS as a Functlon of elecc-on concequraplon,

with maxlma at 4 7 and 6 4 e/a,

Thecmocjnamlc ractors w1ll now be examined. Only a
short discussion ow pLeosure 1s required*. For transition
matals de crﬂaSTng the lﬂLQV tomic QLStaqcs Favo*s phases which
can utlllze the maximum number of bonding 4 e1ecLYona (6¢4),

because d or01bgls begln to overlap. Hence, for 3d and £d

*For a more extended discussion see (63).



‘matals ci Groups 4-6 pressure will stabilize ALS over bco.
Stability of competing phases as temperature increasss

.

1

Structures with high entropy, such as bcc andﬁc, arevfavorad
a

highast bond strengtn. (e

over Al5 at hLUb temper
transition metals - are stable epouch to malt congruen

Readily avallgola phase diagram info
c1a551fy 40 AlS phases éccording to type c

they form'and/of ﬁempgratn:e to whi h they arehstable, A
Formation Temperatu e Rati n
with competing phases. FTR .
(absolute) tempora ure at whl n AlS is staole.di4ided by the
welghted mean of the maxlan LexceratUrO“ fo '

‘solid phaoes.  Flghre 9 illustrat es calcula t‘on“of FT

case where - A13 forﬂs peritect: QalLyand-tLe comp : ng phases

malt congruently, Flgure 10 presents the data Qnd shows =

)

fairly even rﬂoresentablon ovexr the Periodic T“ole, S deiss

t

for Group 6 non t;apawtloq elements. The data are summarized
in Table I. A furLber ClaSQlLl cation reveals Lnat over half
of these AlS5 onasea ;orm by a solid state reacnion. It musc

be emohasized that'these results, esv=cially relative

_frcquﬂnc1es of reaﬂtlon types, do not hold for the total ?o;u-
lation of A15 phases. In tna'=aph0’ s view more data will ‘
reveal that the average FTR is lower than its present 0.80

~and that auhigher proportion of Al5 phases Iorm by solid state

reaction. In fact, many recehc1j dvacoverOd Al5 phases veare-
found by"such relatively low_temperaturs tecnnlques as solid
State_difquioﬁ (49),:low temperature annsaling of alloys {48}
high pressure (66, 67; and cohdensati01 of i 2

he vapors (51,53
Bacause of- 1nad°quaLL data many such p 1ases were not includsac

in the abova calcu‘“flona.
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SUMMARY OF CRITERIA-

Each of the factors —‘geometrica ; @lectrochemic
Lbolmodynamlc - plays a role in‘éeterminihg binary systams -
in whlch ALl5 occurs and the composition and téLpeer're at
which it is staole. A determlnaulon"of rel

amnong thesa factdrs has not.beén attempted, élthougn somevwbrk'
toward this énd has been done (9). The conclusions are o
presenued as a procedure to. deperane the llkell hood:of finding

Al5.forxr a part vcular blnary syuben. ;f

'First, tne A elemanL ls a Grouo 4 5, or & tran31ulon
motal and . Lbe B elemvnt is fron Grouos_+o Lhe rlg t, up to
GLoup 5A. Second the t@ndmnCy of A e7ementa,po LOEmIAIS,
vﬁdecreases approz¢na ly in the order v, Mo Cr, Ti, Mo, zr,
-Ta,‘W,_Hf'_ Tnlrd the 5146 ratio R (CN12) shou6§ -

A : _
between 0 92 and 1. 08.’ Figure 4 may be tanon‘uo EYUY ss thﬂn

be

p;ooablllty of AlS5 occucrence as a Lunbtlon of size :atlo~, R
Fourth, the most llkely cov0031uwon is - stronﬂlv affected by )
electron concentration. - 1guLes 6 and 7 ox those of B:ewer (3)
may be used to determine thlS com0051t10ﬁ by exn*aoo1atwon fr om,}
‘knowh systemg;’_Figure_S ;s:an_expr0551on of tne probaQWIWLy

of finding;AlS as a'funct' n of e/a (exceot perhaps foxr systems
w1th TL ard Zr) and sqows Lhe stvong correlation botween AWD

occurrence and den51tj of snates.- Flftﬂ, Al5 w1ll,*_ 2l form'

4
by a olld staue ‘reaction. FAnally, tne maximum temperatur
s

Al
D)

at which it w111 form is given by an FTR < 0.80. FTR i
fined in Fig. 9. In many caSes,'thisvtemperature will be toco
faxr below the melting pointvfor aﬁy-meth6d save vapbr deposi-
tion to be ouccessful.: Each blnary sy*teﬂ rust be considered
1nd1v1dually and all known aata abo its phase diagram should.

‘be taken into account.

BINARY SYSTEMS FAVORABLE FOR AlS

Perusal of Fig. 3 reveals that there are over 150 binary

systems which could be examined in teérms of the first criterion.
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vHere, only a Selecblon from the most prooqble candidates will be
mentioned. The Al5 phases predictad by Brewar (3)

be cdovered here. References 44-45 should ks consulted fo
phaseirelationships. All compositions axr

percent.

vV-Re AlS5 should form at about 65% Re, at.léss than 7OOQC.
Addition of small amounts of Os would decrease the
range of b¢¢ {V) and lower the G eutectoid, favoring
peritectoidal formation of Al5 from bec and g.
Nb-Re AlS5 ié favored to form peritectoidally from X
¢ (Nh) at the equlaLOwlc ﬁOIDOSlthﬁ, ‘since
xists only at high_temperature-g The LormaulohA

v

temperature is probably below l?OO C.

Mo-Re Tt has been found (68) that AlS5 lo Pt‘disso¥zes Re
to a composition of about Mo Re,,Ptgat 160
that Re 1ncr°a es the tewoeragbre rap"
However, occ_was found in Mo
 traoolétion givos AlS5 near 4 . The nax*muﬂ
temperature of formation wou o

toid at llbO C.

W the eutec%”

Ta-Al The ¢ phése is compositionally rather Qide.(2043§% A1)

A ' and probably forms peritecticaily at 21009C, while bce
(Ta) is limited in composition.. _Thus, Al5 probably
forms parltgct01da71y belov lLOO C a;va‘COTOOSlL_On ba-
tween 13 and 18% Al. The existence (69) of a hexagonal”
ox;gon St“Dlllzed phase in this region may make it &iffi-

cult to':lnd AlS,

Ta—-Ga TaSGa3 has been reportad

to
.structure; which is tHe structure comp
C

with Si and Ge. Cr

in systems oif Mo, V, and Cx 583*type
has also b=en reported (70); however, these authors
found the W.Si, structure in an alloy with 25% Ga

5773
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N
rr

.- O, . e s e
ann=zaled at 1000 °C in a quartz tube. Al5 is favored

at a composition of about 16% Ca.

. , | . .
W-Ru The ¢ phase resofbs eutectoidally at 1657 C énd £0%
Ru, wnhile bcc (W) dissolves about 133 R“; . Thus

E

téidally'frOm () and (Ru) below 1500°cC.

is favored from 20-30% Ru and probably forms paritec—-

Zr-Sb The extrapolated Composition'for'AlS is at 17% Sb-
A body Céhte;éd £etragonél.phase, Fe3P—type,-has |
been reported at 25% Sb. . The Al5 phase probably forms

below'SGOOC} o | ' ' |
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TASLE T . FORMATION REACTION AND TEMPERATURE RATIO

FOR FORTY Al5 PHASES

REACTION TYPE . NUMBER OF SYSTEMS =~ AVERAGE FTR

Congruent melting I S - B , g_: ’v"f; -0,91>
: Peritecticuii‘~j R 11 .'r -¢H' S ..0.90
_Peritectoid - - 19 . 0.71

" Congruent from'SQlid'A'f;.'f',4_:__ ,  7 0.69
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FIGURE CAPTIONS

Fig. 1. The cubic AlS5 (Cr,Si-type) structure. :
: Tha A type sites \Shud d) form three orthogonal chains
along the cube faces. B type sites are the bo ente

cubic positions. ' :

tad

b

WO
+
1XV]
¥

Density of states for bcc Nb and AlS V Ga as functions
of electron concentration. Constructed from the calcu-—
lations of Ma eiss (33,36). Above 4 =/a, the pesaks
and vallevs i (8) are roughly coincident.

¥Fig. 3. = Occurrence of Blnary Al5 pbasea in the Periodic Table.
' ' See text for efp¢anatlod. i

Fig. 4. = itumber ochonLlrmed AlS phases as a function of atomic
: ‘ radius ratio (CGoldschmidt CN12). :

Fig. 5. Lattice parameter of Al5 phasas vs size of B atom
' - (after WNevitt (27)). For data, see references given far
Fig. 3. - Vertical arrows on abscissa give sizes of the
A atoms. - e : S o
Fig. 6. Composition ranges reporued for b1nary Al5 phases formed
(a—qg) with a given A element. The curved lines follow constant
L e/a and are for reference only. ' ' '

Fig. 7. Composition ranges reported for binary Al5 phases formed
(a=-1) with a given B element. Within a group of A elements
' ' (e.g. V, Nb, Ta) less B is required to stebilize AlS as
the Period number of the A eleﬂent increases.

Fig. 8. Correspondence between density of sbatea, N(E), and :
"+ . number of Al5 . phases as functions of electron concentvaulon.-
The grid of two elactrons/cell is equivalent to a change >
of valence for the B element by one electron per atom '
{at 3:1 StOlCﬂlOWQLry) »

Fig. 9. Procedure for Calculation_df Formation Temperatura Ratio
(FTR) as a measure of the relative stabilities of com-
peting solid phases. The B phase,is the AlS phase,_

10. Type of reaction by which AlS phase form ns upon cooling

Fig. ]
and Formation Temperature Ratio.
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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, subcontractoers, 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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