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$ho dnorease in inborfacial contact in a powder tompact and tho much i
' ;;hqm disbancés to be covored before ii@sn@gézﬁaaﬁen is aehloveds

, : i

Intarmmuie &mzi;ﬁgmzcl E’om*t-bwn.

1£5 ab a wmmxui\rew 1o fmlx:‘mmm a bismotallic mcmpact : i
undergoes o reactlon in wiich gome gx'zaiﬂﬁi sxpand; thoy might bo §
exposted to Ao go by moving apaxb, rather than by deforningy thio "f
u,ncroasi 7 Bhe pmpurticm of yoids prauun‘b and caus.uw Lho ccmmct aB

a whole to ex,mmé; For this reasony posoibly, the'dilatometric tochnique
~hag boen mch favoured for the gtudy of a&.ntam'ing in gystems contalning
internediate phcisés.- | |

9

Eilb;mmeﬁrie meﬁhﬁiﬁ-‘:w

Rnuh and Pla m(’* 3) ht:WG mdea an exbensive dilotometeie iuveast::.-

'smi:- on of fdny b,mm:y“ sy ahenss ??hey c@“mlm}m‘ that o z'éemtion-baween

Bhe o mohnle, formlag an inbevvedlete oh Wiy conged o noayked ek in
tho dilatonetrdc cupves  Wherever possiblo they eorroladed tholr resulbs
with bhe phase diagrsn of the respoolbive pygtome In all cageg whers
dnterneteliie eonpound s?m*m-&iaﬂ tas Inddented by ‘uh@ phase ddagran an
abduph. oliange dn the dddatonetric cuxve was vaaardad-. On tho obhor hand
no discontimuivien wove observed in the dilabomotirie curyves of those
compaets cdomposed of two metals which were knowm not to form intermetallic
- compoundse  In éérwin aysteils Lo wiloh no phago dlagrans axisbed,
digconbimons ehangos wero obbained which indicated in a qualitative

nanner the existence of inbermodiate phagop lu these sypiende



;._\}?“ - N

‘mwaz imi Jm:*d:m(lf’) mvets ambiefi 'i:ilé g, mﬁaﬁm of cc:pper-gald
- allaya. Ab h:.gb twpamﬁum *'sh:l,a ‘ayeten: shoda. 2 &csmimauﬂ solid acluticn
:mzzga, b*»ﬁz‘t.e at lover he@mmm‘m wderea :La.uti%s BYQ . femad at and around
“bha mmpmii;.mm aar:;e pmaax,ngf 0 Guh Atx and Gua&m . m;at- B their
' :gnveam,gahizm Wag Hiads m Bl the md of }iwmv ﬁez::lm;lqum amd were will be
sald about thelr rogulbs in the socbion dealing with I=ray examinabion,
| but aone dildbonstuy wao dncludeds . They found o lavge expanoion,
o rexacmagg a4% &b ho ﬁmlwmmwn of Cua!m', ;m aghord, uau gzarwus:ca Tange,
. E *innc‘i a:i‘ bz.lr emsm@rmimz e Lhem Kw;:ﬁy :‘Msvlm ’&?vcv i‘tmt‘iﬂ wded that it
e markccl ﬁh:, f@**:mm Lo cﬁ‘ an m’ﬁﬂiﬁ&&%llﬂﬂmﬂ}j}M(%
Ta aams.cm D

} ‘,,,',f‘a(:x.a) }m:e; studisd the w:’z,rxter}.n of compacts
of ae;ape&* and nickely coppaer mcl #ine ; zma mp*:e:v wzd. ﬁin. In the coppers
mekel ayﬁtam wham, A intmédiate phams appcm*; o {snmll steady
é*wanamn tms ebﬁal,nad uz:» i‘.t:v a aezmairx i‘.czm,gmmtum? a:f‘wa which ghrinkapa
- was abmrved‘ 1111» wag vex‘y s:immr 0 the hnlmfimw of @ uninoballig
.eompa.e:t and indeud 'bh& au.mca .;o.c L!m alloy conld ho GQM}‘)R‘UQ&; ap';vmma.ma.%e}y
B ‘Ifrem those of i}ha s m*a;als. | ' -
dn tha aapparwmm aml aapparwtm syatms 3 rm thc obher hand;
\éwaamixmma e}qmn..smxla wmm'eﬁ i .Lew tempemtumm :.akinu the
| eopparwmw sya%;m a5 an examp}.ég Duyron e:xzalsﬂ nerl ‘almsa mmltgz in the
' 3‘{‘?}1&%@3&% manners.  $ines Ghe ;301%113112&3" of vopper dn zine lg gmll apd
C “thab of zing i coppor: lirge, the zine wikl Mi‘uﬂa inbo and dlesolve in
' the eopper and bhug cauﬁé. the copper o oxpands  Covities will be leofh

whore theve were graing of zine, bub ag the plasticity of the eopper




parbiclos g lov ab thege 'i:-ézngz@re;ﬁtmafg *iﬁ%éiéyu i}ml potein bthelr chaps
pnd expand by uim;iz‘ aemﬁﬁés itoviling a;g?a{r‘i% pobhor thap by defarming and
80 f.&lling 135{3 voides T wag thought thab when u}m zine aifrumed inbo
the i‘:@p};ﬁe}# an ﬁgnﬁmg;ﬁ:a‘tme‘a gompound mdght be mmm

i'{f da in&er'@“ ing bo maalil u}m absemalana of' Bubler ami
H@fwe who o‘imairieﬂ a dlaaoaﬁimmw mmfms.?.oa af* ahmg 6/ in copper~
nickal compactay no &wamma of thda king berdng oberved :m emzer of

| the puo maipa&a« . The 'ﬁc: @l gupansion obbpd nad by D;me ftbr this syoten

e ahoit 1‘1’% ; X?z;wc.-_i,z used o mtumlly gmdséz nmzdm*, swm'zll‘,r #300 meghe

| Iﬁmﬁ&i@* &m Hooxd, on the obher :lmml,:. uged a £.~a;e;lz':ly im&i'e:smﬂy plued powder of
. partiele s:!.zd nbout 4+ 5 nicvonge  his and pogeible dif P Porenaog in
é‘mpmt proparation ;:ai}@bazm* holds the koy o the aﬂ.ﬁ'femmé between

mt:,zar mﬂ Hodvely posulbe aud thoge of nogh oflier ohsovverse
 The pintoring of coppeY=giig 6o z{gﬁeba A besh *»erm{}ﬂy m*msti*
* wi:ed by (‘imra.tz, Gpallk dad Girang mm(.iﬁ) dping a mupbed of mebhodse In
. 'amii,r didatoneheie abudien they Lownd that o the. composition of %I::a
compath e varied fron B B0 507 Zu the wobal. exp amian increapcde
They algo ohserved thab inerensiog the pime of ’i;ii:ﬁ?""%ﬁiﬁﬁ pawder &@ﬁiwﬁw
~;f:i.?£3 megh hadl .1&:3%31@ &;{Z’i‘.‘z‘;ﬁiﬁs o ﬁ;é shope 0L bhe “aupve, wli‘:ﬁiti@ iﬁgréaﬁing
&ha gizo of the coppew ;mncle.e by tho mszz.a oot inorenged the discontin-
: :huau& Qﬁﬁ?&i’l&?i@mi‘Bmﬁi&@ra?ﬁ}fﬁ im;*&:*essm the cnmpwu ing- yragssm'a for X
pim& mi:imm of porders cmv sed Hhe Qﬁw@i’Wd mzm?ﬁ ion do fally du»a
B ss:lw %0 the dntrease iiii ghrengbh of the a@m&m@&a\ Hs:éweirei'g with a

compaghdng progeure of more. bhen 30 tons/dd + the expanalon gradually




CARe

rose agalie ‘lzxia, shey ‘euggentedy otvld bo dus bo in:é;f@asmﬁg gold
welddng ﬁsaaiiiﬁm@bmg ftermetalile compound formations  fhwougliout
 pons: different Hrlols the teperaturs ab which tho gudden espansion
gmm@a wemained m%mm‘bly caasta ni:sg.;‘s&hmzéﬁh 2% pome sllghtly vith
B »mmm:s@ An mgfpw 1‘1&3:* .m...em ﬂ;lﬁem ,;‘"'."‘ . | . _‘

T The okher nobhods uped by Yowat, Ovefl and Granston included

k3

cu (e nism:i. *thzqzvml anslyeley eloetrical vood a‘bw‘lhy s and an X=ray
© Sonent, &)
ghudy of the -p\i—mga_‘ pres ont. ab mw}.qz;;a, sbages off pintordngs AL 1666

T ulil bo ientioned da the Pollowing secbionse,

zﬁm:g *bma mﬁh@m Hemm Grodle and ﬁramﬁm, found that bhors
: tm.a a slmp e*ac;thms aimnge ab ﬁha Ao 'ﬁ(ﬁ?\ﬁﬁ%’ﬂ‘ﬁm as the disconbins
Aaous aupansion in gha :ﬁm’a@metrm :mvem{m ione  Thiw change
f"mereme& in mg%imdc; spom 100 o 508 Zne s v
i‘hay eomi.m}ecl Um qmm*biﬁiea as* f}'ﬂ inbeveotallio eompmmcl
(pha ;5 pms@) ware mrma:l i:m‘zlaw in mg' porpact within this ranse
of camp%i’b&.én- Iﬁ.; mﬁ alaa n%a:& that sinde Hho &enpamﬁure of the
e*cab%mmle @z?ngf:; w:srxfﬁaapméad ul:bi'* that navldng the baginning of the
.apmpt, m.zxammn in thaie &llkz.tomeswlﬁ btnd.asg ﬁl:ﬂ.a wpanpion ma‘h
ba r;}ma, parbiy Lo ?;eha indbial '*\m'mim of a qbeppe:;mz&m ecmym.
| | iﬁ:creaainr ‘i.xh@ mae off b%mh thie goppoy and tho zdne parbiclon
‘lleci prie] a laszsem,nq ;m in"tsmmlty anci brmqlemn{; of bhe changs until 4%
almost disa;gzpeamd@: A% the s@m@ time an endothermic change ak the

nmelbing point of sine agpmar@m The offeat of Varyi.ng the pige of




ide

tho ‘¢dppéi¥ ’@9—.:«.*5&@315.‘%35‘ wag grenber than that shown by varylug thoe else
ol Bhe ain‘x;:w" Incrensing the ‘u#;iis;zm;:"iz:ing‘ prassle ixm"xreasm the inkenglty
of iﬁle e muhcrmu change vp L0 a pregsurs of JE,} Lu.ua/...if’a ~ Above “ghie
‘m.f.ua uho lxﬂe@ﬂﬁlby ma uhzbubczsxbxai,.y cemtamn | '

;&rom ‘this and obher dnd ormabiony thoy postulated the wransier
oF .‘J.;.ne sheough hie mpeu? thage onbo the wp};‘(} pavtleles w ‘fa;;m,-aé

has beoh padd, the dutermotalliic rdmpound Gudie

Iietm;l},g,g;“;plﬁc Im‘&m&m

A pirdboer of aut*wra hisve dncluded mei. allographic studien in
sholr diaves f..;Lgaw.mm. Builer Bid Iig:.wq(lr?) and Bm*ms(lﬁ) have hoth
shown the development of ym'naihy dn gopper-nichkel specinens d&rirx(;
gsinboring by this technlaues o b0 »;zea nount of porosily o v be found
An pouden gompacte,y perbieularly dumpdiobely afber o reaction ;E,‘ci}rming
an in'&ex'z:'ze{i.zﬁlia c;)%;ipomzd;,. szz@'ballégi*&iﬁx‘i.@. prepavation and oxeminabion
- ean ho most dLEliculbe The ;,Lci@m‘sjifim‘i;ien of these inter-neballic
‘compounds in tho eaply stages is nob ‘mde capler ty bho fact thab they
é.::r»e to be fm;,iid ag thin ﬂ a5 O ':lni.c;l%xi;é‘cwg}gﬁs ab pointg of (_:Qntat;'b.'
botyaen diselnilay graingy  Thogo are o f'x,.msmlv difficuld to seo 4T thy
ﬁm’fa@ca x'acgtxﬂzf‘é:a ahelidng duo "iag' the QLT ey m wo:.d.mg 3%:11&111){7 at
the edgen of porese  Cronpton(l?) was able to show the propresys of
ainboring in copper=gine compaets by noballog ,véph‘ic Q}ﬁ~ﬁi‘i}ill€lﬁi{)ﬁg" No
ebehing being requirode Since igobropic and zaniﬁsatri}piq eryeuals can
bo diwtinguishied undor polarized light, the uss of this mobhod us

adyoeatsd by Motb ond Hainon(l8) would aliow speeimens fron certain



e

abhe? systoms to ho f}"zam&gmcl in bhe vnetehed gtoales

L6 woukd peeny vherafore; that by wplng the gorpect f%;@itﬁh&ﬁ;i;geag' :
ngballo wphg carn bm of upe I 8 tudying the Prograds. of aldoysainbening,
ab loash dhelng the laber glogasg vhon the pordeliy do ndd gzbpanely

bighy and bhe phagen predent ave falyly well develoneds,.

‘E—-Rf;v ﬂa‘&hﬁﬂm

X—«*ray cvys&allugraph..a wn?huﬁgzxea hwe onerally been used to
euplaia nore .ml Ly t)?;?g&?s??ﬁg%@l‘lﬁ% nade by oue of the previens methods
thoush 46 szmm be ga«maﬁimﬁé o sbudy tho complebe process of alloy=
ﬂin“tam*},ag ‘b;r Phils mathods

In thodxw iﬁmai}‘:&gg{mm OF 'izﬁc} sivtering of the ammar*galc}.
f“,fm,ps.ﬂ Dovtei ancl émsﬁqﬂ(lﬁ) ﬁsmd that 0 a wmm«?u Gontainiog .,; a‘ba?'
Tive] eﬁm a,marmmém e phatio ﬁuﬁu ;E*c::r“‘lzcd ab 315°%,  Thie ordered 133;1:."?.51:‘31 :
x‘arimnaﬁ m qnpamam Lol Lﬁabs:.’:‘.tsra mazh &"ne ‘cmi c’&zal acmp"m unml ths
order=-digordey tronsofvnablon mmpzammwe m‘ Gv’m had ’i:}am oY meaﬂa&.n
Aimra Ahig A mpwmm*ﬁ *nhca foegal sol:id Aiffupion pmcésﬁssw gradiually
,mﬁulmé u uhe., B mamr:m of a iwwgc,mmzs n,‘{ 14 sa:muwa of gold and
ouppeTe -

Rhines and G@;ﬁg&z{;@%} roporbad the f‘wmb:m m zmmeai.ate
p}.mﬁés An eoppererine and a;s:*:@z::e;@@;;n-::mmpmﬁfa .@xmx;gj ginterings.  JIna
QOppRAregine wzzzzémt' conbaining 30% fn healied o *&i&z‘i}% Phey idéntified

o« Laass ond @m M compaunds, S.maﬁ we hohaviowr wes obgerved. durdng
the b@nﬁm& of & &ﬂ‘f‘lﬁﬂ?*b&.ﬂ c;@mpaﬁ% ai.u gl uhﬁa PROCeRs vAY mopre

complicated owlng. i;g_'gha auEerIng ~:1§1ﬁ%§:;:’;“m@;étmﬁe phages i‘mzzzcl i this gysten,




16e

g hag tlready boen menbioned, Howat, Crail and Crvennton(16)
cloimed thet In bhe oopparezing ,;3;%;{3*&3@53 » 0Do dnbermotallic. compound wves
Townedy lodependent of the eampési’i}:i'c};;j Do AG‘Z» tﬁ:hﬂ/s Zne. . Fron
Kegay wlndic. they coneluded thab. thiy compound was the B phases
This compdund wep ohserved to form fired b l’m‘?ﬁ and morledy they said,

s

Hhe indb

S

iol ploge of loberisgs . This was obsewved o happon oven vhere
the o phase wowld he éxpected from o eonglderation of the equilibriun
dlogratle  In guch cagses, hovever, the o phaso, aad net begin o

form wikil almosh &1l bhe zinc hed huen tronsferned fuko the 3 phage.

il

L2

-
¥

tudies, uging Vaounn Boposilion Methiodd. - | .

Biness. dn the progont lavegtignblon use has bép;i rade ai‘&hﬁ.s
beehaiaue Ho propave gpeclnens, it ;'1&:-3‘ appropRigte o ecﬁ#wider 'i??_;l@v‘;i,,’??'gern
¥ @im*a denling with vacunn depoplbion end tho wosulbs 4o he Gl}fl‘:t&ii‘%?(‘i;

Ty b

T hag beon ghown by Wichel(R0) thob in corboin syshemn, piloys
are formed when Bhe vapours of the two mebale are cscessively deposited
o o cold Wivgeh (39%}-; C SLlveratin and pllsope-nine obe examples of

Chhie i:.ype; On the othor haud obher syebems, such go silversmignositn
and oppor=pold will nob glvd alloye under thege condiblongs.

Ihen ?eﬁ@l‘&ez.(gl) m;;orsl.séd' coppeyr and gold _simul%ammsly from
two Pilanonby onlo a povdes of mll&:ctgmz bargaboy aranged go thod the
comnoaktlon of‘ the deposlied Layer wonld change from copper Lo goldy.
he fouad that o wolid solubldn whe, formed.in which the paroneber varded

Cdin o coublmons marner with the compositions  Thio 3k o would be



s

axposbed of copperegold é.ﬁLi@if;z} Z0on i:onaidezﬁ*aﬁicm:bf Tho Gc}t&i}ibpium
Alaprone Qc#};ﬁi&s,&tmb and i:;ﬂ.{;hal(sﬁﬁa)' saxamimc'{ 'hlhé'.' éys‘s%.eia qiﬂmmmgmmium
Ly the seme nebhod and found thab the ﬁmﬁéua ;:tin“i‘;ermedif;ﬁa plﬁa,sa;: were
Formody dopeiding on the Ll;éﬁi;i}i(}l}j.ﬁg!?f the lmrgeﬁ- |
MichoL{23) eloo invegbigabed the structures of films obbained
by depositing vopper and alundniun vopouns on.baxgote of collodion or
yook-galte  Uhen the mebals were vapowized azzawaa:&v&{w only Bhe two
pure notals woro Pounds ivioweaérar; he eladmed thay by fszi.ﬁul“&agmam{s;l;f
.Wporizi_ﬂg vhe twa \m};‘aﬁ_{sﬁ,e&; alloys eould ba obboineds . Takohophl and
X f:um;(m} teide o Fadvly cmailed{ whudy of bhis aysten uging o nodi-
sficabion of U::.ehel‘ 3] rﬁ;atlm& and fﬂlﬁlﬂ vhat vhan a ¢old bargss was used

a mechanicol mxbu:m of the Hwo metals s obbained, ovon when the
:aé“aal:ﬁ 1»;&3:‘@ _ﬁgl;;nﬂl‘;baﬂemsiy porineds By aging .&ﬁz.mm- LenpernbuRe
0_35- ob an elevated 'beazziif!ﬁro‘istxz?a » o by Jdoposibing whe wapouw oabo &
hoated L@:rgeb internetollic ecmpounds. vere fovnadye Trom O Go »;.‘;»jS‘ :
Gr o polid soluibion of copper in almiﬁﬁ,ummﬁ -éﬁ_m phaso Bulils wore
ohaerveds. In cerbain q::agés the Cudls vas dn a noddfied foxite  Frin
607 to 100 G thoy ¢lained o have ohssrved o phage Mo ® bl ho
Gm’}i type of sturcture which s the bagle of the CuAl and Gughly phagos

wab vhich ig nob found in the egnilibrium dlagcoms - In sddition

this phose there appeared traces of Cubla, Ml Cughly oud Wliil‘fm}

dependlng on he composition of the £ilime-
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Hotrali, Craile and Cranston(16) 'hava JLo R uh,s, 1a-%ha coppor~

wdagt ;:sg}*ré%;m‘ one '3 nmme um&is 16 uc:mpmmd Fovms over . tﬂi&é}: ange of

- -:..mapz}s u ab & low tenperatures  This lg believed bo LB agsoslated
--'tmh m:a trangfer of wlai@ onbo bhe: coppsl rarbi ’iu.s,: bhmugh the vapour
___.p}. wges I3 vlew of *"Ucaf'a vomulss it was de@id@ﬂ Pl "invessrisigate abhor
.'3;1;;*;; vy ,Jyat.em 'fé{ii‘sfbéfjﬂ;mi.ﬁg‘;iii‘béwfim?xé‘-;i"&iﬁ& 'IJ}m;«ﬁéés ‘{'.s.@- 'ﬁiiﬁc@?er“ if thin ware
& g@ﬁaﬁﬁ,ph@umaﬁdz‘n " parbicn cwly, ik tap deslred o Inow 1f dnders
mmt@u e compound formation of this type would occur il pysbeng whers
the vapour prégsures of hobh webols vere low enough in ': 'bhe semperaturs
yange undew aunumew bion Lo pule Qu'ia the poeg 3333:“! Loy 0f one bolig

transtarred - theough the vapour phases | |

DiEfereutd thmwm mw: ip qafg chogen 0 o ﬁmifl.ﬁ cmv“mct “Fogp
she popsible cccurionce OF un..c:*.ﬁmwﬁ." e conpound | Loideti, mg ag b pocned
%o be :L:osa's influenced by exbrandous fastors such o the o apa r:>f caﬂﬁmppéd
ganes ohd axpengions o alig;@ti by unequal rates of i'xi*i;@?d:if:ﬁtgsioz.z, than s
dilabonatixie m;:mu.mh LON. | |

n Aovesblgatlon of the exyabailographic stmeiure of compachs
after ¥ r.?.mm sinbening twehlnenty would also be pads to confirm the
eogulbs Q?ﬁsaiheﬁ by, differshtial. thewmal aialysics

e dcsvu le of these fechnlques will bo déserlbed in the follaving

i

Choplers. R .
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BACIRIHANDAL T mu}m. .

Prape mu.i.cm m Qmﬂw ms.

The LGQ@C‘G us uued thronghoud; the dupordmental. work weve prepored
Seon’ wdaburos ¢f neballic pc;itrd&m having the sereen chapacteristics.
glhom. in Table Iv - (BaSs8e soveons hove boen ussd -hroughous this -

‘irl?ﬁﬁﬁiiga'&iqxg)@,’. R o

‘3&}33}33_ I&,_

b

b oetad | Powdew o ::‘;zgppmmr |- Sire
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w  pponoous res ulte were sb firal obbalued ﬁ\ﬁiﬁij&z “he cdpperwalmfmawn
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N
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Hydeogen belove nges  For copper the Lw,fmmum*a\xmg {‘»JQ"G *\am\.l far

iron 600°Cy  the vlme of reduction i’a:f: both 'ncisalfs \’i‘: edng d~B h‘-@ s,

Followed by cooling dn hydeogeis  he powdees Word \wﬁan Lep ina dry'
. . \“ N \

stmosphere wnbil veguived for usos “‘ : s

L a ;é?m‘sul“ia of e bresbnens m,wm,t s-‘inﬁeririg\ m. the 'z‘:waér;éa

book places ?m.gﬁlm L,u.n@ing mﬁ’zx o pegble and mcri:'w sepvod to break

down whe g *egmbass 8o im:zc,,c;l. Q,z. Gho =150 nesh pogdo}ﬁ\, appm:zimtely

QQ;‘?. u-s.zéa -200 me.zaia. 3.!.4@0 the pondern vere ea:.?.rm‘. wldy 1&00 nesh it ig
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FIG.IA; GENERAL VIEW OP THI APPARATUS

FOR DIFFERENTIAL THERMAL ANALYSIS.



RLe

compact normally belng 20 gngs although 30 gne compacts were necospavy in
thope sgysbemg conbalning bwo heavy mebals.. Afbor compactbion a small hole
w.g drilled sadialdly along bhe diameter fron 'tiles edge to the contre of the
eompacte | |

The 10 gue specinons for amcaling prior to X-ray anslyeis were
also presgsed at 50 tqns/ima Befom_ nge 'hlmy vore generally quartored g9
giving four aimilar sﬁeﬂiﬁnana from each cozz%;mc*i}. |

| | Spcaciméns to be uged for the vaotum eiepda:i.‘i}iom oxperinents wore

1e5 gns. in volght and weve t:@mpe;ici”sad at only 5 fben::—:/i.n”. to yleld ag open
and porous o compact as pogsibles It was argued thab entropped gases could
nore eagily be removed from guch alﬁecﬁ.ma?:zzs and isha.fb he motal Vapour world
penotrate imom dooplye. The gmall thickness allowed gquick heat transfer
ond enabled gteips from bthe é:mmpac*h 00 be used fow Xwray powder pliotogranhSe

T4 should be noted thab in the aou:r*ée o‘lfn.f«the_a present investi-
sgation, weight percentages huve normally boou ugod in veforving to the
écsmpcwsiﬁion of spocimonse  Thug, unless otherulsge ebatedy, all composibions

in this thesis ere plven in weight percenbapgege

Differential Thormal Analysis,

The dif;{‘ér@::xlsial anelysis curves wore obtalned by comparing
the rate of heabing of the begt gpeoimen and a gbandard of eimllor glze and
ghape in a Nichrome wound furnace &s Lo shoun in Tigelas

The mullite furnace bube wag sealed ab bobh ends by bight
Tisting rubbor bungay one of which was piercod by o shorb wide bore eoppor

tube leading to o Metrovac type O02B oil diffusion pump, backed by a
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FIG.IB: THE RRRANGEMENT OF THE THERMOCOUPLES IN THE
APPARATUS FOR DIFFERENTIAL THERMAL ANALYSIS.
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Me&rovzc type S.R.? rOuaxy’gquh Beffles just ingide the furnace tube
proventod any condensod motal vapours, loosé pouder, ebce 3 bolng carried
over into the diffuvsion puspe AL the oblior ond the théermocouple lends
vere caﬁried through tﬁa hung by brags rodge This bung was also pierced by
a gl?“ﬁ tube which was cmupled o o Pirand gauge or to a Meleod gaugos
E@fore use all jolnbs wove soalod with a solubion of Pyroxelin In emyl
acebabes  In this vay o progsure of Ghe order of 5 x 10™% mn, Hge could
normally be obbained up Ho and heyond the temperature of the heat evolubione
- | The alundum conbainer, Figedh, had a glot ewb in ench end to
carry the sbandard and tesb specimenss a small cover of alundum hoing
provided for each si&t. The tempwraturg of the containor wag neasured ab
a point midvay botween the %ﬁm slots by a:nhromelsalumel thernocouples The
gbondard wag o dige machined from copper; coppel boing uaed oR aacounﬁsaf
e felaﬁively high melbing point, it freeaom ?rorxyhnse ehanpeu and ite
élcw rate of change of spoeilic heat with %empefatmre. It was equlvalent
in éize w0 the larbest tegb speoimcua uged and po was consi&erably heavilor
than them, weighgng juav over 50 gma. aven uhcugh the pbondard weg sited
ag fay from the topb ppocimen asg poppible, bhere vas a bendaney for ilts
temperature Lo riae olightly durding o lovgoe OKOﬁhGEUAG heat evolubtlon in
bhe tegb spoclmons This bendency is Lfurther reduced by increasing the
velght of the sﬁand&rd ﬁpeéimen. Like the togh gpeginong 1% had a hole
drilled along o dlametor from the edge to the een%re‘ﬁo'taka one Jjunction

of the alumelwchromel-olumel dlffovontial thermocouples
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Tho cﬂiﬁ‘emnt;ial is'}:\ormcmoup:l.é loods woro uaken to a Tinsley
vornior pa uonmcuauam coupled with a G wﬁzm.dy gpot galvanometer, reading
to 0.01 nV. The furnace 'é;empemmré was moastred on & Gaiabridga portable
potontlonetor.

Readings on tle Gx"’erouuml bhermosouple wore tu’tmn evory
Ol 0V “i;empeaﬁa'mwe rige, while the furnade vas controlled o a heatlng rate

£ 209%/tine by o Veviac trapsformere  The heabing rato was allowed to slow
up %;Q v *”/E«f;j.m for the logl 1500° hefore an oxpeched heat. changs.

The raadings obuained avon the dii”i‘ renvilel thermocouple were
plotbed agalngb the tomperature of the containors With o congbant heabing
rate the d_;?_.i‘;’:{‘m?mﬁ‘,ial the ‘*mc;dmipla ;L;:i-:muld read zero or some obhee steady

valtie b in practice a gmall anount of di‘ii"b ip sometines obbalnods
Hmmror; if a roagblon cecuis in. bhe togh spevimen, oivhoy ondo= or oxo=
}Jlserme 'y E,ho differentlal couple will ahow the temperature ALEE Orence
‘-bﬁzwaoﬂ the s‘h:-mc.arﬁ- ol '_bos'ﬁ specimense . Thoe atandand gpecluen ghould bhe
riihiicl:) bea by the heat change if a tyuo poading is '&é bo obbeineds Phip
is provided fow in 1;11@ pogibloning of the specimens in the alundum conbainer
and by bhe relablvely lorge mags of the copper standards

The general Lorm of the graph which 1o obtained is ghoim in

E’i{;vo.}%,' which 4llustratos bhe streight. indblal porbion and an exobhormie
reselblon ab & couged by the metal powders reacblng to form an intormotallic

compounds  Ap o rule it ig found that thip roadbion ocourg over a very
smpll tewperature range, indicabing that the alundum container and the

wplr:or standerd are .llttle affedbod by the heat evolubion in the tesh




F|G3, general view of THE APPARATUS
FOR* VACUUM DEPOSITION.
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spea:_bnem For thip weagon Lb is holieved that the maximm differentiol
uhormocmzplca ;*eadmr* can e taken ap a rqlinhble measwre of the magnitude of
the heal. changes At a hipghor temperatireg abt By there con be seon a gmall
endothermle chonge gueh ag thot cavsed by the melding of & motal which han

been prosont dn axeedse

Va.cumn Bamsz.bian. \ ‘

4 Igs. tllia mcaﬁm;a a metal io heabed in vaeutm Lntz.l it cWapora’soa
and the vapour condensed in the form of o ‘bh:m £1m on a apecially prapared
torgote A general Wiow of the appé::ramé which was used G'lm ba goon in Fig.3.
.t‘hc pl,np:e.ng syaten compmsczcl a Motvovae type 03B o.f,l thj‘uul.cm mmp and o
Mcawema type PRL rob rg 3aump. A baffle velve was muemmad bcatuaan the
bell aar and tho dj 1&1&4.011 pumn ho nllow t'.h@ yacuun in the ’Emll ;mr ﬁo ha
brolon wibhout the neceasity of simtmng oi‘:ﬁ' the diffusion pumpe Togh | |
sgecimetm could bo removed from a_xid inbroduced to 'bhg holl jor ap often ng
necégsmm' begausge of the arrang gerent of a by-paps J.s.nc: smcl valve enabling
the bell to be evacuatod d;m:cm by btho robary pumpe The be:f;‘i’;‘;l@ valve
cémec:ting; the diffusion punp was ap@nad dnly wvhen the vacuun in the bell
had macsheé a :me ‘&alue.

'_I‘iw controls i’cr bhe valvoes between the mm:qy' pump and bthe
d;ifi‘usion pump and on the by-pags Line to 4&119 bell jar are seen on the
right side of the unity the can&z?o,l.i‘ar the baiflo Wive bam{g at the top

cenbro of the fyronb panel in F:Lg. Se




Fig. 4; peTrRIUO view oF THE APPARATUS
FOR VACUUM DEPOSITION.



The pregsuce in the boll ves moa; sived by o Pivanl gouge which
Was calibretod and chooked by & Meleod gatges.  The pi.'*@éiﬁt&ea voached hefore
evaporablonvas -commonced was generally 1070 e Hge and was aluays Lose
then 10™ e

) - fhe metal to be evepdrated was pleced on s tungsten £ilement
held botwesn copper buaw=bayrs ghove the dontre of the bage plako ag can be
geoh dn I";?.g.'ﬂ‘.-i-, w}.’a.ich gives n detalled viey aftber the bhelle-jar has been
| 'x;amovad. L4 was found ‘i;l’i::ri“a the most gultable type of f£ilament was one
compoged of o avmber of strandg of % mre WirQ, bound together Ly very fine
Wirce

A ghont wide mc)ml eylinder va:a q.m*:mnc ‘iu‘e:;%:. %mder the filenent

o px'cimab bhe ..navlated i:em,.l.mls from mam.l mpmw In addition, &
tias found neceusdry o place a glass sylinden (.amL ghown, in Lhca I’Lsum)
round each of the torminals supplying curvent w the target hcmwr ,' ag
shorbing ;*esul‘hec‘; fmm the formation of **lm slightagt mebtal filn -t:ig.z 'bhez
izmula‘bm "i‘hlisz rigk wag considerably smaller wi‘i}h. the terainals ﬁtpplyiug

surrent Ho the £ilament alnee they had only 12 volis applied to them. The
winding of bho Largeb hoabor vas also protected from the wmobal vapour Ly a
gl’mﬁ:ﬂ.

- The targeb; s compach wvhoge preporotion hm glready hdon
dagerdbod, was pupported by tlwee arng ob o polnd 233 inge abiove the f:?.l:amenfb
One of those armg wag a ci’wozxxoi-a”i.unal therrocouple encloged in a sheabhs
Since the borgeb z*es@md ory the actual junction of ‘e';,hca vhernooouple, a

reliable meaoure of the & emporatire of the undergurface of the Lorget wap
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obtained. The target could be raised to aqy tesqperature In the range
0-500% by heat radiated from the spiral windings of a small flat furnace
arranged just above the target and supported on the same arms. The current
passing through the windings Is controlled by a varlac transformer. In
Flg.4| this heater Is shown sitting on Its side on the Aromework of the
target support#  The guard for the undersurface of the heater can also be
seen surrounding the specimen#

When the heater was not In use there was little rise In tenqper-
latiare of the specimen during deposition of the metal vapour# In 20 sec#
the normal time of deposition, the temperature as recorded by the thermocouple
under the specimen and thus subject to radiation from the filament rose by
about 20 *G. However, a thermocouple placed above the specimen showed no
Increase In this time. A similar rise was found even idien the target
was heated to a given temperature by the smeCLl flat fUmace.

In the experiments with copper and aluminium the copper target
was a 1.5 ffji* cocpact, 0.3 mm tiilck, and a layer of aluminium OCH an.

thick was deposited after 20 secs, vaporlsatlcnu

X-Ray CrystallOfTraphlo Analysis.

(a) Partially sintered compacts.

The ooocaoto, covering a range of compositions in any one system,
were heated for the same length of time at a series of oonstant teoperatures.
Similar tests were made with different sintering times# Normally Areeh

ppecloens were used for every experiment, though occasionally specimens

sintered at one tezoperature were subsequently sintered at higher tesperatures.
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© The pintering wag earelaed out in a two inell muliite tube in
Cg Nichrone wound furnacees . The ‘-i‘m*mt;‘e w"aa -gonbtrelied by a Kolvin~luches
'aanb;mllar inconjunction with a Vaiiae' trapsformar; plving an acouracy of
& 20 ®y  The tube ms; ormuimmuﬁ.ly oveieuabod by an Wuards Iwc pump 1o
o presguro of 10™® mme lige |

&f:i;er g,in'bex'.mg 'Eshea mquun an x‘o&e‘xseﬂ 5111(1 ﬁhe speemeas
quickly quenched in mtar. | _'1’;@ sgri:‘aea 1«s,yer ware rernmved from the speei~
.;méxw with a very i:‘;z.ne fxla; ,_ éfter which the filings wore collected and
ijzzsfasecl thrcmgﬁ o 200 B. Pee :Léve. _ The X~ray apeaimeﬂsv vere made by '
pacl::?;ng bhig i:iqv_rde::' into o Vitreosil tube of a;ﬁpm»;imutely Oe3 nime borae
' A’I'he. spaeimenzﬁés then moimter% in a 9 em'.' Un:i.cam pm:dc-‘v eamera and fivtod to
a Newrbon Victar Reymt: unil of ﬁhe ro*batinﬁ anode *b;nae. Generally coppor
* radiotions f:.luaracl threufrh n.t.(i}».(..l was us ;eclg, bt ;tl‘or systems containing
imn, aaml"d :cuxd:’x.-rbicn wag usedy mm an mon mlﬁw.

Hebals nncl .mbemadi@te phumea were penerally idenmmed by ‘
| COHP‘RI‘-LI’J.%' %lm alaserved lines with the 1i$“b of interplanay Spa_u;ings gontalned
in the AeSeTels Cord Indewe S:gnc;:-: “true Angstron units have been uged
throughous thise iﬂ#eaﬁigé‘c-ion 0 oxpross in{mrplamz? s;;a,m!.z}gg and &wamet@m §
% wan naceRsary Lo mtzl‘h.:ip;ly the valuos An the Card Iixdc‘a;c by a faze*ﬁi;lti,‘df
| 1.00?9? to cprmeh whc,. wavoloength ;ln tha Smwb‘ﬂm ablea.

?he in"basz.’am&; of the lima in, x’:hez—nu cards are given as o
'fmctmn of “uhe intensi*by of uha aumngrasu 3.1:1:3 (I{I& h tmm intengity

(1.1) heim baken ag unitye Tho intemsitiaa of the J.i*ws abservecl in thig

inves'tigamozz ars v:x.sua.!..ty eabimabeds  Sinco the angle ab which any line
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_appeurs 'i.s ch.f’%mnt wl i:ii ac.‘)ppoi' or eob:—r lﬁ r'tdia‘i:.ian fron 'i;l;t;'i}?tiji; whiech 1b
v_roull a;::pear wioh ollL mol:,rbdavmm rad,.atmn uc:ed for many o tﬂjstamees in the
Gard Izadax $he palam inw ikm Lox ulll bta xwmh, 5o alwfmu the -
;?.ntens:‘vﬁsy of the lince DJ. i‘erencea in me source of thea specman\and in
iﬁd ﬁrcapamul.on mn a.Lsc *u:bor Um reltwwa .e.nbe.s_mmies of blm lmcu,.-

."l:u many gacses rmgles mﬁ‘ imermawllic, compaunﬁrs were proporad
b;y fusion in o high f‘*ecmency :inauc'hion mrmca, in ardor 0 glvo satandarus
aguimzb uh:t.clt i J.mr*s cram pax bielly mnwreﬂ ccapact cowld bo comparbde.

4‘&1 adﬂ:. tlon, the pxmneﬁere oi‘ mcsst OF the inhmwaallm eompamadr* i‘oum

vera ovalua ..tula using Nolgon tmﬂ 1{5.3.ey:3 mnat.:.on(? 5) to c,mrapolato vz

wlue of age

N . SRS

() 5pc:csmena Lrom. vaguun, dem::si L:t.on emwimntm.

tUhén tho ﬁargat lmd been renoved from uhO beu-dar a NArrew

: aux'in of c:rc;aas-*accuiqn Qsd m 0.6 nm. vag cub fron & by ._mt munted in the

- Bame 9 en. U*zlmm (:Lmarq. o befdre- Gn aceount of i'zhe i’alrly lqrf“e CTrUDE-
.'secmwml az:'ea of “Lha baao mcaﬁml, bhe i,:.uea gcmera.wd by it uere Yery broad
in tho xfegqlting £ilue - ‘I‘In, mount of ixlckf?rounc “soatber wou also consider~
.ga})ly above tho normale Howcmr 15.11@9 re*mlumm from the avapomted

i‘:t.llm woro fine, due poss;b:l;y to the mﬁll ewoss-sac‘owml aren of thig
filne | In cer’mm casos pr.lcr to X-ray ca'm*umm.on the ‘whola target

or a pﬂr» oi'.’ .Lt was sub,jwta@. i:o a permc:i m’* ,immlmg in tm fornace

descrj Iaed .m ﬁm px'ecea.f.ng fsca'blon.
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DRI R,

QOPPERL-ZTIE.

- The work of Hoﬁé:rhg Cralle and Gmmsﬁen(iﬁ) hag already been
yoferred Yo in an eavilior Choplore ﬁa a ragult of their comprehensive
invesﬁigaﬁien into bhe pintering of compressed coppeor and sine @cuﬁerg thay
coneluded that the flret compound to fori lg Cu Zn, the 8 phases This
compound hag & body centrod cuble crystal pirtcture, géxﬁi‘emingg to the
Slectron Qamen%mt:im Bule formulated by ﬁ&n@*ﬁt&‘i‘ﬁi@ﬁ?‘w _

In the courge of %ha prosent zuvaqtﬁﬂvtian} Qxyerimenza ere

mam on t»he s.lnt@rim of aepmr-zine conpaets ug;ixarf mae dii“wmntlal thermal
analyeis *beeilmcmm '

Differontlal thermal ansdysis of coppar-zine ;@aﬁ@aetg.”

Compogition Gm*rm;mxx&mg § Gmpaabin{, Reocbion | Mognitude of
| G 45 Compounds. ; I’re,asure Temporaiure | exobhermic
. \ ‘b/ “Ca. climge Ve
5% 46 |  Cufn g | 10 - 297 19
¢ 46 [ caz . 28 240 % j
| n : ’ {
54 -3:6-! $a311.~;- 50 3 212 . 25
89 61 | . Cwiw | 80 200 38
e " |
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°C
10 20 30 40 50 60 70 80 90
1100 I 1 2000
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L e
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Fia. 5
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The regulbs obbained dre gﬂ“ivsm in Table II. As will be geen they confirm
Howat, Craik and Gafamétan}s i‘:indisﬁgé -'eénm@;tfniiig the effect of compacting
_'pi;eé:Sui*a on she obgervad l:umt changas Tm;«,r also show that Yho mgniwde
of the uixang,e: ;E*ald.{:; vhen bhe aan‘uiz:.m wion of the c:ommcrh iv &Ltered frm
e”ﬂ? B ﬁjj éﬁg datey fron uhe ccarapmsﬂ.hmn earraspcndlnw "t’:eca Gu?n %o Sk
am*reszmn&,z,nﬁ grlo] Guﬁ 31@, (m .o). | Thi.s .i.::* in p»@ﬁﬁf@il@@ ‘U.i.uh thca eamluslon
2 Wb buZu ig i»ha :ﬁ'.z,:;-s'ie acwmnmmd 'ﬁo f@l‘!ﬁa

Xn v.mtf m mmez in*‘caearagétm;g ra:::suZ fsa .s:t; ag. decmed ise duvesti~
;g'?.hc he syﬁt@m mgkcslwéma wlmeh cmxbalﬁm slml*w alec%mn commmmﬂu o

cﬁppéx‘"‘zlm}.

NIGKRESZING

In thig qyama, while the p phage sindlerly Lorns by 2 -*ae:;ﬁt:eetic
:v:mctmu, u}m Y phagey Nipin% hag e congruent nelbing peink, unlilk & :.ta
analogue in the avstem coppor=zing as cah bm seen in FMees(27)e.  Ab i’ifik«“};__
tzm spabures the a*‘*mettema of the: a:}meagamﬂmkg cmpcmm ara- ﬂlﬂllﬁrg

’i:.hm th bhc:a e pi.zme bmxzm orme. bo. & tabmg;mm :Bw‘aetum ab wmpemtm*ep
'lmlm: 8(}0‘3(}. and a ;ac;iJ.cl sbabo Eimmai‘wmtim hqzs heon rcmartéd over part
Qf the empmmbmn rz:,::\){a of tho ?thasa. ‘ o

A ﬂ@&.‘im c}f clifii‘omn‘h_al thormol. m&ly 8 aﬁzi:ariiﬁmﬁs gave thoe
ﬁésulﬁs éi;erm :in mbl& Lile 1‘&1@ ﬁempemﬁurea a‘i} which bhe reée‘&im oeourg
is iaigbm' i;han blmiz m the cwim & :*.fstmm s he ing in the mig*hbmrima& of
300, The :;maima ;maw ew.‘}m;i@n t}cmm*ﬁ in *;;ha caom;aa.et emiminingg vy

Zn, covresponding b0 the compound NisZigs »
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l)ifforomml Thormal Analyms* oi‘ Ns.ckel-?;im Gonpoct:s.

PRI NERE _ TN I SR . O B
» Ve " '

‘Co_mpositiqn 1 Corvomponding |- Rmﬁﬁi§n 1 Magnitude of
Wi In - Compound Temperature Trothermic
.o - Change Ce
7 26 SN 295 36
oo o . - R P ‘ - 1
46 & 1 NiZn : 288 . 266
23 v | igtng, 305 | 346
10 % 18 306 63

This resulb is nob analogons to thot obtained with the coppere
zloe system where the B .compound wag formeds H:Q;an i, hmmver,
glven ag anobher empound oha;‘g}ing the Blectron Coneentrat wn Rula, its |
'*tmcuum boelng that -of v ?.Mfs.s.

| Singoe b swmd pc: mbla %ha{:. Fhero ﬂ.i.ghL ha *aemta mctor
connocted trlth tha mugmenb mc:lb,a.n{' p@lni; i.n N:zs ?rm uhmh mduoed nhis
phagse bto forn i’.u: “i:? it v«w decldcd 1o a.ixmmmgwe a s;ystem coa’m:r.mn{; a
caﬁpmmcl with o oongmacm meliiag pc):inb which i smbm B0« high beuper-

LU

COPPER-ALUMINIUM,
Thig systen was chogon ap the @ end -y phases have high meltdng
points and occcur ab th.a valuegn of /‘ey’a inciiaa‘i;esl _by the Fleotron Goncentra~

sbion Rulos The slructuros of those two compounds arey ag one might

~



At % Al
70

90

/00

,",Cc 0 20 30 40 SO 60 A €0
° u“”‘ﬂd_iq
mj B Xelig
1000 — P+ Li
) Lig
8 958° |
wtf 7 J':”,ef
900 —3= =€tLig
8 €
i‘f sz f Liguid
800 ] 2t €2
1 e % :
E‘?fl.iq
200}— o LANY 686°
+ 2 J’E? \
?2 4
624*
L AL M Ligl 591° : = _
600 & =) ',“ ] | : . K Llg
Js5° y ; --f-.”:&’. s’ ¥ "L‘.' } ‘ . i,‘ﬁ.‘ .3
ST T 70| . , P
500 ’) = X
af‘)’z f) _{’ 7.+ 8 -~ ! \
: i
s {1n o
t 400 3 1 -
3 \
Joo
. .
200 . i e
0 /0 20 30 40 S0 60 .70 80 . 90
Wt % Al : :

FlG.?: COPPER - ALUMINIUM EQUILIBRIUM DiRGRAM.



]

HE .

i

F‘I’l‘
YSTENM

%1

i
oON: o
N

1

B ST
b
|
'
-
’

MPOS|

¢
i

SR WV WSAN SN SO
.iC0 1
~ ALUMINIUN .

en

'
i

i

HE: |
g

TH

'
1

| coPP

.
,'!'H
!

N_OF T
i
THE

3
TRl

N THE

on

PRy N S el

I ORI SN .

Q
e
w

Vaslario
T

i
R
|
i

A

;
. .-:._.
i




32,

expaot; siniler to thode of tne.aza:':t:!&mus gompounds in the provicus two
gystenste Ao can be seen i‘rm E‘ig;?(éa)-g the 3 phago CugAl hag o
‘congruont moltdng polnt and in fagt hag the highet nolbing podnt of all
It might therefors bo thought,

from tho vesults of t%;e previous two oystens that CusAl should be formed

$he inbornetollic éompmm‘dé in the systen.

fivot c‘ming the winterimg o€ coppor and aluminiun,

DLE farevam;‘. Thaml Ana]g_sim

‘ ﬂam\rar, ag can bo geen from Table IV $ho maximtm heat change
observed dn differential thermal aﬁalyais oceurs in o ﬁpécsimen oontedning
a7 Al eéﬁi'espan&iﬁtﬁ £ supl(7 )« This phage hes an orthorhombie.
gtrneturo mci fams a8 o povibootic poaction ad a cmmmtmely oy
‘gempﬁm'bﬁ;'%- These remlts are illustrabed in Figel, which chown the
change- ;in»mgnitfxdé off the oxothomic renchiom willi change. in ‘aomadéitién
) the ac)t't:ed V:brapalfmian of the line aoininﬂ t-ho copper

#ich speeimong fo tewporaiviom groster then 2Y2% g nob c}ue o e.cuerimenm

of the G@-ﬂpﬂﬁtq

vopulin fmd referenco will hcx maﬁ Le this ab a dabor gbagoe

’I‘AELI* :W-

i

mfmgenhial wbemal AWW@;M@E&@ Goupastas

-

b g e

Garapas%ltian
A‘J‘ .

Cu

-...-«n

Gckrmqundim% ‘

Gompound

- Reagtion
| ﬁ&::ap%&mré,

Magnitude of
mﬁmmgia Ghande
G2

., 88

8*‘).

7

B
40

2
30
.‘28 '
45

gl

“ Cug AL
Gragftly,

490
490
460

448
825

7
57
272
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The ¢ %pm ..mc;ﬁ Q‘@ﬂﬁsﬁﬁm-ha% 41, which ggm the mﬁrﬁm ﬁé‘m’ﬁ ghaiige wag

. exomined. bﬁ" Yerny

Clrme. e
RERE

ai‘ﬁew tha whp:i,atmn aﬁf: the e;qwr,.,ment. It was Pound
| :_‘f:.e cmﬁain a:;e:;mw, &lums.m‘tm; Guﬁl‘ m}. G&;Mm Ew’m :lims ware ohservsd
. yhich ce;a‘.m he. idmzﬁ;ii‘md aa opt im-hambia m&l. . - _

” Tumz&ahi, cma mmu(;g..) bave mpwiza& 'z;iia farm&‘hieﬁ of an
ordered body n@*&_’;’i@& cubic %gﬁ-zzﬁwm off eomposttion Oull do Wa;:as;:m&ad
films of éémér ahd amn;ma, _ Nens iof? the Ldngs chocrved dn the phota=
graph oF i 287 AL spesinen could b ddenbified with this ati-umﬁe‘es

 The prasema Lle ~and %1&1@ An & specinen vhoge composition
cam;*espmag hc:s Cudl da- gamwmt grswpx*iﬂmga I i ‘1!: notwt bo thought that

’ -szué 5 the fy p}msa, wag &m £ivet compound o forme. X can ho gobn,
waewrg rram .tahlé J;V Thad tho obgerved heal cimlgq in. tha 15;’ M. g:;pee-:z.men,
~ ¢orresponding o ﬁ‘agm 48 emxsié‘wam lmg} than that c;bsemd 10 the

454 83 s;seﬁimen* ea:ﬁ‘;'espmﬂing f:«ﬁb Colles

I ‘bhe bempamtura 1‘&;.\(3 eiooprded - i:r,gg ‘bhe diffmezmﬁid themamupﬂ.e

be added to the terperatum ab yhdel the veag L.mn beglin then as o resuly
£ the heat genemﬁed by *e»hea em“ahamia z'eactim pompagtn acmba,mim* 45%
and f;»ﬂ/ A:L nay rea.ch a %sampamﬁusze of ﬁéi)"’s im.; ng akove the auisec:t.ic
. famed b:«tuean G\l&lg am M. | Th‘ii‘l’é :1.33 ﬁ?aemz.m;, the puambx.liﬁy that
‘aom qmm‘«imy of 1:3.@1111& ph ,asé iy mm .m 'ﬁh@tse ﬁi@mﬁmm op 4 repult of
‘t;hsa :haat genara‘bed b;r ﬁhe remtim. | Lhea :i‘amamm m this Ldquid phape
with uha abzsorpmvn nx laﬁ@zm haau m i’usimx sy ps.*c)fmmd]y influoncd tha
magmbﬁde off the heat emnga ag raaaxaad b;sr the dii"farantial themocaupla.




FI . 9. ACOPPER = ALUMINIUM SPECIMCN CONTRINIMC 70% Ac.
)

EtCHIO WITH AN ACID SOLUTION OF PERRIC

CHLORIDE. X 110

F|g. 9, b) ThE same specimEN IN THE UNETCCD CONDITION.

EXAMINED UNDER POLARISED LIENT. X400



Bde -

Te the mognibade of tho exobhermic réaction shonld bo grestor hon that
ac%u@%i? olisekveda and serbeinly aansidembw gx-aubex’ then, thab obosrved
l:i."ﬁ '),gh.ﬁ} 3.8 AL saw@?‘m{aﬂ!

To ..mmam{, *f::ima p{:am?mliny ?L?fciﬁzm. h:l:« e deoddad to oxanin

| ':mt@;lnngaph;zéa&iy épmﬁ;gézzs “‘aazaﬁa&;ﬁng 407 ang “?Q?fi A1 annosled at 520°0
fow 5 houpse  From Flgeda, ubleh 'ﬂiﬁ@u&a Hha ;ﬂpacsi?&m gontaining 7oL Ai;
- &b con s gen Bhat yhe‘am Er very Hatle- povoslty prasenty the styueture
bedng compozed of ;gigh:& praing sob dn 8 dovl ‘famﬁ'@mnd, hawlng tho appéaps
| sance Qﬁ* ai_ @‘iﬁi‘%a:%,g‘ﬁ:};ﬁpf aml&w,hia‘u a“a‘} o highog mmfim‘mﬁn vith polariged
11{-3?1‘& (Fig«%) ghowa that the avalng aro _5?@3-&‘5?@13&53. wixille bha“bagkgmund
g iéa‘i}xé@im# Ageording o Kepuy &mﬂéfﬂ&ﬂﬁ@ gpoedmen containg only.
Guhlg -and aluniniume  Bince the latbico of Cutdy 4o eliragonal and thet
&usxi;ﬁﬁm; cuh;w p B would sppesy phnt thas ﬁ%&*liamra is graing of

Galidy Hab dn & mezagrmmi of <111m?lim§ |

Judging by Bhe el enount of porosibty présenty the éﬁs@naa of
angular porrep and bhe oundad appesvance 0F the gznins off G‘ﬁﬁ:@ it would
gaen probable @h&*& wmldembl@ q&mﬁ“ Lios of a ldquid phape have forméd
carding “smzeﬂmg«s |

The metallographis styneture of the apoeimen gonbaining 40%
A:L da siwm in PigedQas It appeors 40 he composad of g‘:;'aim of o light
-phagse gob 1a o haekgmm which io similor 40 the grainn of Cubly in bhe
Logt ,:zgeaa.mm b Wil m goan thalb thare 1o move povesity in this
<sgaagimers than in ui‘w:-‘ 1&5&;? but that almaﬁt ail of it is ing and neaw, the
edge of the light wlnation with polardeed light at a higher




FIG.10cd) R copper - «LUMINIUM  SPECIMEM CONTAINING
(>0% Au. Etched in an acid solution of

FERRIC chloride. X140

Flg 10, b) The SAME  SPECIMEN IN THE UNETCHED CONDITION.

EXAMINED UNDER POLARISED LIGHT. X000
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oy

_znagsm,watng (R&g-iﬂb) sizm:fss 'Lm& ﬂm framm *:*i:éa-:Eif*é‘f:mp:ié}i-mﬁié tha

: &ﬁ&;@!am@d i a.;},_satr@pim ‘éfha sbruqi.ara of bhi szpecirz@ﬁ ag- z:*evealed

and aiumimwzh | fhia uaulﬁ be -

by K*m’ey 5“133& Blg fa%a-mis ;.f'J:’

oecountod for 3..? !ﬁza lmﬂgc .imumma pradig e wg}%lw fmcl mm Taet @mz

Cufidge - The a&mxiniwz% would he i éﬁm forr Of ﬁ‘amll igotrople gradus,
mabm}l;r wikhong ixis(,mal g:xmmiﬁ?; |

Siuce Gupdls bag w mich bighee nelbing peind Yhan Cafly aud |
ez.,lum:izximi J.."i.z ‘tmalt.lba | l:;s:w ai’fet‘:ﬁa'dsfb;%;r ‘lsh& Formpiion of & diquid phaoes
In this wy px}m ity would gLl ‘ba found in-gealos of this compoundy

‘:51 @-;cms @c:m iisg weudd i*&a‘mi- o dia a@pr.am Foi the OuAdy and aluadaiun

. ;._'-ax_*&;t.msa “"ma &6 would weon quiie: pesaible ok o 1lquid phage hag alse

mmad i thda mpeaw.mm durrdng a&ma:ting‘
Repmmzq 4o the maulus abhmnea by d.w;;emﬂmm Gherpal,

aaalysisy &b dg noy pospible o expleln the wttucture cﬁseﬁesﬂ dn the 2 8%

AL speoinon on the basly bhot Culldy ds the comppund which Zorm £lvste

Hhen the reactitn starta, Cully ds formad and e bomperature
viges o B89 when & lmquaci phisgs 1. Lornéde ’ﬁ}_}. Tiquid w11l peact with
goma of the emcdss mp;gmr :ms end and i’zmn G%Al" .

‘ .&s hag ﬁ@é&x“é}a&dg *iaha pa;sz:.ib&@ ormatdon of o iaquid phage in
sl but Bho coppes adoh spaamans is b::mnd b infiuense fsifm m&gaﬁ*ﬁud& of
the :zs*;:e Thoridke shaza,_,ca a;s* a.mt;;:*aad Lxgr the’ dfLorontiol nhemocmple. This
feet and Lhe Hsray ﬁwmmzm oi bhe zasf 113, gpocinen ::aaa @aubi;g ot the
volddity of tho camlusim that GuAL
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124 A1 (Composition of Cughl)

37

Tenpe ¢ Time - | z ‘
*Ca | houra! Coppor Gy Al Cug Al Cunls | Alumindum
. e
480§ Qa5 | Strong - - - Mediun
475 § 1R | Styong - Vel Vool Falnb
515 ; 0eb 4 Strong ; - - Folnt Woak
510 iz ﬁ Strong - : I'Ieak - -
510 ; 24 Strong - ' Medium - -
510 gg 72 Strong | -~ Strong | - = -
555 f 0.5 | Stromg | - - Volleak | Heals
56O { 28 i Hadium §.;s:._ . -Strong - -
560 | 63 | Modiun S.8, = - Styong | - -
610 | Q4 . { Strong - ! Weak - " Velenk
650 | 46 : Valloalt SeSe iviodiﬁ_ni:_' - - -
; 665 | 0u5 | Modium | '~ | Stromg { = -
J— - 4 , - w—‘ - e
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Torpe ] Timef - o i o -
°C.t hvge | Copper COwhAl 1 Cwpdly, @ CuAlg §  Aduminium
560 | 28 | Hoak eS| - | strong| -~

) - ' i Lo
650 | 46 | =~ VoWealt{ Stvong| =

B o

207 AL (Mowx: the' compoplilon of Cuohly)
- Tenpa Thne ' | o

%Ce | hwny Copper | Cuphle | Cuhlg  Alusiviui.

65 | strong

7, -

75 “

Strong
Staong

Mediom

Faing
Velleak

Haaia

Sbrong

Wealk
Hexle
Vel E}Eﬂ_t

a )
i

T -
i

V'.Waak

Vali ml":. f




39,

20% AL (near the composibion of Cully)

Tewp. Tine )
. rse Copper Cughls, Cufiln Auminion
400 G5 Strong “ Weak | Medium
400 - | 108 Stwang | L ook Moditm
500 ’r'{‘. & | Weak { Strong | Weak
520 | 75 - - Modiun ‘Strong | Weak
560 28 Y Strong " gtrong | Weak
70% Ale
oo SRl AL e ‘ - -
Tenps ime [ ‘
“Cs. hree Coppex GupAl, Cullp - % A; wnlnium
- " ‘, - - 2 et vt ot e ‘ {- e My e
400 ) Strong - Fainb Stmng
400 108 - Sbrong y Todanb | Strong
500 78 - - Stwong | Strong
5:3@ 75 K - Strong Strong
‘ - B Eml’bsd) - Mpddun | Stvong
560 28 (=o1i4) trace { . Meddum | Strong
s N = L_ b i ‘ ' ety et
i 5 v ) LA At At e po—
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X=Rey __t};.*yﬁ'hallogra_p}wﬁ_g Analvadd.

Lmpay data mla'bing Lo compacts heabed ot constant temperatures
for varylng timeg are shown dn Table Ve  The table shows the relotlve
intensitieg of Hhe phages present in any one gpocinen afbor amnealing at
2 glven temporaituxe. The inbtenpltlop of the phases were ostimoted by
compardng the observed intorplangr ﬂ;mqizzgs wlbh those given on the respective
cords of tho A Sﬁ.“ﬂ.‘qMﬁ Cord ixzc_lex,, and with tho gpocings found in fused alloys.
The lowest bemperature at which compound formotlon was obserted was 400%C.
no eum!pcmnd i‘c}rma‘ﬁi?n having been observed by annealing ab 375%C. It will
be soen thal Culily a;:.ppaars in all the spoeimeny pintored at 400%C while
CupAle appesrs faintly, only i the coppor<rich ones. Thio pregence of
approcioble quantibiecs of copper end aluminivm shows that the lniliial
reagtlon has not been comploteds |

© A progressive mige in temperabure resultg in the rapid disappear=
vanoe of £ree copper in bhe compaets uith 40 and 708 Al.  TIn the 40% AL
a;pac:'imam Cuphle, appenvs as “i;he copper dlsappearp, and, ag the i;yﬁnpara‘atzre.
is farbher voised, incroages in inbensity. Thero is alsd a weskening in
the strongth of the aluminium lines and an incresse in quanti%y of Cuhlg.
It io obsevved that oven afler a considerable time ab 560°C the Awroy
struoture showa no aign of Cudly belng composed of Cuphls, and Cully in aboub
. oqual proportions. I allowance be made f£or the a:!.urziiuium which io sbill
pregent, it will be seon that the Gulls ond Cuphls are present in the
c:ex;a:ea"c» proporbions for a two phase flold betwoen these compoundse

The cage of tho 707 ALl specimen is similar s Though in this cape

there will be a greator inducement for the copper bo form audelly Gli&jg




{

and not renain an Cplilee  Thus, though no Gwpll. o dotocted excopt In

hY
£}

Cshie lagh spezc:imer{i it ds presumed thoat a emall quantliy, oo small o be
dotectod by X~ray specbirogrephy is actually pregonts Thiﬁ_ lopt specimen
of 70% veferred Lo hove ‘wag; plntered ol HGOYC. t;l}i{:h i above the 'tsmﬁmre
sature of the eubscble hebwcon Cully end sluninivme & Ag might be expected
“ 111_1’6'3 ‘ppecinen was parbilally meliods Lhe nelted portion ghowved Cullle and
aluminium o be’ present in almost equel quantibiesy while the golid portlon
showed in addition a trace of (uplAl, indicabing that the gpoeimon had nob
vob réached ite equilibrium struotures -

| IH willd be noticod uim‘u the compogitlon geoms Lo junp Lrom Cully
to CugAlee  Talkahsaghl and ’i’r;i]ﬂ.{rh(,%tl-) é;ive_ daterplonar gpeceings for o body
centrod cublce lobtibleo which thoy call " "l“ Cull, o8 4 dooy not appear in
the squilibvdun diagrams  fowover, all the lines of this phase dgwee with
those on the A.S.-Ta‘!-ﬁ.j Card for Cuphls, and for the high z,.w.m:;les -1~ﬁ:.:i;chr:a-f~@
Condtted from the .e‘a‘rd,s with thope observed in g e.aﬂ AL ppocimen, 1&1"&91'1"-:13
wholly Cuollse  The only difference poenp B he thob- the firsh tyo lines
(of mediwa intonsity) on the card ave mlssinge . -Thus 45 will he geen thok
it ie exbreémely difficuls Lo ﬁ:igai;ingui:—:h thia phase fron Cupdlee  Though
one or obler of the fivet two lines ls migeing in gome cages where there
1g only a very emoll anount of CusAl, presonb, It comob be gald that bthe
"4( " phage has ever boon identifleds . Another point which lends support o
thie is that in the 40% AL gpocimeny ainberod at 5609C Cughls and nob Cubl

ig found along with Collpe '




.i’b

- In the copper meh spacinengs” Gubdy s found ab low temperatures
and ghorh *{au,zeﬂ ol ummaling‘ b Hho tempembum ig roleody of the dime -
at the pa nca ;u.csml:umt*wa lmz-mmd, C:uMa and alumlnitn dc.eroa;m ,f.u mueusity
ahd Pinaily dieq ‘meas«, *mma Gug&‘h gwercmm in wagaiiudes By G00°C the
2074 AL speeivien rmnﬁainﬂ of‘xl:;r Gug&ly Spocdmnons conbalning more. copper than
*biuﬁ-x gontlane o ﬁlm cappe,- Tdness  With Long (u?.nmﬂ.;lng', Sines ab tempop-
O LRros m gxcogs of 500% some solid aaluﬁibii of aluminiug iﬁ «#appé@ in
Qbr-sarvado. }Relm-_r thin ‘z}ezapmxx‘;u;fa: 'ish'ca‘ copper lineg show o closo agx:eéaaérrﬁ
with those on bho AsSéTells capd for pure COppeTs.

When specinens containing 107, 11,87 and 15.5% AL were anncaled
ab 560, all showed copper bolid golubdon nnd Qugfds , dn varymg praoporbions.
Fean this AL night be acneiu&c*a that they had been iuily ginbaved aud reachod
thelr oqilibriun shructires. However, this "‘*ﬁrlmtura narsmse& ai"bew
annooling ab 580% for a acnbadembla Loy whm tha ,L.L. 8/ .(\1 g;pac_t.man ay
leagt should hava been in the (3 phago fields  On rolelng the anncaling
bomporatiro *ﬁn“ﬁw"i} the douidibeivn struetubes c}ij‘ timﬁzse apceinons arp
KA+ 3 p @3 and By respectivelys  After dinteriug ab bh}.a tomperature
and quenching in aleohol and gollid 00z, the X-way ciii‘i‘racmmn -photographg
ghawn in Figedl ware obtalneds | ,

AL¥oys whose conposki 16np Pauge from 10154 AL underge o
'“mrisi'-‘ns.uhm’* reacbion, the maptonsiie belng wmad by a ;mcmws 3 gdmidar
o thay in shoals t—Iam;aemann(m‘E}? ghowed that on wopld cooling of opeelmens
conbaining 11.9 and 12447 AL, the disordered B phiotie transforned above
8209 to an ordered gbructure which h@ oallad ﬁg,nf On further vooling
this [ tronsformed to B Hiovery no information was glven about this
phages | ' '




4)

(b)

FIG_ X- RAY PHOTOGRAPHS OF TWO COPPER - ALUMINIUM

SPECIMENS.

i) 1557. AL, OUNGHED rrom  650%.
b) 11 57.fit, QUENCHED rrom  650%.
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Fha ZJ.S/ .83.,1 speeinon tmencheﬂ from G.JG‘”G which wag wholly in
the Ve :;eglm, ‘ hwa lina  iikeh agree very well mm B zwa mlsﬁinw to.
Ve given Ty ‘:t:m dley and a‘mes{a(}) ) OB can be geon £ron Taple VL They
ﬁn«y b'a corralatad m Bh o g aee qmnﬁraal cible **t»mcﬁm*é or vith a hmagaml
Em:cu:s'ézu;x;c?_.- In ;md&mr- Casa, ;’zm-zgyem ,:L&f‘z}im_ mm‘maﬁwn) sufflolently

gond poslilvely to ddentily the strucinrgs
i

‘ ”&B&J‘ V.C.

7

.mmwpia_zcw pracingy of 11‘ 5% Al spocimen qtlmmh@d i‘ram 650 s
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- Bradioy end Joner Linve suggoited that the mamoturs of B7id
similay b0 o faco cenired oubio wibh ;:‘ez;imin atong iiis;s'ing&.' S@Vei*éi"éﬂzm'
invogtigators have suggeated yhah tho ptructure 19 héxagonals ~Ipaitichow,

oy
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- Ay
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| Iumum.i j a’zmi Cm*ammw( .ﬁl) havo e;w'a}u &1‘&& mématms that the btﬁiae ig
n&w w a elose packed hes mgam.e“l f‘am, tﬂich would appaar o bm qulte
‘iﬁééfss}ibié.-' "Tss:;é &*éﬁt&i‘bs mj"qam@d in uhe‘pmsanu mm&mbl{uum wmzld be in
, acaorchnca w.il,h uhi:z ) uwe‘ifm:'e‘ };u.na “é)“ in .L‘ah'm V,s.,:, dogy 1ot ca;:::espancl
o any c}f‘ Hhia mmg fiven 173‘ Bmc’lley an& Jcneg. lu c’aag, hovovar, abmr g
gacscl coreal m;mz:s wiih @i’ehe&? the fage g:enwg%cl m? wagonel structurss It
wowld soen pt}m‘a}.blﬁa 5 theveforo s thob ::fa ig a /3/ ligm. Tho veoason for ibs
‘ © appGarance hez;*a aad nv:m*appaamnca ;m bhc, izﬁve.,,tigauam by Bradiey and |
Cdones may o found dn tho ciifi‘@renmﬂ ox e:s}gc—:c:nmen st::m?aa and p;mpamﬁien.
wfu-mz ox the obgevved liam have o greaber intzmmi :»,r than thosa
fron tho daba of Bradley mci Jonese. These .L_mw corregpond *é'.a o coppar
solld azseam'&iml Gt;zz‘iéa.iangg ab&&f»el(}% .&19 . }:3:¢e.v.v:‘%.i,m” amr:l dones Islava obnorved
that when 'i,}hc{:r:@ ie any froe cnppe“r- pre sanb mos b c}z .:.m llraes 'wa sap =rimpoﬂecl
o /'3 lincse Thus, 1% gecms prohabla Hho 'ishem i gome o(c:cspper polid
solukion presens In thip ﬁpeﬁimen in ;-‘dei:a:lcm el tlm ~ ﬁ)’~ ‘t}hasm--- \
e oonelus J:mn wag confirined %;y menullmgrmphla omandnntion, which
shoved the piesente of ea@me vory ::mm grains of m@p&m Lo wap ¢ alsg
ohguwyad thuh the aeeicu sz:v mwneﬁblmc, X%y ux'z,&wu;m wag nc‘ﬁ;_ ‘t;all' developads
Howeucie, the stracthure Qbuamc;& by queuclmz ;.si*‘.gfé;ixzz 65050 zjei*igi‘a‘bed even after
pomperdng for 55 houra ab 375%s  §b imo 1‘1&_#&'&33&%&‘ o uwzpw, fop 27 hours
ab 550°C Defore ¥erey analysin revealed 2 ohifigo dn structures  Afbor thio
treatuenty o find nodiley 'prégx-:ip;i;&ai‘.e of the v mtmm:x in’ A wap oboerveds
Oh quenching frow ;65.9‘-’(3 the 104 A specinen behaved very simdloxly
40 the 1187 AL speolmony bthough s weuld be oupected, more o polid solubion

Was oboerved dn the Xeray strustures”
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It hasg been shoun by anwrmwi», Kemdngky and Kurcjumotr(a ) ehat
above 15 .9? M : the ﬁ 3 phn% umnmerms on usollnﬂ‘ o ‘Y s 2 so:mc Lm'
;hav:t.m a 04. f‘ercnb X»my mﬁum'n LO u}mt of ,5/. Iﬁq smmcmre :. sa.r.d
b’ be hemgona.l, c,mse plmhed, a = a.ﬁﬂfs&, c/'x = 1.619 (35) Ib Im al
_baen riwuad 'i;kau thea ﬁ mmze Lure ulfa.ers, fron ')( .?.n ulk.ix hh@ {00.1}
c’i,l.metlon i :}" en angm of 2 "bo uhe (OO.J.) plano nm’ml, .:m.d ‘t.he .,ma'fle
bettreen tho ;olmzet: (lO.@) andd (01.@) &mii‘erﬁ by ebout 1° frtm 1?0" (*31).
ibo 1a. YA Al 3_30c,men, was faund i.a eommn, on aivemhin .f’rom
650"6 Cugftlv md ’Y ¢ Thea ’Y wae i&enﬁ:.f).eﬁ ui'bh bh(% a..x.cl of a Bumn chart
| amd the value of the c/é rat-:t.o fox 2y~ {*i‘van 2boVGe
 Oa the basls of the xﬁmy data obbainod bhe lettice pavamebors
off Cupdl, and CuAls were eﬁ,a'herxzﬁf.\éae“.’ Poble VIT ghows the correlation of
the '},t’;‘borpianar -spaéinég ..éf Cupdls | in sx:z{}% B gpooinoh with the eorresponding
LeSeTele Gm;’@..' . This. card .LSQ nnmrmneﬁ,elj, .mcomp,..el:e » ending ab o Ma"
Wlme of 14184  The “c‘f“ walies of }Df},j*’i! e J;'i.nm a"& Hdghor mggle.cz than
blu.s Wore compvted i‘ran thejx N valu@t; 'md the published v;.zluca for the
pm‘zzme“uel‘ G703 E. (31‘ ). The pwsmeter value dopl vea Lrom the ab;aerved
i‘imm is 8.65?&{. |
‘.L‘oble VIIT aimu«s tho Lines Qhaarvecl in the M},é AL s ;peciﬁcaﬁ and
thoae of the cnx'c}::a Low L.UQMA andd Guﬁlg. Tha wme:a caloulatoed -i‘%m- thene
data for tho lebbice congbants of Gw\la , xmwh has a b;ad;z cgmtro& u@bl‘&gOf!»l
si,mci;m’e axa, g = G.Daﬁg «md c = &.877.11. Tho publmi wad Valuau o,re
= Q'Qﬁﬂﬁ, o= 4,8’?% (34). Since Gu—_,ﬁ:l,l g also present dn Lhis mpec:z.men

the value of its parancber wag alego dalcilated end found Lo he a = 8.714—&.
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it m:L‘L be notoed e..hm:» the 'aloula'ﬁmi value of the paramstor hag
chanpged fron 8.(39'?& in the 20% AL ﬁpuc.:.mcn 0 8.’?141‘\ in the 40% 41, specimen.
Thia ‘la%:_l;axf value is compar: tively high, but 1t will be remembered thet
Gu@!zlg, lg a non&-‘aqu:i:i.ibriwn phage in this gpecimen and 80 may pogsilly
corbaln aluminium in solid solutlion.

No evidence 03‘;‘ the forpotion of CuAl hag been found ab any bime
in these investigablonge

The anomaly of the coppor-alumlnium gystom le that vheroas
differentiel thermol malysis mebhods indicate that Lhe compound Cull fovms
Lirgt, the X~roy daba appaar 50 phow cloarly thab Gtmib,,; formg fiveb, with
a subsequent transformdbion into Cughls in copper dch apacimaﬁg;xk

Thus it oppears thal s compareblyely low melbing compound with a
totragonal atructure is firet formeds  The eleéﬁ}:;@n concentration ot which
this phose oxlebs 1o 2433 and is very considerably’ mrenber bhon 1s the coso
In any of the preceding :zsyﬂ'i;ems._ '.Ehe. Y phage appears to form very gquickly
aftor Culls, and to be vory sbable.  Either this pi'mﬁﬁ:) or CusAL would have
heon expected to Lorm firgl after a considorabion of the resulbg forithe
previous gystemg and en ingpection of the coppeor~ a?.lmaimium diagran

Howaver; sone other fac ho:r, or factors mist operate in thls case
regulbing in the prior formetlon of Gu!&.*.lg. Copper and aluninium are
furbhor aport in the elecbrochomilcal serles thon any of {'.h@ previonsly
mentioned pairs of cleménbs 80 giving a grester olectrochemioal factor in
this gysboms *hig may be parbly responsible for tho differonce in the

repulis oblalnad,
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TABLE VILTe

Inbepplonar spaeings obsorved dn a 40/A1 speclmen ovnealed ab 560%.
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There ig therofore o possibility thot similar re::ulﬁ:a would be
obtained. in othor 3:@.19 ved & ts.eemr m%ml@.isw al. u.ﬂ.m.z.u.'z.

'S

IROWALUMINLUHS

In thie s:y'zrhm"a mie eieé‘b:aéééha’zm?_.cul- Tactor, tlmugﬁ not 80 great ag
in eo*ng@r-m.waj.nlm, 1s ui,»,.,:m h.t.gha:i? uh'a.n" ih wag In ei'bilc):n* of tho gyotens
'mvola.mrr BliCe Af‘a can be seen J.u g .lrl (35}, the erm'x;f;dtmd Tells fomme
i} @u,tea'b le wi h AL as uoa,.; cuxsq. Like SM—L“ It doesn a‘w-h i}*):"e: fz‘ congrrent
moltlng point, u!angx 4% dg | gbable o a nmoh highep tempemﬁmm. Thepe
o conyom:xds, Lhwcrh. bhlﬁ)ﬂ“lz}z; to G,x.i‘wx'em gryatal, L’,}f{TGOi"}‘} (Fe Alg :1.{:
o uhcrhombiu(%)) :r,m na uemmw/ comrmuml on the join bowezm theny Cug Fe Alg
ow 2(;11&.{9 I*ef‘fh mn.m'z i slso betw z.{,cmij..
‘“hu compound Feahlds bas vocently been shown by £ ehubem’; and K'Lw’e( 7)
to ahow. {ﬁimilcw&tma with Cui&lm in hend,:.agv and oloat u*.;'cm oonf Plegwations | Ap
in the :mppoz*v-mwummﬁ systen a phage, F m‘u s Gppears ab an clectron
com.emmulcm of Lety provided thab Ivon be congd de**ed *Lc:» havo gere val cneye
-Accor( ying do Hunme-Dothery and Gc}leﬁ,(:}&) tu 1o pogsib LG@ hovever, that iron
may in foct show a negatlvo valoncy, thongh nobt necepgorily of the order
sugpested by Roynore For this vesson electron concentrabion values conmob
bo gbated for this sysbem with the same covbtalnty as for the systoms coneld-

oA

vorad eavlices This pome condition mey elso apply o some sysbomng
e;;onw, L&ull"‘ ndokel, though 1t lo probable thabt In wine, nickel hos zevo

valencye
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lf‘ :Lmn be given zoro vnl@nc;sr whcm all.cyezd wibh s:zlunlnlm'x, the
}.’QAJG eoxmeund um] a hm.»e an elecitron c:cncenwsw Lon of 2425 which ig of the

BamMO orﬁer ag In D‘a&l,g.

v

In vioy of &hwe ﬂﬂnilm*ib dep wlth copper=: z,i,v,raixﬁum it was decided

il

o .i.nm,::miguw slie progrose ci‘ p.l_nbzamn{f :m uh.LFS qysﬁem.

Dirforontinl Thermal Analyalse

The resulis of o sovies caf difmmnﬁi.:;ﬂ; thermal analysis exporinents
are shoun in Table IX and in Figild.the magzu tudos of the observed heat
charges are plothed against the compogibion of.f;‘ 4he gompaghe It will be
~ goen that the resulip for the compaebs conbolning 5% an 5&% Al are very
cloge togothery in one:case the 58% AL spocimen; corrosponding to Fells
giving a-slightly highor readiﬁg ‘bhan the 5’1% 81 :3?3@(::3.‘mon,. which is in the
Foalls Diclde - I% wag fearod thab ULoh large upaemo 18 bhove might be
an arror of up m 30% in the ma*«{.wm tempemmre rocordad duwing uhe
exothernle changas  In order to reduse this and differentisto more clearly
hatween thoge compositions gpecimene of only 7 grames in welght were
peeporods  These gave roproducible wesulits showing %Imi, the highent
roadings were obbained with compacte donbtaluing 9547 ALy (the composition
corresponding bo Fasbls)e ?

Ag will Do goen from Figeld, the. change appears o have hoeon more
accuratoly rovorded, ap tho polnbs ave a bobler £t for the groph than ig
the cago with tho lerpe specimenss It will bo geon that the magulitude
of the exothermic reachlon recorded in the Fepdls and FeMly specimens

(5500°) is of the game order ag tho velue obbalnod by extrapolation in
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425*C

' ' 450*C
550X
1000'C
FU&EO
11G.17a); X-ROy PHOTOGRAPHS OF IRON - ALUMINIUM

SPECIMENS CONTAINING 58% Au. ANNEALED

AT VARIOUS TEMPERATURES.
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l?ié.ﬁ. This s the value whdch mdght have been recorded by Cubly had thore
‘heen no llquid formations ' |
Difi’@rentia.l "ﬁh@l"i‘iiﬁl axialyéifs hm imliéatéd shal a mmpmmai.-in the
rOg 3.031 \rﬂ - 60/ &1 w 'Lho firat i,ca %‘ox'm. I appeals probable thab. ¥ e‘
::ompcmd ig Féallge LfIOl"O eonclugdve ovidence, howavery musb hu sought by

X~ray exandnoiions

Zryay Crystallorraphic analyeig.

The u,m,.!.m of . & perlesg of X-*my expuinabions ave vhoun in Table X
cmd in l?ig.l . The compogitiong ehcﬁan reprosent uvhe various irvonsaluninium
compoundse  The sintewing it:hﬁes wag normally lkept consbant at 60~65 houvse
Figeld illugtrabes the progress of gintering of most of the lron-aluminiun
compounds with inereaso in suneuling teuperatures, and is composed "o,i?: gone
of bho, powder photographs used to derive Table Xe

Tho Jowest temperatire. ab. which compomicl i’;‘o:f;'mat:}.on wan obgevrved vas
425%,  The apec'immz uged hero had previcusly been gintered for 70 hczms
at ¢00°C without sign of any linos obher than thoge of iron and gluminiume
In Fige 1day tho firgt Lilm had Lines helonging to :';.z?on and abuminion hub

hag alpo 5 obher woak or faiwb ldnoge Two of thege lines con only helong

0 Foyblse Anotbor two sre the gbrongest Lines of FesAls but could aloo
bo éex:icl to belong to Fells which hag medimh:a sbrongth lines ab thoge angless
The fii“&éz Line con he pepresented by ci venk sbrengbh Feglls Line or by
;-:,eaic FeAl lines The atr"onggasis linog of Fefllg snd of TeAl are not ohserveds
It 1s concluded from this that Fophlg is the compound pregont, end po ip

the compound o be formed firsbe The ourious poiut ig that although
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thie compound formabtion ig fomnd in tho 58% AL spepimen, none Ls found in
vhe M% AL s;g::éeimn at the cempoﬂi;i@*; of Fesllg i as can been sgeeh in '
Fiéf‘;cl{’-bo

By 450°C compound formation con be ohserved in a}u. the compogiblons
invcas‘a:?.ga:ﬁed‘ In all but "co;he ironspich speaimens Both Féahls and Fellg
are founclj 1ines chumeﬁ@rismé of the ‘i‘om@r alsoys being “'pmseni; in greatoer
Cdntensltye Ag the sin’i;e;:ing temperature is raised the initial veschion
proceads to completion and the lines of iron and alumimlum}d:i.sappear.
Thoge of eluminiun tond o digappoor earlicr "blzem those of Jrom due to the
lower socabbering pover 0{' the aliminiun ahone

By 5(3_09-5‘.39?(3_ the dnitlal yeaoblon im complete and the soeeond gbage
of ,lmmogmm:‘m';ﬁfqn.igi}@gizmix;g. - Thug in the cape of the 32%» AL specimen
ob 550°0 Felly and Fell oxlgt in additlon to the I"Qgﬁ&:ﬁ 2 Fel\la “and. Lron,
indleating diffuplon gradionts ,Eai;tman the inlbial em"brem oF compound
formation and tho remaining irone  Fige e, illustraton tho complox appear-
yance of the Xeray strtctures ab this stoge,  Simllor struetures are found
iu "is_im other specinens ab this jﬁémpomﬁum‘- ) |
Whon the aplnbering temporature is raised o 7 SO"G the iron vich

specimcns are alnogh completely hounegeneous though there is 1ivble altoration
in the observed structtp;;es of the threo compositions between 50-GOJ AL,
Tho gpecimen conbalning 337 AL, showg the ordered sliueiture of FeAl at this
tenperature og is scon in Fig.ldc, only o trace of Feolls remodnings The
ohpervad interplancr spacings ave glven In Table XI, in which ave also given

the corresponding reflections on tho AeBeleMe Cord for Fell, The labbico
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cxoxmﬁaﬁb dorived from tho observed linmes of Fefl is o = 2. Bﬂég. This is
dn good agreement with the value given by Taylor(86) a = 23.9981.@. The 12%
AL specimen ab this bemperature shovs a mixture of unalloyed iron and Fehl
ndicating »“i'.ha'is it boo hag veachod equilibriume

Afber 100 hours ab 10009 the 497 and 5&% lAl specinens showed &
grooter dogree of homogendsation in contrash to the 58% AL spocimen which
eppeared Go have lees Pefllse  Chemlcal analysis 5&1@&«@@1 whad while tho
< -eompns;ﬁ?iozm of the firal two ppoelnons had nob altbored vppreciably the
composliion of the third speclmen was now 5674 Al ¢ and as guch the Xe-ray
Megran vas probably é@mpambla’ with the othersy in indleabing how cloge
“tho ptruciure was bo G@?-ilim?ium; | |

Abtempbe o anneal gpecimens of thepo compositions ab 115090, i.o.,
) ;jug‘é @sﬁﬁ@r the meliding 1563:3.21‘353 of the vompotmds, had o be digeonbimed vhen
it vep found that almosh helf the aluminivm was ;I.Q;fs% by volatllisation
ém:*;lné s:im}eriag for GO whc’)uré._ : Qalﬁﬁl&ﬁidm ghowad that ab this ﬁeﬁperafisura
the vapour progomre of aluminlun was ébmﬁ onawbthird of the progsure in the
vacuun tube, so making possible such & lorge loss of aluminiume

Spocimens corresponding o these three compounds were preparad by

molting in a bigh fvequency furnacay in a cavbon monoxide abtmogpherey 2
mlnutes helng allowod for melitings Subsequontly they wére ammealod ab
1000 for 50 hourge Their composltions on analysis vere 45%, 567 and

61% AL The obgerved interpla

Wy gpacings, and where prachicable their
indiees are recorded in Teable XIIy sectlon (o) Por the 457 AL spocimeny
gegtion (b) for the 56% ALl spoeimon and section (@) for the 614 AL specimens
The first speeinmon £ally in the reglon Fehl + Polly of the oquildbiinm

- ddageome  This ig the peason for the return of the gtrong cuble pattorn
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';ai_'lich can be soon .m Pigelsdd, The reﬁmining l:i.ﬁeé .b;all._pn@_; t.o Folile with the
| aﬁ;ce;ﬁtign of 'v':a-:c;z 3.::1.1%93‘“(_11;;]) which may belong wo Feahlss The sbvongest
Feghls iixx;fés, m;h:i.éh{ ha.vo now ﬁc:{m 6?3&}@3}?5& .&::_ould‘ he} msked by' i"cml.g linene
Ag no A.S.T.II. Dard exlsted for Fe&:lg .a.. table of possl ble Wl’tmb of a;m”-e
uag compulted Frow Lhe publ'&hed pm"meuers Q.s. Feﬁlg(.%(:). , ‘l‘hl.a gave all
‘the pogsible mfltxecﬁj.am g;q;:r Lhis su;'nwm'e.‘ g V:}lue of sin 8 vere
ealeulated for the c}as;erﬁad .l:i‘.nes. smcl' these{ va;!.ueé cmmmred with those in
the Tablce TL?:LS -2l <xo enahlaed the obqervecl Lineg uo bé index ad. Alno
shoun in r:cct.l.on (a) of Table XII 2 aro the inte: =plhm . smcmk,s dorived
from the uaj culated s.mza 8 va.Lues. It will be seon let 8 close correlabion
3 ip achleveds = Ag an a;dd tional chock, uh() oxpe 'mon'i,al ro,mlua were furcher
_. _‘a.m:lysed; Us:}.rz,g *t'.he '@:;mrimean'sal rogults and the im};z.ces | obuainmil in the
_'pmvimw aompmlmns thoe wm*mmbcer.a of ‘the rhombahmh'-al agtructura vere
devivode  They were fc)uml to he & = G 3?.;4‘», A = 74590, tho published
vames bedng o = 6.3?6&, A ?4“9‘ (36)

o

| ‘The ﬂeeoncl of uhe ,fused. uloyb l.ues ot uhe alurlinim r:r.ch gide of
bhe F%&Jﬂ plmse ﬁi@lﬂg “i?I}e presenco of somo .m:;.nt Fef}l. a;‘ld Telly 1ines,
.sh_‘o;m in F:i.g;\.:@.%b‘ and }@‘sbla }QIIB,; seon to ifzdiéate that equilibriunm hag not
ygﬁ*ﬁ bcaén 1*85611&&. Tiae %bic% gr:l‘ves 8. cempa:f.-':laon of the obaorved in‘herplaz‘mr
.Apacm e with “uhOue of I‘e&l, E‘eahlﬁ ‘md Felily o gu.von by "uhe A.S.‘l‘ Ve
(aarclsg Lings w, :-m.cl e»zi, have heen, absomred. in wnany apecimens which

- contain FeAls bthough they have nob baen indewe;‘i in the 'fable of in @

for Folls , wh;i.ch is deseribed laters  In view oi‘ 1;11@ close aggreem@nt

hotwoen vhe exmerinental valuos arnd those fron uhc; Card, tho caleuiabion
1 ’
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wag carried no furﬁher.,v Thm'nublisheq paramatera‘er‘this!phaﬁégawhieh
1o orthortionble, azo. @ = 7.08 b =640 o= a.20k (30)s o
be 113L éf the fumad<z_lqyn lxea sLmunb}v B0 Bhe a*un¢a¢um pide
cf Ibﬁlg. , louava no alum:n;um Jan are cbserv;d Qﬂly'znm a of Felly
baing foud as iw seen Ln Elﬂ;léa uﬁ Tabie &II&. |
| ':’ﬁkg uablatgive* the ob»erved paciuws plug Lha rpéomags and

iﬂﬁensiﬁiés on tﬁéicarro'nanding A.Q.T.M. Caarde Bec&usm ﬁgma Card’;s
iﬂsonnlenc 2 Tablo cf smn 9 valuer was compubed in u.vpnnor u¢n¢iﬂr thet
'far Fe#lg&: This,qn&blad %he\ahservgd.linas:MO“be lﬂuﬁﬁ@dd<f Nh@r@‘no'
vulue M”‘given onhe A;S.ﬁ;ﬁg Capd the carve.paudin* "1“ value g calm
seudated foon “the aiﬁ?Q valué, anﬂ~is showm, 4n Tdbie.XIIeu -_ﬂven.afﬁer
.%hls hod been dong line 2, ?”ﬂﬁluﬁﬂ n1&epounued fors This 1ine has hoon
£bu4é in- &1& a8/.A1 pn“c¢mun 00nh¢¢nmng apprccjab?a ayounts of Fuﬁla ond
alse in pome 547 AL speeaﬁgns, &nnluding Phe fuped alloy in ?able Xlip
(1ine W)*f In addivion tﬁﬁ-iinaa.ghieh are glven on the A.&;T.M. Cavd were
not able o he inﬂ@xeé. Tb e presumed‘thaﬁ:ﬁh@ value of @iﬁh@r hor
for thepe  Lines ié;greatérfthan 30, tho highost walue in %h@”Tablo.-"Whe
pérammﬁ@ra'maeﬁ iﬁf%his a&&dulaﬁibn were obtainad fronm iajlﬁ?(gﬁ), Hhe
origlnal woulk bexng hy quhmwtaw(ﬂﬂ). Th¢s bhOH& Fc&ls o have an orbbo~
rhonble ,&T‘ucum*e? 8 = 134 Qg, T = 8¢ m’ g s ﬂ7.m,

ﬁozem£1y ﬁlmak(&l) hast shown thet Febls is m@moclimie in structure
with bhe foll OUlﬂ? Iottice congbaniey a "’lﬁdﬁagéé b = 8;0@3;@;
¢ :'12,.4‘?13!\; B =107 %3Vs  Bince tho pize of this tlt coll is approx~
sima%ely';/a of the earlier ona and many poseible reflections in the

calculation wore not obsorved, 1t is probable bthot tho correlabion
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. obbained 3}éf;y¢eaii the c)bséx‘-m;d and c&léulateﬁi Rat yalues is correcty though
% 4o dmprohable thot the'indices pre correchs |
o ‘bh_assea rogults 1% can b geen that Ieghls in a,ho Liuph compoumnd
to & orm; Hhon wll .as‘ciua Forpg ger ,y qm.ckly af 'ﬁez‘r i’ﬁg &.u mlmom; all compopiblonge
The gtmm'lmbb.,ce stz»imwre Pell. dmz nov pp@m‘* bl an advaneed smi‘
of homogenisabion has been :cea.ehnds
Thue the process of campmmﬁ fopmadion ig mmmﬂm”a 15 mi.!.*ai" o that
in coppevrealuminiun in that & phase rieh in slwalniur forms _f:?.x-a‘a. Iiap_,e,
‘hovever, it is rm%. the phasc; T::;‘mhesi; 111 alwrinivn 3:)1;::'1:@"521@ oné- next to it
which pogsengos a congraeny melbing pcinﬁ and go porslbly a stronger state
of in'bem'imﬁ ¢ bondings dmw.z,m i‘a:m tho- rapmo.mmc of these two phagos
(Fé&la and 3}0 Als) dn the sLammp they ave faivly sindlar ag vogards
gbobilitye IIQW@ “g,.; 9. I‘Faaf&lé has the highor heat of fommatlon and also 2
eohgruend neliblng pom’&.é "‘hese foctons may he mfficient to swing dhe
balanco in its fovoure
Jin. view of vhe supposh g,_’ve‘zl by the vesulba of the lron-aluminiva

aysten to thowe of cag‘;pé:ﬁaiurnﬁ.nimra 1% tan deelded w0 investigate the sysbem

nickel=aluminiun.

' As can bo seen i‘;qu{ mg'lﬁ(é?»)f o syotem shown considerable
siullaxiiy to tho dvon-pluniniin pyotems  Tho grestest dlssiniloslly is
i the relative Stab:lji“i&ie:s (}f‘ whe difforent conpounds, particulorly in
tho NiAL phopes

WIAL has o body centred cubic structurce It has the hish




W

“congruont meléing poind of 1640% ond dn this respect differs navkedly from
the obher: phoses thieh fbrm as o rosuli of peyiteé%icheactidmm; The
published value of tha‘haaﬁ-of ermaﬁion‘*s 34 k&édlﬁ/mols slightly lower
than that of Nillys whieh soems to b ab vardiance with its evident otabllity
and the appavend lowa?_sﬁqﬁility of Whlge -

On the obher hand in the irénéaluﬁinium syatom She alloy~Foﬂ1.is
ot & separete phage it nerely an ordered avvangomend of the. solid sé&uﬁi@n
baged onthe ivon lmﬁﬁicea_ As guch 4% vould be expechod t@lhﬂVGn& |
relatively lowey gbebdlity thﬁn«Niﬁlt.: It would @lﬁ§ be oxpected that ite
atabillty would be leopy then that of E@gﬂls whdch hag o considerably higher
hoad of formabion and is the only eompound ia this sygbom with a congruont
noltlng poirnbs .

Thus in the n&ckelwaluminiﬁm\sys%em thave ig-a phape Ni&ig rich
in aduniniun and with o glyuctare pinilar to Fefl; which one might expect
o form judging from the regulvs of the obther alumlniuvm systeuse There lg,
houvevory another phage NiAl, slmiler in stevolure o Gudn, wvhich vould
appear o be very much move stable, and occurs ab an clockiron concenbdrablon
of' ‘about L¢ 5, depending on the exdol valency aspignod Lo plokele |

Hﬁen a” speeinen contalning _2%.ﬁl3'earraﬂpmnﬁing 40 he compound
HEALy wag énaiyﬁed unlng bhe diff@réu%iul thﬁﬁﬁa&;taapnigue, swo exobhorinle
heat changes ware\ﬁeeord&ﬂ.- fhe st houb evolubion corxaaponding o
rise of 75%C in tomperatire oechrrgdlaﬁhﬁﬁséeg“ Thiﬁ'ﬁaﬁ Folloved ot 694°C
by 2 much lerger ovolubion of heat in which o xise of 700°C wes recovded on

the differentlal thernocouplos
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- A gpecinen containing 147 AL wap found 50 exhibit similay changes,

ag there wag o heat evolubtlon cousing o »ise in btemperoture of 50G° ot 5429

ond o forther: ovolubion of 10G° ab 689°Cs .

p

Though the reapon for the dotble heal changes could nob ho
conclugively clucidabed, 46 wvap obgevved bhat they weve compleloly reproduce

vibles  Sinllor double heabv changes have boen chserved in dvon ypioeh,. irons

- alundnivn conpachss

Eezay analysis using bock reflectlon mebhodia(ds) seonsd to indicate
the pregence of bobly NiAl and Nigldl In speciueng amealed and quenched fron
HOO%G e

A series of nickelealuminiim compuete mede up 4o composibiong

8]

difforing, oue fron another by 107 ware amoaled at 800°C for a shord paviods

On examinshion LU wag found thob. the compmed containing 30% AL was in o

semixfoged condition while thome on elther pide were greally swollens  The
amount of growbh appesred to a:lcm&:*mmﬁ the further-thie composition of the
compact wag fron 30/ Ale It would appoar 'i}h{;t dupdng annealling an exothermic
zeneblon had taken ip.‘%.aéae? bhe negndtide of whilch voried with the composition

of the compach, and reached o naxinum in that with 398 Ale  This wonld

Cgeen o agree with bho differential thormal analysin vomulits in polnbing bo
A | s dn g g

Wil ag bhe compound which 1s foxmed Lipvshe
in this sydbon the tendency present in vthe other sluninive gystems,

Por on aluninlon pich phaogse to form flirat appasyg o he counboractod by bhoe
. I -

mach greater pbability of the Nitl phoges
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In g;enm?alg' i;herei‘o:?% 14 appears o he tho cdmpcﬁun&“t-:ii}}:z the
grentest stabllity which fovms firsbe  This glabillty mey e indicatod Ly
a pcsmmien-h molsing podnt, also by a high bewperiture ghability end o high
heat of Fovmablong botl ‘of which may be groater bhen for ony obher compound
in the syobeme  However, i¥ thero is o compound with a structuve sinilar
5o thab of (ubls there i a bendency o "7'.)1"1:3;:{3. o Lorm, provided the other
factors do nobt outwelgh ite

!

NICKEL-MAGNESIUM AND GOPPER=MAGNESTUM,

These two systens have very eloilar equilibriun diagramg as can be
gean in ‘FIZ.{{.:S:& 16 ond 17 (44 ond 45), there helag two compounds __in-"re;mh cane,
Mg and mi{&, | |

The Mgl"{g compound appears in e:;eh aysbem o bs the wore stable
as 1b 1ls the 1715.(,_{_1:_:.@3:'. nekbing c:_;f.' the i}t_-rq :m&l has a %ccg::agmant nelbting point.
Wigkg Lo hexegomal while Cuallg ds faco contvod cubios

Simllardy the Huo Mdps compounds ave homotypes and are -liltewisa
roluted to tho ss-'br‘#c'imm of Codlss  CuMg. is orthorhombic, foce conbred,
wiile NiMg do h@ago;ml(éﬁ).s ~ CuMpa s it _Ui_l}; ho sean, has o congruent
nelving point btz:i; rm% _;i.'s; / i‘am‘sjed as o result af." a pe_vrihem‘s;w rea.atiqn.

. The heats of formation of all four compounds eve very cloge, all

L

heing in the ronge 32,0 = 28.7 . :z;.ls/mal. ~ Thege velues give no appavent
indleation of the relative ghabilitles of the compoundie  The olectro=
chomieal factor in both gysboms 1e agein bigh, bolng of the pame order an

for ivon-aluminiun and copper=aluminiume
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In oach ayobom, Shovofore; the' conpound which Porug g eibher
one whleh is sboble bo o relatively. high bemporoiure with o congruond
nmelting poinb 'zmd' haeing o lov electiron concoudwabion, Ov one which hes
o, Lower melbing poink (only in ome Gase congruen Vbly mal‘i;:?.ng) and a highee

elesctvon concenbration but whic h heg a glructure gindlay Go that of Cullge

‘.LABLI' MIE.

DJ.ffi}l‘On‘Ll&l Thm*m.t Auoa :l;y'rs .9 af Nial:elﬁhgnoriun Laﬂagm...tq.

'-""‘" ey, AW "v.w ’ P o i - 1055 »maw R Rt e e ' y s

Composition Cmpmnd to whieh | Resction - Magnitude of
i, e _ stated composlitlon - Rampovalture | Ixothornde
- L5 AT Q. N N

. Mﬂh.wmmm._ﬂanwnimsgléé‘maemﬁﬂa. T werd < g . poba ey i Gll&ma ssew g <
9ReB  Ted | - 467 1 o5
83 1y Mabg T 400 a8
7 29 S - 4308 27
56 45 WM 000 1 a3s | 43
2 68 | o~ 242 a0

Table XILLL conbnlns the m:-ml*h;; of a nwnbw of oxpevinents in the

K

wickel-nagnogivm ey mem,, us:m{» al ;m‘&mi leh{i?.s. m‘s.f. *an\d;y -‘ft.'.“J__n The magnitudes

of i,ho ewuuearmc change gy plﬂuuud ezgmnﬂu gompagition of the compact in

*

¥,

I‘l{;‘. 18« Ib will be geon thal i;ize groatest

heat e‘*v’czlim}:?,cm. oceurg in the
45% Mg compaect corresponding bo the c;oxa@omad HiMme  Xwray exporiments
hove shown that cz:a a5 "C NilMpg s pregent in all those dpecinons while

NigMg was abient from Limm ‘111(1}:13)
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fypeorimends with the ecpper*mgnemwa ‘wyebon g_,ava vory slmilor
rvomlbs (Table XIV).e ‘1‘11@ larpoat ;}:cc;‘uhernxlc cshanga_—, 18 mdica:hecl by
dEForential shermal snalysis ocourred in compachs conbaining 2427 Mg,
*01*3?@65}011@:3.1153; b0 Culiog.

TARLE XIVe

Diffurcm ,la.i Thormal Analysis of chpox*waagrmfs.z.un Compactse

Composidbion Compound Reactlon Magnitude of

H Mg | Tompe e Ihm‘bgchnﬁc Chango
ee 16 | culg 85 5.

7 26 N T 1) 10

68 482 Gudlga 475 - 26

30 (R 493 | 5B

¢

Xevoy investigations e«:mi’imzzéd"ﬁiem Tindingse  The cdfnpaci;si wore
made up to ono of btyo compoeibions .mpresmﬁ;im the two inbormstallic compomndse
At the Jowesh amealing bemparatvre which wae ;]u_m‘t; above the &*eactiéﬁ,'témp@r-
wature, ag nc,lcﬂted by differentlal thermal anslysis, lines mrrespmdinp
ua Cullns appoarode Guing vo the ﬁhOJf‘u annealing uime tlzo reactlon was
Incomploto, ap can he gaen from Table ¥V. Coppey lines were found in oll
the speclmens oxeep®b that of 427 Mg, annealed for 12 hourp ot 5959, This
speeimen shoved only CuMgge Dosplio 'isha 'abéaenaa of lineg corregponding
Lo magnepiun in the X-ray diffractlon gpectrum, quantivleos of the mebal noy

ho present in the noalmn.: treatod at the Zmuw Gemperaturess  Tho

absenca of diffvacbion lines could be accomnbed For by the fairly small
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ZABLE XV

Structures Obaerved dn Gopper-tapnemiun Gonpactte

Tempe |  Time il ;
Cu hy'ce Gapper OigMe Cullga Magnesitm
(m) Specinons conbuining 167 Ifg- :
1
505 | 1 ; Strong - Faind | ~
555 3 E Staong ' - Hoal -
595 12 g Mediun Medivum Fainb Trace
g * | ‘. 3
(‘i::) Speeinens eanua.lmnrr 4 2% Mo
. i ——
505 1 g p_trong Foint ‘Faint -
655 3 g Henl - Medlum { -
595 12 3 - - Strong - | -
- E_ - i = B

pergentages of this light motal pregent and by the lover soatboring

power of tho magnogium abom ag oompared with the copper abone

In these systems the tendency bovards vhe. foxmation of o compound

having a structure slmller to thabt of Cully would appear 4o be grootor than
1F \ }

that bovards the formation of -a high melting compound with a simple gbructure.

The fact thab in theso systems the @laatmchemicul factor g relatlvely
lavge nay dnilucnee the cholce of compounds

XPIRIMAU?&; JUVOLVING THI DIJ’OHITlON 0}* ong Ik'i}f‘l}\L
) AXNBTIIER I VACUUMe

In oprder to £ind vhay effects the cxperimental bochnlques used

might have on the results obbalued, it was declded b0 try a dlfforent mebhod




Ve
- of gpocinen p‘mpam‘&im. The mothod chogen wap thot of ovaporab-
ving alumilniun under low progsure ond depositing it onbo the surfaco of
anobhor metole  Tho coppor-aluminium gyston was chogen for these oxperiuents,
the aluwiniom belng deposited onto & thin copper compiel proviously heabed
o o constant tomporatures Bocanse of the relabive propoptions of copper
and a‘lum.u«inm Bhe overall compogltlon of tho dopowited compact was always

abill fu the . polid golution ranges

*m%m XV,

Strugtures 0bta1m,ci by V@porimnﬁ Alwnlnlmm onbo
.bepper ab yarious Tenperwuures.

Temm “Co | Copper Copper SeSe | Guphlg Cubley i Al
40 Veotwong | Taint - - Hools .
60 Veolwong { . Fednb o - Hoals -
80 V. otrong Taind - - Took
100 If.,nié:ong Faint - -  Hook
170  Vestrong | Falnd - Trace Umk
15 V. ohrong Eﬁa:‘i.n:i} Veweals | Weals Vetrenle
ave Ve é‘brom; anin%. - Veuweak Weak Fpint
385 Ve ti;‘b-&‘().'ﬂﬁ' " Heals I-fém!g Fmi;‘zﬁ Taint
§40 Stirong Strong Veweonk Vewook Falnte




FIG.I9; X‘KY photo& rrphs of specimens PREPRREO

BY DEPOSITING ALUMINIUM VAPOUR ONTO COPPER
TARGETS HERTEO TO VARIOUS TEMPERATURES.

TARGT .. 4R
Target at m/o

c), Target At 540%.



Toble AVI comprines tho daba relabing 4o the gtructures which

wore presont, L6 will be acen thab éuA;lg ig Lirgt observed in & compach
hoatod $0 a btemporavure o low ag 170°C, ~ Thig temperatiwre 1a conglderably
lover than tho '&@;ﬂi;;@:ﬂ‘&'&tma b ﬁ-r{;:i&h Lha cmmpam?.:i Porms in Qﬂ.‘i}ﬁer wWho
difforentinl ﬁl;m*qul or long bime annealing experimentse

- Th wlll bo ohuerved, from Figad9  thet though vhe lines due o
COpPOR are bmadq all other linep are fines 1?1:3.:3 could bo due to bhe :f;’acﬁ
that the £iln of _a:memm‘z or compound ig very thin while the ‘biock of copper
on which it llos ls comparatively large. 1‘3‘1@:;;@ is more seobbtored radiabion
with theso sapec:ﬁ.mné than Gith powder p;lci:@&_’@ in vitreosil tubese Thip
would appear bo bo dve Lo the lorger bulky spocinon and posalbly also o the
vm"y:f:lncq or micro-crystalline noture of the 'clez;ncﬂiﬁcacflel‘m.- then alum-
ﬁix'::i.ﬁm vags depopited onto s block of rock palb heatcad 40 40 tho sbruciure
c;ji‘ the mobal £iln aa;:lﬁém'éd o he ea,lmasﬁ am01ﬁ1311<}13$(21"é’r);§' Afbor aglog ab »oom
tenperobure 3’;;(:):3: 60 hours, the gbrucbure beuamé mioh, nere erystallines Thovo

wag alse ovidence ab thisg Lime oF some ovientabtion of the mebal grainge

+.

As can bo seon from Fige 19 ; vhon tho targed i}emp.caa:'é:bur@ 4a 540°C
the X~voy phobograph shows two strong oubic pabierny. T will bo seon thatb
the covrosponding lines from each seviea oro arranged in polvs, She digtanco
bettieon tho two lines in o paiy inevesslag towards the hiph anglege  Tho
higher angle lino of ench paie, corregsponds o a Qﬁre copper lines The
romaining linos, coch of uhleh is of almogt cousld intengity to tho corres-
sponding coppor line, hove a face conbrod cubic lattlco with perenmobor

i (4] 0
a = 3.600A« This is in good agreement tho value (3.0648) givon Ly

"
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Bradley and Jonen(80) for a paturated solid solution of abmzlnlum in COpPOTe
The nost foneible explanablon would goom to be thad the cophoyr compact ip
coverad with a £ilm of & éaﬁ.z’s.&*sc;.u‘bﬁ,on ox bhe :!..imzisi;ing composliion.
In eddition to thege lines b@lemgﬁ;ﬁg b0 a coppey labilee, bhore ave lines of
o lowor lubensity corregponding to GuAly and Gupfls.

At barpgelt temperattwes lower than BAQY lines corresponding to the
s0l4d volution oo of u loyer intonpity, but one ling, corvesponding te the
pbrongent llne of the seriog can be scon, mmzh in the specimon tokon frofn a
targed heated o 40%, _ Lh would appoar, them&ma@ that o very thin £iln
off & golid és&uﬁian ‘c{.ax;_ forn hefors compound formation talog plocos
The fact that aﬁlufnixziim abone oavt onber the coppor labtice ab temperatures .
ag low en 40°0 is an indicabtion of tholy high mobility during condensation
of bhe vopoure |

As hng boon sedd alweady tho msu ovidence of the formation of
Gubly 48 found with the bevgeb ab o “bemperature of 1709,  Further inerease
of the bomperature of ‘hhé arget ;:ivés 1inos choracberietic 032' G&;A.L;
aecc)m}ﬁan:i.gd by o decresse in dabonglty of the Lincp e@r&m@mﬂimg 'i;;) Cuflg.
A% a target bempepatuve of ﬁf.@o*ﬁ; in addivion bo the copper lincs which are

comaon to all speeimens, the sleongost lines ave thoge of the « molid

golublon, with smell guontlties of the othey vompoundse

Ap, lnvegbigeblon vae also mado of Ghe chzmgesv in glructuro oceurring
whoi a i‘ilﬁl, doposited on cold coppor, do heabod to various constont Lomper-
i‘é‘iimvew for one hoves  Afiter furnace coollng, }-“;«:my'jg}ia.a'bogg'aphs vove boleng
and the gpecinons found to have the ptructures ghoun in Table XVII. Fig- 20

shows some of the Xepay photographs usod o debornine bhe stanctures, ond




F16.20; X-RAY PHOTOGRAPHS OF SPECIMENS

BY DEPOSITING ALUMINIUM VAPOUR
TARGETS AT ROOM

PREPARED

ONTO COPPER
TEMPERATURE

SUBSEQUENTLY ANNE ALING THEM

AN O
FOR ONE HOUR.
d). ANNEALED AT 100*C.
b). ANNEALED AT 200%.
0
). Anne aLeo At 400%.

d). Anne aLEp AT 60 0%.



idlupbrates the clonges baking places

P44

C Y

TABLE XVIL,

Sumcwz‘as Q?ﬁ)aimﬂ in an Bvapovabed Filn o ‘"*m* 2‘1. hmw
u‘b *%:armmns fi‘enpf:*muwa .

. Copper  { CueSeSs | Cuohle | Cudlg | Alumindun
ﬂa}paﬁl”&ed ' ‘\I- Sbromgg E’aii){”ﬁ | - - Y1'¥e£s§!;
100 ""V.b{-,mngw -» V{Imk - e - 1»:@;:;
500 | S&mng 'ﬁ'ddmlt - - - Honk
300 V'Sumng‘ 1 teak - - Vesk
f*m . Ve Swmgf HI - vwm Valeale
500 | VeByong. | voals el | Temms | Tedeok
600 ; bwmz "Sumng;;' : V.Um}: - *
.I%s wiﬁ.:{. ?;.sra &3@‘@21 thab no :Limfz eé‘rrcas;ncndim o Gu&:tn are dobocked
}u’risil *‘}GO‘“*G..' Ag Mze mmea.!.ing i;u?spara.bm*m L ralsed furt.har the in&amity

of Zze um:t;,- Jines clecs*c;gme am}. L:Lm:eﬁx aupca»w which oo ‘1‘@3}30}?{1 o Ctghlee

- AL an amealing bempow vtum of Gﬁf)%. the Lums cc:::t*mpzpaml:.n& {m Gudly and

Cupdly, aye of low :i,nisenm;&y whilra thoge m:sbma@amiw Lo the & golid

gmm%im are gxt}:::mg.

goine an L}mﬁ Obm,z.u@& I:iy depe‘;sfa.z. Slng

\:4.1-9‘""0.

Phe c3t1‘u¢uum is bslmvmi %o be almost exactly the

aluniniun (:ani,ea- a c*-;apg:)er barget al
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Fic. ZIl; PHOTO MICROGRAPH OF ALUMINIUM DEPOSITED
ONTO A COPPER TARGET HEATED TO 385%.
UNETCHED. n HOC.



5 wlll be geen thob the lowest (omperatuve ab whilch compound
formabion ie observed Lg of the pamo order an thab ab which 40 Lo fiveb
thrm& in amesled pouder compacts. - Tho bine :axat;v,:d:mcl;, howevery has boen
very much :é:sdu.cecis

6 mey be montloned heva bhab, under conditlons similar to this
dagh Invepbigatlon, ‘é‘l’alcﬁlm.shi and TEillas(48) have ail:ma found Culls to bha
the Rival compound 1o {orie

Met 0 Llographlic gections havo baen made from Bomé oi the coppey
compaels on vhilch _alw:g:l.smgs; hap been deposdbcds A “t-yg.;ical paction ls shown
dn Fige 21 wirich ;i,; bhe cmsamoemm of a eompaci hea,uezd o 3859 ofore
the deposltion of aluminlun vapours 'I.‘ha white £iln soon on the mwface of
the. ﬁupi:»m* conbeingy occording wo X-roy daba, aluninlumy Culls and Giplles
It will bc: ueen how i h:as folloved the contours t)i? '“I;hea coppor éurf:;me
oxachbly and ponetrated into canpsmaulml:,r doop pr).mm |

Thig epocluen wap exanined unclmé polariecd ligh i.,. Parbial
oxtin cbicm was observed dn a nAFToY ‘i:mml of thae c:‘!egs lbaa 1&31:,; s noxd to the
coppers  The band appen wod 4o vaxy bebyeen hedng a..mc).,,u o J.zmt and vexy
saiighﬁly exbincte  No definite gralns weve poeny and 44" Lg thought that
the £llm wag. cmmoaud of randomly oricm.a.oed mleroe crysbols go proventing
complote exblnction fvom being observade Due to the diffvse appearance
of %;h.h nAYEOw bands &% wap nob possible to photograph 1t under polaviged
1lghte

L6 would appeaw, *i':ahex:e:a?o:‘ms that by bthe use of vacuwm deposliion
tochnigues conpound formobion can occur A% much lowey Hempereitiraes and in

ruch shorbor blmes than has been obncrved in either of the methods involving




¥6a

Hhe wge of poupregsed powderHe
I wos nob possible to underteke o complote gurvey of the

weaebiong eeuvring in the ;‘i,fx*enw&lmnmiuﬁi' gysben, uging this technigue, bub
indtiel results have shoun that if bhe bemperalurs of the iron bavgeb is
below 250 no rméi:.:‘m:a ui‘h i;ﬂkf’a plage d?;l’,&“";?-,ﬁg- the Lime of c@am;ﬁ.ﬁic‘}n.
Hovevey, whon the btompeveture of the tavgeb wap valped 4o 350% &b wves
Pound 'i,ha*i; the :L:ims c;cmf;aszpm;{;‘i:;ng bo é:?,u‘i.m%,n:%uig h&zﬁe ?::a‘mw veplaaod by thoso
of Feublg alvhough of weal inbensitye T4 should be nobed that no Felly
wag prosend in bthis specimote The colour _é._f he doposited film els
undoryent o caizea‘jﬂgag héiz:g sﬁ.;m}%é:r gray whon g‘q*@gpscgmi oF ezltémiuima and dark
grey xa.:fmx compound formation ﬁad cac_’séufrc;@_. |

Tt would hus eppesy that the reacblons toking place heves ave
ﬁgéin similaﬁ_to&ﬁﬁ$$¢ in sundaled gompacs: modeo fr@mghixé&-pawdarsg“ﬁha
onky fiifsecmem asoening Go ha'f.;m’"i}}m Eaﬂ}@é of ré&éjﬁéimiia

The mebhod x:::i?".’ﬁpae:lmmi preporatilon and the moans éf‘ifai&;;;w:lng bhe
gourgd of the weactlon do nob, iﬁ%’x@*&éﬁt}ra » appear bo affecs the reactlon

tolking placey though they may affcel the gpeed of the wreachlone




| CHAPTER Vs

DISCUSSION OF  RuSULIS.
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8.

DISCUSSLON OF RESULISY

N L

The pesgulba obbalned dn the vevlous aystons fuvostlgated hive
boon sunmardsced in Tablo ZVIIX vhich algo conbaiuns soue dabn rolabing

{0 the phapes Forncds |

i

3,

¥ can bo- geen that o corvelation ondato 'bcéi:-ta_n;:cm ‘she heab ovolution
and the head of formation of the compounds  When bhe hdat of formabion

_ ' ' , .
45 ot as In tho capo of (ufn, tho heah evolublon is alus lowd CGonversoly
when the heat of s.?j:s:mu;czicﬁ Sg liigh ‘E';lm"‘a‘;:;faaxg*wa hent change is high
(as in WiAL)e '.Vc;si‘;s.a‘ often the gompound formed is that with the highest
heats of ;i?amaﬁipn‘ in the syelome  Slnilorly dn the mnajority of casep
e compound Lormoed hag o .congruent wmolbing im:?."ﬁﬁ and ig stable to o
highoer Wm‘;;)er‘aa:in;;m i,?he?,u any 0?’ the ovher intermediato phoges in‘-l‘tﬁhe
gysbome  Howover, oll of thepe condibions mey nob be sabisfiod’ in the
gomo dyduma. -

I .u" Lavowepting to zm‘i;é_ *l;h.é'i; ln many capds the tomporatuse ab -
vidch the wesctdon cocurs lo epproximatoly hall the melting tomperoture
of the compound i"c}z*m@éié- If tho welue for Cuigy Lo disvegarded the
average veacbhlon bemperotire o 0«50 of the melbing tewperatures Ib
h{‘w been observed Iy (J,:?_;‘é.ml;l(f%%) that for wony alloys *bhc—; vouperatuve of
ordering Ls 008 or e85 of the solidus temperatuive of the alloy,

&

deponding whebher 1t lg o lsl or 1e3 alloys Since ordoring repregonis

the formabtlon of o compound from o random migture of aboms, thore nay

voll Lo gome signdiicance in ngrecmont between the observed reaction

tenperatire and the temporabure of ordevinge




7*9.; n

1% will bo seen thol mogt of the compomids Have falsly low

of 21/18

electron concenteatilongs  Thog $uwo compounds have. a »abiol

o

and o fiore & pabio of 8/2 vhile only twoy Cully and I‘&gﬁh have rabion
in oxcoss of Ry assuning dron to bave mevo valencys
The t“-}’iié:?zaé}tfazs:*es of the compounds foxmed sven 4o divide imbo two
‘clagseny body conbved cuble o A Twages and o complox stvucture which
e g;a@le;i;mi in gome way Go the Culldy glruchures 16 willl bo obsoprved thok
The struetures of high ;a;x;zﬁrzszi‘ca}i;_ryi goour dn gyebons of Jow eléstwoshomical
factor vhilo the comple s}i}s:@cs‘mre::; eacue In gyobenp of high cloctro~
- ghemieal ’i»‘zva.tiﬂi}f_:;nf “f"hl%zz Ty have Sone bearing on ';;hé fact vhot in the
xx.iczkalﬁécimmimma ssysﬁiami 5\35,&3.5; ﬁs i’mmm@ and nob }Ji‘i_élg ag one might
have expeciod by analogy i-r:?;i}ii"%}is,e _ otitior alvmdniu Eﬂ}ﬁ'ﬁﬁﬁéﬁgo
Y polut of inbevost arises fron the eopper-aluminiug Losulbsse
The :3.@'{-3@&;"" *é}e»zzgﬁ&iﬁzri}wm at which ‘Geﬁz}gmﬂé‘ fﬁ_‘ﬁﬁi&n m@i debaciod ciﬁx*i%zg
Bho dcaz_;:ﬁgsﬁ.ﬁimivc}f sluminiea onbo aopper wms 170% whdeh 4o the geme
ag the s bial bemperature ol :t?ﬁliéll Howat, Credl and Grangton(1s)
delesbed ,aempem:;d Formation izi the coppepesine gysten, vhile gbudylog
the sluboring of progsed compachy by Seray tochnlquese  In bobh eanog
o vexlpdﬁ:t;*’ ig in conbueh with & copper murfoco g0 Hhat an agreemont in
veacblon benperature 1 nob unoxpecteds |
' Jl"r:e hag- been nentionad a'ls;*eéu];&_iﬂ commection wibth %size vaowin
deposiblon experiments that there eppoered to be o very faint film of
éf:}ppté;* m&.t.é% golutdon oven iy afimpémw eupoped o aluniniua vopour
ab yoom temporabturd. This would svem to indicabe o very ligh mobility

of the aluminivm atons and of: the purface 'cappéay ationgs A8 hes bheen
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suggested in o muwbor of papers presented tecently ab & Symposium on
- pouder moballurgy(50) & high mebility of gurface abomy can be a very
A?.i:‘: 9 )

‘poucrful faclor in acceldrabing sintering rosebicns in nstal compachse

The mebhad of compoud ‘i‘é;x*zﬁa;i;-;%ﬂixt.fzieﬁ a&iuéiﬁ:l@:;&%z’fi.é deposlbed onbko
copper &% an olevabod "E;@zéxpeé:sgwhi@'a inay '1#8"'&11@'& zziimﬁiz}%,&zﬁ diffuses into
the ‘copper labtlee untll fhe mirSace Liyors reach Uho composition of
GuAly vhony provided the lomperaitve 1s bigh oncugh She sxothernic
- roactilon can comriontbs At Yoon béuperatvre only o fév aluniniun whons
con cnber the copper 1atbide bo form's solid solution while mosh ey
doporit gh tho muzfaces B

. Tron-this one iﬁi&‘giﬁ.ﬁ' p:éédié‘i‘.’ they dn zm;f of the obher gystomsy or
i coppev-aluninium under nermel anngsling conditionsy uherq he apour
' phage fe alisonty & plellar process wlght cocur Shrough murfece diffusion

ednglng the '%ﬁzﬁ# notals dnblmbely bogethor and volumo o fiusion over
extronely: shorl Cﬁ.ai:&mcéﬁﬂ&iﬁ.nwimg the exothernie reaction 30 COmMeNCo.
Theveadbor one or ‘z:s'z;.he;z* notal muet diffase through the layer of compound
already formed before further reachion can take placos

Since it de vory pogsibie thab for mody compounds the rate of

3

diffuglon of one consbiluent element Ghrongh it g of the sene erder

ol the same fractlon of the relting podnt of the comptund, the faah thob

the rescbdon bemperntiwe yng approximately hali bhe moliéins témperature
1 the compound formod may be ospleineds  Au the melbiasg podnt of a

Caompouwnd fncreases Lt ia 1o he eupocted that Gthe ghrength of the inter-

atanlce honding will dncreases  With sbronzer inboratomiec bonding tho

pate of diffusion of one of the consbituent clemeitba through the
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mmpu&ml ey iafa imz‘m bhan .z.i.r woulkd- m ummwh onobher lover welbing
cam@{:rm},d in 'Qha r‘ya;nem alb uhe ﬁsma HEnpoco e fh;;.gs would bond o
favour the ;E’o:::*maﬁwzz and gf,wmb. of 'a}m lotror maiﬁiﬁgc‘o’mpamzdo
i .LG poasible thad bhe' aaul reblon energy nodogeary bo Lorm o

compound Lrom A ’elém@nﬁa varios hebwoon difi‘éi*m& comporndg in any
;afy'm*%:zemg and A8 Shis bo eo then the most sbable compuund may be formed
in a rend bicm vmmi.. ring an aclivabion enevay i-:iﬁ-.eii ig éanfa;?_.dcambi;\;‘
gma' g than uha,u necegpary bo form ano Shop losa stable compounde

If there are o compoundsy c;ac,h c;:i‘ whieh dg of L‘@&iﬁ%ﬁ&lﬂbﬁﬁ plability

bt ons of ‘“iw:hiem 'i;_}:mf nowre s*i}:-zb;m; ;w;?a':;{uiim;%,a, h:?.ghm% am‘t}l‘i.?a'&iﬂn ORETEY )
then the lesp é‘&aﬁl@ coppound will he :ﬁ*c;:t:@mecl. However, the nore ‘phoble
mapmmi my auby mquemlv be enabled w o w1 by uhe h D.u uvalvad in the
indbial x'cm,m:m. ‘-J.‘Im. 8 vould e:qﬂmﬂ'.n uly a c:tsmpmmd o;i? comparamvely
low melt -..v.;.na, ;pmm 2 dow lma. o fz:s‘;;ﬁrt&ﬁimg and eompiéxf a‘é’:’mc‘bﬁra nay
| form in cz,:'l"ba.ln aysmms. | v_.iin 'i‘;haéaé gyotony as hap been sald the electra~
‘cha:n\zicml factor is high go iihzzz'b in the eomplex sbructures 1% iy o he
expoctod bhat there will be gome dogree of cwa].e;raj'z bondings  Thig

will probably result in bhose compouwnds reguirdng a lower activatilon
energy bhan 9‘&3‘1&#{3 with o true metallic latblce of high symnetove

It will be remenbered that dn the coppersaluminium gysten Cughl,
22 A

forms ot on eavly siage in the reacbions and persiste durlng most of
the gintoring procosss T4 had been thought possible from ¢ congldopw
;a'i':imz of the copper~zine and nlckel~mine resulbs and feom o pludy of

he eappmmamrﬁmm diagran ohaﬁ this compound might well bo the fireb

'

to formy as ibs gbobility alzgneaewed G0 be highe The reason why Cully,

;
L




EUM ch ag:sptam%:a to %:m .1.(3 63 @-Lm @y .:..m me Livret woy be Lhm the ,e'i;:i@%‘;zipﬁ
enearg;;r rogu ired m }rz:»s g uhm mz;* he £ o:cmamicm m:‘ Cu;;l‘sh; Ii this be
80 1k m.f.{Jh L‘aa oznzp@weé i&mu (Azz-,Ala' mu.,e:i be mmb} eé o Torm by the heat ‘
ewivml z.m:vlnp bba :?.*‘9,3 ixﬁwl rmcvlﬂn o i:a;i' g pap,z,ﬁ{g vhe amealing bompors
wwture plig hbdys Due o, s?.i,sx h_ig}a. o ing 1‘}0 .,n*iz sha e te of diffusion
o.s. aiumaiwa bharough 16 may he omnpwm WGJJ lm: Lhiﬂhu along with itg
b&lltyq tmu.}.::s chmu i@r .bm perglebence in naw-oqmlabs.u.m condibiong

oven aftep pr mmwlmo* bimeg a*i.. :i?am‘i;y w,gh uc,mmrfxmrem

I}ammw 'L}ms m&&%g m@ r*ww “\3. tmsa *me,xlﬁma vae been nade
a‘%mvu "{,hca e:{pum‘mm%ai, mebhods ngods K*ﬁ:» hﬁ he‘::@n ‘:aazan “i;izzzr, in auy
yﬁ*&en ’iﬁm magn:t,hucm of the eihernde almmﬁ ohfsmwad in differential
ﬁhermal ez.mlymn m.ﬁm B0 & maxds aar ab :mc wnpamblmh Wath the
exc@p%;mn of the cc}ppzazwszmmzmm- sypben G m.s m:zmmlm coeuey ab the
a&m_g:t:éiﬁﬂ.m a:;. the compound *:-:lri@slg formg Tlrgbs as confivmed by X=~vay
investigabione |

In the cege of the eeppwmlummum ayeten .1;3 has been sugzesbod
that the immﬁim a:f & llqu phopsd, which can occur al about bhe
“i;empemtuzfe of the macrbim; m&y. affect the amemwci megnitude of i,he
resetions | in the eagp@rvzmgmaium syobon a Liquid phase is found ab
a temperature wfei?y' near 4o 'L}wu b which the heab change ocours .in
gddforonbial thormel analyalde Zi'r}. this oysten, howover, bthe oxobhormic
veaetion s small and the 'isaxnpewa.tuxfa of the szzea:z.m@n doop 1ot »ipe

high enough for liquid phape Lormation bo intorfores
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As can be seon by the grophs such op thet in Fige lﬂ » the
magmmﬁe of the ex m’}ha:ma reactlon appenys to vary uniformly with
change in compogitlons I the graphs be extropolatod Hill the megaitude
iy movoy 1t can be seen. thai the c@;np;mﬂ;bim at which this occurs varios
from powo for iron-nluninium o 20 ate povcont for copper-sluniniume.
Qepay eiiu*%sa have shoun mm the qoniities of the two m@unla Fepnining
‘Faf.’ Lor an @m%hc:mic maeb’m vayy from gygbem m gyoteons: In pome
- gyoboms none con bo amﬁewmﬁ ul ile in obhers comparatively large
quantitliep can ho observeds

Ol m.emly 1% would o of eumidemble ‘xrszlucs to b@ able to ealeulato
dn m;y given ctm;gazmb the quanbity of compound formed dm*:mrf the exother~
i}z;:ié‘ L;imnge. Thig has bem done for & numbop of imnmalmnis.iwn

pcemram. |

The main twl‘f.muiby in nh@ c*‘f': eulablon is that quring the

exobhormie cshanga 'ﬁh@ gompaat :i.s_i ,Jggs;:z,ng he&a‘i; hy méisﬁ*sicrn and conductlone
Thus $he cbserved maximm in the differentiel thermocouplo g not a druo
maximumy bhough &b is quito sulbable for compardgon with other
spocimende | ) _ ‘ _

One of the graphs obloined, thet for a 547 AL compact, is showm
in Fige % hpplying Newton's Lew of c*c,pal:inqu“i}ha secbion of tho
evrvo 0D may be acauraum,y ;:zrc::dm b@d. It is not iyoseibleg, howevery.
to apply thils law o the porbion BeCe - Ao the temperaturve of tho
~specimon fa contiauously zlﬁia[g, due %o what is8 in offect a conbimious
lhe-:*m, .mpm H it wvould be necogsary Uo divide this portion for tho

purpeﬁea of galeulation dnto many stops of instontoncous heab inibs
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80 anaﬁlizzg Newbon's Low to be applicde G_wing %o thoe . exporimontal
did i‘ﬁ,czz,lﬁieg :?.nvol%edi therg ave dnpufficient obgerved polubs on thip
porbion of the curve to allow thls %o be doncs It hop besn neccssaryy
is}la:ﬁeffém s b0 use a nove empirical method of epleulabing the heat logs
over bho porbion BiCe of the curvos

It hos boon acesumed hat ad auy bompereiure the vete of heat
dosp ig bhe smﬁe_g whother the tenperature of the gpeeimon be vising
or Dallings Thizg Sho average rate of head lops when the temperature
of the »sspégiraa:n rigea theough a gi.vég inberval will be the seame as when
the tenporatiivre i‘&ll& i}l'ai*ongh the some dnborvals |

Fyom ‘bh;.a u:lmcs taken for the specimen to cool from G 4o D an
" ovorage rato of cooling can bo deriveds Uplug ’isms valug ond the
tinme taken for tho i;e}mpsréﬁﬁxe off the speeinen to rise from B Lo Gy
1% e ;30;:91?35.@‘ w c&lmmﬁa the i;h@axe*ticai 'i:.teﬁ;pamimm which would
have heon za;i}‘hain&ﬁ 5.1;). %.aheu abgones ai‘ any coml;‘i.z;ﬁ ic:;ssaam.-; Uolng thig
theoretbicel maximun bempereture the quanblity esf"jimat avolved ag a |
ropult of the reaction can be calm‘l.lamd in 'ﬁ;%ztza normnl mannere

The maxlmanm guantity of heat which can bo liborated in any specimon

| can ho found by mtz,.‘}.*i:}iply:lng the heat of formatdon by the mole fraction
of the compound which ig thought %o be preé;cm'ﬁ; If one olemont
18 progent 1 a pwallor ameunt than in the gaﬁézcund, bhon the wliole
wolght of this metel Is considored bo rooet with gomo of the obhey
to forn a pmaller welght of compounds  This welght of compound i thon

ugad to find the molefractlon which theoretically may be formeds
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Slnce no publighed volue for the heud s:s:s‘* Formobd r;m of Fealls

could he. mum, ;m approximatlion was calowle heaé& m:sinu Nevmann and

Kapp— 8 ::ulea. :

wag ehatzlfml by caleulating the nolar hoabs of Tehlp. and Febly

in good *agrmm@m with the pm}.l is}h@aﬁ vleuc;g U’@rﬂ :::b’iamsd.

’=Tevzleulawa for I‘e:«g,&l, was 47 k. calf‘*/malo

. ;Lm application of. ﬁhe.mle o izza.@,;;:.mmalmninium sypben

Valueg

The value

"‘h@ auantily of ‘hoat evolwc}. m. a 604 AL mpmiram}, (dece, o uh.e

eompasiuinm of I‘&»A:LJ) aftoy ﬁMW’Lﬂ@ for. el :L:w losgas is 962.; of "i.:h&‘h

F

. bhaovet .r

» ecﬂzpleises

ally” posgibl e i.ndieauizw thist the reaction hog boon almosh

| alwadniwd J_.mcm* 8O mnﬁrming the. aalcula‘bed rosulie

TA“I%Liﬂ }‘CIX-

Gmmlmian of the anount of colL 1@ i‘ormaﬁmn_pesaible

An mey g;ha bG{”X‘E&JDh c}t“‘ Lhia rpaelnen mmwe& 1o iron or

in mrmxea Hs.r;maalmnium atloyce
} i ‘ : ] 'Q ‘“'-:L;\' F ) 1 N A. "r. daity
Gompogition .npeeiman @metﬂ.cal - Moxte! Colou= { Theorob
{Welghi bompoum Woe | Tempe ! lated | =ically .
| {(Nohaat | hoat possitile Retio
| | lons) jovol~ ! HLE.
N f,,; | o] o jutiond | calse
Fo AR} e 00 SCs o doolge 4 %
68 32| 195597 11,620 533 | 2,208 | 2,918 99
5L 48] w0073 (w,;i* 665 1 1,110 | 1,200 0245
46 sel 7.3062  7asoge | 7so. | 3,908 | 1,400 96
a2 58] 7.0600  Geadd . | 700 | 1,227 | 1,200 100
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. The various sheps in the ealoulation of the poreentoge weachlon
are ohown ;1:31 Table XIX along uﬁ‘i:hh \th.é ,em;'ms‘siacmdﬁ@g fignm;} for other
mm;pc: ﬁri.onss, mrm:a.ly 3 :7, 9925 AHA., .:87 AL, Theso éa@w .z.tmntx
11.@ on, ea.unhex- gide of the com;mssx.tmn o:L‘ Feg!!:ﬁ, ﬁh@ s,wm two mmmr
exdeny ;3.;*9;:1,! the. Q‘o,hpm exoess ulwn;m@;, It xr‘»‘ll ba geen f wom the
‘;f".azb;@é Bhat '&T!égfx:’tﬁ g’i‘c:zénm'isi@n 1g almoat complete as,: ff—.zx- ag sﬁoichmmc‘aﬁrﬁ.e
nrczparw.mm 'pér'ma‘."‘w “Ag’ a roemlu of hhlm &% would ba oxpected thh
= the heab ovolubtlon: f'ncmj,a wany' regmlm*ly with vhe composibion of Ghe
COMP ch m % resmh a. ﬁm::?,mm ab the eampms?.t.mn oF t}m conpouind bainw

' mme&. 'ﬁ.,,.‘zu xmu.td appear, bhemi‘ore, that one is jus'umi‘:s,ad: in accepbing

| *t;hc ‘@Emlua of Lim vari% graphs of mmmﬁud@ oF 1;éaet.:ldn againgt
:cc:mpc?si‘ai@n. |
\' ?Eiesmie 1 ma made earlicr of ﬁhee speed of %11& peaobion during

depéﬁiﬁion m’;‘ amn:i.-mtim onte’ éalépe:?- In ‘islat:! gyaten cc;pper-*élmﬁirﬁm
for idam;:?.{ml conpacts the 'ﬁém’p@fﬁtmﬁe of céam;mmci formation con ho
lavered by longbly amwélinéaf | This differential thermal analysls
“4ndieates that the feaction ig m‘egsiﬁ ropid ab 4609G; bubt by ennesling
a gimiler compadt st 400°C. for o days sompound formation dan be
detoateds liewever s by depopiting eluminium vepour onto o copper
conpast haaﬁeeil. wa 170 3 appreciable 'aé}fﬂpemiﬁ; foruation can ig“@ dotected
afbet ¥ ndnubos S o

It hos already been mcm*uiai;ed that "bl}iﬂ g due in part to the

l“ Sa

.t.iflcre‘%ﬂ&ﬂ. mobility of the almm.mim abombe  Treaitment a.i.‘ thé copper
Gmpac,ﬁ by hydmg@n‘ inmediabely pri@r to depogition of alm:lniiﬁn

tfmxlrl;v_reﬁmve puyy adserbed, or aamba,ned layer of {)‘\{3}‘{3@,&1 and probably




" 8%,

;furﬁﬁar inﬁéeaaetﬁﬁé mobiliﬁ&'cf ﬁﬁé é@ppém aﬁﬁﬁag éélpéééibly Loworing
the Somporoture of Ghe initdial reaction etill furbhers -
| Ify albor ciépé.‘:‘;;ﬁ:‘i}inghiumirﬁmn (}n‘tﬁn ééppéz* c.mp&et m. foon
bonporature, the wholo be airealed, compeund formation can be detected
after 1 hotiz ab éﬂﬁnﬁ; | Tﬁe‘g&aaﬁ rad&éﬁiﬁﬁ’im.ﬁima céﬁp§raﬁ’ﬁiﬁh-the
normel. compact s due Lo bhe inercaged contach arca bBetweon the eluinitn
and wpﬁmf .ié,nﬂ"td the absente of ;il»sm‘fac@ £ilm of oxide on the aluminium

partilelone
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CHAPTER. VIs

GENERAL SUMAIION AND GONCLUSIONSs
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GRNERAL_SUMUATION AUD GONGLUSIONS.

T4 lm;:;. "baen. shown that d,auffe:c'@mial Lhn:ma’t, amlysis ig &
rr:c}.}.abla me%;haci of invca,;t.l gating a.ny pemi‘b @ compound  formation in an
a.n.harme'bmllic; gy&*&;emw;:zggmﬁa& thal any exothermic reactlon occurring
doeg not coxrxy the mgm bomperature above the liquidus of the systome

Kwpey analyaié is rﬁ.—:qu:trecl to identify bthe parbiculay compound

orped by the. azcaéhemw rmemm. For vhis purpose spocimens may he
pwz»a,rcad bfy *nmcahngf m; e.‘l.eam acl t@n;ﬁél'ablmas or by dapowlxﬁ ng one netal
onbo *i;ha mwzi‘a@e, of oh@ a%bar,, A ezleavmmd e}inp@:xjmmma. Thie lobtior
":ﬁiéﬁgaméi:'my iﬁ some fz,&ss@g yield more definite iixf@;*ﬁirb@nfﬁhaﬂ Hhe "mc'::ﬁ'ta
ugual ;;a,mxealing; nethody ao happened in the irowaluminiun sysnbtoms

I is nob posadble ab this ai‘-agaw -foreaaat canclu sivoly

ém:misly\ t_-sﬁiah fi%lﬁ?gpéllﬂ{i will o £ived 4n any given systeme  In peneral
5 will b2 the compound wiah thie hdghost gbabilily 't:ﬁ';’i@h will usaally Lo
Andicabed by a h;i.é;h, congrubnd nelbing pointy a Mafla b:ae.z ﬁi{.’ formabion
and & simple cuyg iﬂl giruoture of high symuotrye

Toyaver, ».:m corbain e;y;'s‘éama bhere nay be another scﬁmpmﬁ@ vhich, .
though 1t 4p of lower sbabililys requires a lower acblvation onevgy Fop
:E‘i:s i‘dﬁ*m‘i}ién, In "‘ﬁ'}z:’is}s eage the most gbable compound will nob bo formed
““il‘ﬁm though it nay appear durlag the sinbeoring réaﬂ;aﬁim :md gubsemuently

remain in nonmequidibedon conditions for long peviods m%;:’-;;é:bmaa _
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