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ABSl]R.dCT

In the systen ,A.g-In the isotjrer:rual phase tralsfo-¡-.¡la,¿i_oti at
^.^o^287-c cl-alned p¡.evj-ousl-y by l,Ieibl<e and Eggers does not e:,-ist" irieta-

st,ability of the 1*phase and the indiurn-phâ.se a.'c l.ooìr¿ tenlperature is
persist,eut" The bou:rclaries of the inl',er^i,recliate phases havc been r"ede*

-Leriniiied" At r,con ternperature the equilibi'ium ,¡-pha.se(her:agorial)e>lists

betr¡een 71 .0 ancl Jj"j vrt'o per eent silver, ârrd has the ce:ì-l- dlïienslons
o

a = ?,)6r + 0.002 À, e = 4.778 + 0"001. l" At 1tz5o and Ïrigher. teirLperaturos

the y-phase region ei:teircls to hígher. indiuri eoncentrat,ions ¡rarr given

by Vlei-ì:ke ancì Eggerso The order'*clisor.der. tr"ansfo:rrLation of the 1,-phase

posfulatecì 'b;r fie1.-1-lle:. .loe s not, exisi" The y-pìrase urrcìergoes a ne.batec,¿ic

phase*r'eact,i.ci'l a't ?O50 C,

Ât hig;h ternperature s 1;he liquicìus 1i-cs appro:.iirrra.teJ-y 6oC higher

thû.n 'l.]rat deteri;iined by ],,IeÍ-bke ancl rggers"

At roolil 'ceniper"a't.ui'e ilie ( -phase exis-Ls betrn'een 67"5 -to 65"0

per ceut sit.-Lvero A'L these eornpcsÍ.t,i-ons tlle cu'r-¡i.c ce1-1- edges of the Ç -O6
pl-ra.se are a = 9.878 ,' 0,0C/-!.4, a = 9.BBZ.t 0.004 À respecti_r,e1y. The

f/Q 'r € ) bourcl¿i"y has'been reclc;tern-i.irecl and er>:tondecl. The or.e'er..di,sorcier

transfor¡iutioir of i'.he ( --pl:rase clairnecl by l.teiblce a.ucl Eggors does not ex:is,;t,"

Ths hea-i; effec-Ls a.scriberi 't,o this transfor"niation l"rerc; sho',,nr to be due to

Y ..*'> € o

A ne"l û'1 phaso is elailneC'Lo e;list at appro>liniat.ely 7]"8:.rto Ðor-.

cen{. s'ìl-ver" ft is forr¡ed b}'a peri.1:,ect,oid phase reacLion at 187oC" fn

the o-î-phaso'the silr¡er ¿tt-.o¡lts occr.Ì'r)y the face".cen'Leì,ed positioirs aiirl the



indir¡n atoms the eorner positions of the eubie lattiee. The intensities
of diffracti-on li-nes were ealculated using sueh e model, and were o,ualitative*

1y in good agreemont r^rith the observed intensities of the ol-phase. The

cel1 edge of the o!-phase is 4,1i+4 + 0.004 I "t "oor,l 
temperature which is

the same witbin experimental eruor as that of the o-phase"

rndieations are that the Ø-phase has a eomposltion of a few

tenths of a per eent sil-ver higher than that given by AgrÏn.

A new phase diagram of the system Ag-rn was construeted.

fn the ternary systern Al-In-Ago a mrmber of a].loys were examinod

and a room-temperature isotherrnal seetion i^ras eonstrueted. Isothermal

seetions r+ere also construeted at 143oC and 148oC" A room temperature

section giving the region of metastability in the ternary system lres cor-

struetedo Three Vertical Seetions were obtained. by D.T"A" showing that

lnvarj-ant phase-transfoymations oceur at 143oC (ternary eutectle)u 14BoC,

2o5oc, 24]oCu 5o6oC; the latter ere ternary perltectie transfor.rnations"

The high tenperature p-phase of the binaries Ag-A1o and Ag-rn forrns a

single-phase region ln the terrrary system, i"e" the two binary phases

AsrÂl (F) ana AerIn (Ê) are niseible in all proportions formi¡rg a single

phase.

some evidenee indieates that the p -lhase of the system Ag-A1

of the p-Manganese typeu but is prirnitive eubic with a eerl edse
o

4"051 A. Further rvork j-s requi-red on this poi.nt.

1s not

ofa=
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l-

INTRODUCî,ION

Befor"e an)¡ rÌ1easrlre¡neirts can be rnade of pa.r,cicular pioper".t,ies of
individu-al a-l-loy ohe-ses the re-:rige of Ìromogerroi-'ty'oí,- phas.:s r,rust be es.'

tablisbecl as a funcbion of co:npositjon and ternper.a.t,ure. In theo:.etícal
cìiscussions, ï'efer'ence is usue.lry first niade to the sta.oil.ity of phases"

Thusu dÍi:ect-l-;' or ir:cirectl¡ro equilibri,:rrr phase-cliagr.ans of aì-loys are of
fuilclanental inrpoÏt,anceG Although a nurnber. of ,rrulos'r hð.ve been est¿rbtished
r'¡ìrich can 'rpreclj-c'L' to solle extelrt theoccur]:ence of cer-L¿i-n pliaseso no

complcte theor:y' of' al)-oys e>lists r,¡h:ich r,roulcl make the constr=uctioyl ci,f pha.se-

diaglans a pnreJ-}r thc-ol'etj-ca1 proble:n. rt is coirceirr¿b-Le that rrith prcsent.-
day trigh-speed elcct,r'or:ic cornput,els the penLÍ-nent dj-ffeir"i;n.b,ial- erqr::L-L,i.o:rs,

b¿sec on thc ltitol^rrr l.a'irs of quantr:rn reehanics, couliÌ be solvecì fo:l ¿,.1¡ all-o;,
sysLerno bu't u no stt'uctu,re of a ccrnpcu¡d of erry contpl exi-i-y Ì,ras bee¡ p:rc-
dícteC sucücssft:11y0 s.s ¡rsf o on the basis olî a.t;¿,mic p".,rramet+i"s a.nd qua.¡t.u.n

¡ioelu.nicso -l.et ¿.loiie a eo:r,plete phase cliagrain" The r:oirstr.lrr:t-ion cf, ¡:h;.ser_

diagr.;:'s is s'l,iÌ1. 1:,.r.geIy cìopcncìent o' ex1_reL:Í:rru.ïrto



TiìE ¡lATiJiìE 0F Ti,iE pROFt,Br,Í

The object of the

equilibriu;,r phe se-"Ciagiatn of

cleterniirro to so:'re er:tent the

fncì iu¡n*Al-¡¡ri'i ¡ir;-r¡ o

present invesli6;o.ticn r.ras to establisÌ: the

the sr;v"s'Lenr Sih¡er.-.Indiu¡r in'¿etai:-o an,:ì to
phaso*dÌagrarn of the ternaiy systein Silver,-

'A'ltìrough the sysLe¡n silver-Tndiu'rl has been stu..lied prcviously
(zg,3o,6J-) tt]* fi-nrlj-ngs c¡¡ntrarJict each ol,lier.-i;o a consicìerablo cìegree i.n

. 
tlrc corrtpcsi-Liori Y'Ð.11g€, af 23*l+o r+t. por cei'i'l. incliun. Both publisiiccl phase

diagrarrlsi;hich ârû lepïoduced irr Figs. I a¡d 2, sho,rr sc¡iri.r c¿:rflic-L rr¡ith
1'1:hase 1"i1.-l-erro Except f'or the tc-rri.iiri¿ì o..,pha.srl o the bourrì¿rrj_os oi the
interrneCi.ii.'l,o phases rArûJ:e not establ-ished i.ii.il.r al¡r â.crcu,ïåcJz. The clther tr.¡o
eorrt-i.8uorìs '[:Í-Üaiy systerns, 't.tlu.¡r.iniu:n-.Sj,-lveril aild ,rfr:rjiu:rr",Si_lver,,,. aÍe
consicìered 'co be ,.'rc11 e¡;Labli.she,j" In pai,ti.cuLa:eo tlie 1e:s; 4p¡1,"11-ex s).sten,
'rr\h¡nilli]¡rii*sJ--Lver'r, Ìias been extensi-vely 5-nvcst,i.giri,c;cl irr tlre past by 

'ra*¡/
pooplco as discti¡;s;ed u:rcler' 'rThe Bi-nary Systen Al,rllrr:iniu-i;r.^Sj-l-1e1",r" 4.n

i't:vestigatíon of a Ì,ernary' syst,enrn is obviousJ-.;z riicre l-a.boi-ious ¿ilicl tj-ne
coirsuini-ng" LJnclersta-ndabl;ro a cJeta.iled invesL,j.gat,ion r¡f the ter.na:ry systenr

r^¡a's not possible lt'itliin the glven Line" Tdith respec.i- to the te:-n¿r=y sys,renr

rn;r ¿i-'r'ras t.o establ:ish a ter'ary o.i_a.gra.ra of a genei"¿il rl,"f.ul"e.

sys'i:erna{:ic nothcils ca.n be used to deterrn-inr; a conipiofe iernar5,
phase dia¡;:;=arri: the 'ri,sofheÏrna1 sesfi.e¡rr r,iet,hod arrcl ilre rvertic¿l scct,i-orr'l

rnetiiocjo r',-i--th,thr; -r-¡'i,rer rnci:hocr -being 
piecrorr-rine?rtJ.;r ¡ss.¡ in the p¡escnt, in_\

vesti¿1a'[,ion. I'Jot all ph:lsc bcuncl¿r.ries cou._l-cl be basecì d1rcóll-¡, otr exper..!._

rrie¡lÌ;al da.'t.mo bu'L l- dedu.c,,:cl thern'lt¡, appl-¡ri,:rg thc:ri:l:rrse l.it.ì eu. ancJ in-lcr.i:;c.ìat_

irig avaiiatrlc, cx1;lr:ir,ient,^r1 clala..
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Fig. 1. The Íjys;teìn Ag*frl

by i.Ieibke aniì lggers (61)
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2o The S¡'sfeur Ag-fn

by Hellner (30)



, .A eoraplicatioir l.iÌ-rieh is usuall_1, eneouit.Lel.üd to soine degree in
phase"equi-ì-ibria' sLridies is tiietastabilit,y" fn the plesent investigatiori
ihi q rrho-^:rêi1^)a r.r¡r ¡ ¡--.*{.-i ^..1 ..--l --þ¡:¿u Prrelrw¡;ri::rvrl i+as Þart,icula:."ly peÍsistci:1. i.:-ithin a ce¡:t¿ij.n cci;nposition

reÏìgeu at lowe:" tenper"a'c,tLj:eso due 'Le 1u'ne prÕsence c¡f relatively lor,r tr¿-rrs.-

forr'ts't:ion t,eütpora-tu,1'es i:r this systen" f'ú r^¡as eppåren.L ilrat equilibriurn
could not be es'Labl-i-sÌìed r'{thil,a reåüorr¿rble lerrgbh of ti-¡ne, I ro¡,lizecl
that tlie pl:esencê of a lnetastable phase in aclcli.tlon ta ihe stabl-e pl1as,3s in
a tertia--r-y systelri i.roul_d )¡i_elct very cjc,arll_o>: x_ra¡, cliffractic,rr pat.Lei.ns liltich
ruould be very difiicul-t to inte::pret u¡r:nbiguousl-y. I{¿ rvas fo¡.'this re&soïl

that I clicl not u'se -Lhe latt.er nethcd of i.cle¡iti.fyj-ng pliases in the terrra.ry
syst'ein' Phgt'or'rierogra'phy cn tire othcr t nn¿ *oofd be used to iclen-Lif¡r phases

in the'l"er"nary systenio beea¡:se:i-'b r.;as fou:'rrl tha.t'bhe ctchi'g col-o*i:s of the
dif-ferent phases establ-:ished fo¡. ilr.-: birra::y s)rstcns r,reïe pïaetj-c¿l-t_ir .Uhe

sa-rne iir the te:,:'nari¡ slst.erno .

To a l-i'rilj'ted e>l'¿ento the teri:ary syst,ev,i 'r¡\-l.uinj-niu.rii*.Jncliuln-sj-lrrer"

has been inves;'cigatecì prevlousl.¡r. Car:i.obell ancì\.fagenarrrt ( 72) deteri.¡i:îi.red the
ternary "niseibiJ-i.ty gair'r ;rrrd the liqr:,i.dus ( Zl), Excopt fo:r thj-s r¿orli the
terriary sys'Lem has recei\¡ed no fui-tìrer atteirti-on"
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pc'ssible in p¡j-ncjr-P-le to construct v¿riou,s phase bound¿rr-ies by 1n-Legrati¡g
"2wi-l;h lespec'û to tonrperature, To do this thc functioirs .{{r,
L) t,) a¡:.1 A tr nust

be ÌíÌ'lcI'¡n e:xp1-icit3-y in ter"ns of ternpëïetu'-l.è arrC conposj-tj-o:r e.nil t¡ris is
geriei'a.i1-y not the c.'rse o i',h.ere thoore'¿ical calcu1¿.t:i.olrs of e qili.1-ibr.j-u.n

curves have been nrl.cle apprcxi:natj.oäs have been intl"oCuced" The nost. c¿,¡rrl-

r,tonl-y rnade ap1:roxiri'rat,loirs al:e: cn¡; eorripci-:ent being only sp:ringl-y or rrot

at ¿11 sol-ublo in a pliaso; consi-cleration of clilute regioirs only; A¡ i"
tr.eat,ed- as independeir-b of temper.a.tu.re irr the 1.¿nge of in-Legratj-r¡ii; iCoal

behav'iour, :toeo ¿- "o r ñm t- Èt =F, * RT l:¿t X. for one Ò" bo'bìr co,irpc::er¡ts; uircì trt¡icrrted

Taylor expansicns for[n ana Fi i. 'Lei'r,is of cciiÌ,oositio¡r" ilith such

approx:-rnation..; VåÏlous for-¡;ul-ae of li:nil:ed. appl.ica,bllity arc ot¡t¿riircd r+hich

are usefuJ- provided ee-;"t¿--ìn st,ar.'c1ng pcints a-re Jírio.rûr, but rviric:h al.c cb*

vi-ously irot, v¿Iicl for the general case aii.l carïlot be usecl t,cr cal-crllate a

cotlplete plta,se dia.glarl r¡ithout :lesor.t to expr:r:ì.ì:itcrut , unless the systeür is an

e;<cept.i-eira11.y sr:nlple one aircl '11,¡el-1 behavecl" for' -bhe rtìrole coleeirtr"ati-oi.i

ï.-C ¡11611 o



B

Þlgrslu'.êl-4ppss+çþ

rn a bir¡ary sys-Lern of met,als 1r.A.'r and .rrBr each nieta'l riay be

capabl-.e of incorpcra-Li.oir in the le'Ltíce of the othei' ne.t,c-l inrt ersbitially
or by substitutiono to some ext,en-t r¿ithou.t struc,Lural change" The aIlo¡,
for:raed inthis l¡ay is callecl a terninal solid solutiono based oì1 ,rArror

rrBrro Ïlrteïstitig.l solutj-c,its calr be foiL-recl only l.rhen one a.toln ìs verl
niu-eh smaller thair the o'¿he:"" The snall a-r',oni r+hich is usual-l.y hydr.ogenn

borono nitrogetr or carbon fits in*¿o the avail-abi-e spaces in the lattice
rathei" than substituting for c¡{,her atoms olr l-attice sites" pai¡:s of
met¿.ls -n¡hj-ch have the s¿-xte crystal str.rlc.Lu:re rna¡r fc¡r¡Li ,¿ez,¡linal sal:ïcì s<l1*

ufiorr for. all concen-l-rations e"g" Au -,Ag, Cu _ pto Ni * }.irr. A pi.cre*
quisite for sueht,ot¿l rnutual. sol-ubili1,y to occur. is tha-L rr;1 rr ¿¡61 rrBrr

¡¡ius'L havo the salrie cryst,itl structure bti.'L other pr.,oper.i;ios ¡n¡,s.L bs coli:,.

pati-ble as r'¡ell such as having sirnil.a.r a.'boi,ric d:iam.:'Lers (usualt-y rrj-,uhj.¡

IJ:¡5) 
"

frl additi-on '¿o ',:he terrai.nal sol.icl soJ-u'bions there rnay be one or

rnore intennecJ:iate pliases for¡reclo v;-i,,th st:ructrires clj-ffer.errt'fr"oni i.hose of
tire pui'e coiapoiten'Ls. The cornpositioyr range of the interrnedia,ce phase r,ray

or rlay iro-l; ine-l-urlc 'bhe cor,rposilticrr A' Brn uith ,rrlrr and rrr,irr bei,ng srnall

integers aucìo the eoinposi-tions of the j-n1;elmecl.iete phases nay be colple¡e1y

¿-t v¿riance r^ri-l,Ìr cl-assical vå.lency rul-es. In ¡net¡¿l syst,ems the int.ernecliate

phases soine'tirnes ex:lst ovct= â ran€Íe of cornposi-'b:ì-o,r. Although.Lhe:e is fulrd¡¿-

menta-lI¡r no clifferûllco bet.i,l<;en ¡rhases having eithor rr'ide or i.estricted
vaii'Ì¿ltion :in cot,rposi'¿ion sonie r.¡r.iiót,s ï'esefve tÌre ,r:.ertn ,'j-nter-rnet¿rl-lic

cotttpou-rtd, for the -l,a.tt,eï.'case',.iheir the conposi'Li-on v::.:"iatj-on is j-ess.Lhen
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one etolüic pea celf-L 6

The probiein of predi-cting the resul.tan'l- structures and their
flelds of stabir-1ityn on purely theor"etica.l grourrcìso r.rhen tl¡o or ¡.r.'j:e coln*

ponetrts are riel-tecl togethcl has engaged the :ittentj-oir of a nunr,rrei, of
theol:et'ieians in the pasto but no compl-ete solu-tiorr Ìras been achieveciu

nainly beeau-se matry faeto¡s o'ete::rni.rre the structurs of a13oys soile of r.,,ìrich

are not fuJ-ly rrnder:stood 
"

A set of ernpÍ-rical ruf-es r.¡hich erpì-a.iired ancl 'precliet,ed.' to sorne

et'cent the cecur'reilce of celtair-r ph,:.ses in bi:rary al-Loy slzs,cems r,;¡.s ser,

for"t'h in the elasslcal- r¡crk of Hunie*F-othoïy (Z). He ste-.¿ecl g:a-t .Lhe oc*

cuffellce and st.abilitS' s-¡ a nrunber of phases eou-lcl be y,a.tionaLizecl in te::¡rs

of three facLors:

1) The r=ej-a,¿ive s:ize oí tho t-.r.;o atorirs (siz.e f¿Lctoi,).

2) The rel¿-tive el-ectronegiativi-ty of tlie tr.¡o atc;m:; (e-lectronegativity faetor)"
3) Thc val-eirco elec't.r.cil conccill;:¿r'Lion pcr atorn (voe.c") (tìro eJ_t:ctrorrj-c

\
TÐ.CLot: ) o

The eíÍlec1. c¡f atc¡iii:ic size on a.ll1-o;r foriiri¿tj-oir r+as or.igi.na.11y for:¡ril¡-1¿-¿"C as a
negatirre ru-Leu \ri-.rr r thg'b for:ratj_o;* of e:rt.ensirre,. bi:ra:.y substitu,¿ic,iis-1 solicl
sclut.j-ou is l:unitecl to eascs l.ijrere the clj_a.rnetei.s of the ¿toris of ihe t,.ro

rr'f;¿ls clo not diffe:r: by moro ri,iran J-ll.-å51r,,,,7" ce¡rt (6).

The s'ba1:i,.l-i:'cy ¿rirdc;ee.urrence of 2,. large iirr:-nbeï cf in{-,el,inldietc

¡rlrasesu thc rr-|",sy¿s;'r pbllscsn c.be l,.i-:.-:* cjot.eri,iilncc i:i,:i:,i¿.r,i-r-y by tl:c rcl-ir,¿iv.c

size> of l;hc: a'L¿'ns" Tlicse ph:.scs a'¡'s cìr¡r:r:¿lct.e::l-r:od by a ver¡r hir-g¡ caoi,cì-i¡le-
.1tioir nurrbevo 'LJ / on tlio ¿.\¡e?¡.t3eo Gct):,ìertricl.l_-l.y ¡iis cs¡::espnncls ,uo a
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det:se pa-cking of'sphores of unequal sizeu anC tìris requircs bc'ilr a ii¡i.L,ed

råìlge oí radius ratio *.Jg.- for ilre tr.;o speci.es as well- as a speei.fic

conlposi-Lion* "ABZ", r,'hero rtArr is the.larger atorn and r'll'r the s¡a,llei, ¿i.torno

ÎÌre j-deal::aclius ratlo for deirse packing for spìrer.es cf rt:eqnal size is;

I"225" Therrl¿rves'r pha.scs can have one of the fol1or,ri-rig s;'bructure types:
l'ígCua, (cu.l¡:ic) o \igLn2. (irexegonal) i.{g}li, (hexagonal). T}:ese three struc_

tu'i:es a¡e related by stacltiugs of double layers in thi-ee clifferent soqucncese

or: the¡r can be vier.red ¿.s con)iect,ed tetrahedra r,,,i.bir the ,tB,'atoins beÌng

lccated a.t the eÔï1lcl's c,f the totrahed.r"on ancl ,uhe large? rrAil atorn fi.t,tii:g
iirto tìre space ene1osed by tlre tetr¿+he;dr on" The three stru-ctu.res cliffeÏ
accÚ::cìing to the r'ra¡i in r'ùieh tbe tetz'¿.hedra ai,e collncctecîo b3r poiirtso e¿geso

basese or a rni>lture of these" The 'tl¿.ves.rrphases clo irr f¿.ct risuelly sgç,,, *
nerro-r.¡ horrogeniety rangeo trut r:ot ahra.ys. Thus ths r,¿rcl 1us r¿.tio of ,¿he

cÛtnponolits een frequentiy seï've as a st¿bili.ty eritericlr for. j.nto:rnecjlaic

phases es r'¡e11: rf.i,he Ïadiu-s ratic is r:ea::ly 1.2, ilre slect.¡..c¡üeg:r,t.:rvi.ties

of the ccitrpcnonts noar'l;' equal ancì ilrevoê.c*is 1.¿1¡in cer.ta:in _L:ì-lni_tso ai.t

intenriedie.te phasen .a 'Låvesrr phase, is raost likely to forrr," llhi.ch type
of 'rlavesrrpirase r','ilf. be for-¡iecl clepeirCs le.rgely on the,rel-ectyorric f¿¿ctor.,,

It is r'¡o11 ]<nc+¡l'r that the d.ia.ineter" oï r¿ldius of an elemerrt, as

given b)' the d.j-starrce cf closest app:'oach j.n the sol-:ïcì s-bate -,r-s not a

ccns'Lairl; c¡:,1;Libi.ty, llhe size of the e.torrr raay \r¿ì.1.)¡ cûltsj!-cl.er:ab].¡r -Jepc:rding 6n

the eJ"enen-b r.iith r^¡hicll ait a.1.1oy is for:ned. Fo-r: exâlÍìpl-eo the ator¿ic sj.zss

dofrt-rr,d:i¡ tc;rms cf -L¡e dis-i,a:ree of cl_ose;sl; a..oÞroach o-f the rnet,als pbn J-no

ancl- T-ì-, shoç a na::].tecì, cÌ:rrr¡ie ,,;jran all-c¡J¡ed r^¡iil: noble tuetals; r,cl.atir.¡e to the
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pui:(o rnctalse rt can be statecl'che.t in generar the ¿toriie s-ìze :i-ri the solid
state depeircls on the type of boncìingo ol'r the cc,ol.diira.tior-i rrunrber, and 

'nthe a-Loì?iic siz:e a'nci n.rture of the other. conpoiren.Lo rrr sp:ït,c of the rathoi,
àrbir-!ra:'y defi:rition of ¿torriie sizeu the ,rsize factor'ha.s been fou¡rd. to be
u*seful- ås a rough gu-ide rl,o the pcssible forrna,¿_:,_c,n of e::t,ensive so1,,-rd solu.-
tioir anc. -t'he sta.bilJ-ty of certei' i:i't,err,rccì:i¿¿te phasec."

J'D' Eshelby (r) calcr:.-l-atecì tire -l-Lmit of stabilit¡,6¡ ¿r solicl
sol-utic¡n i'n tor¡its of r"el¿-'bive size of the ¿.Loms on the ba-sis of a contin''rn
thecry of -Latt'i-ce d'efects and. sho,r+ed that the st,abilit)r li-rnit, i,s r"ea.checJ

r'¡Ìrcir the r"eLatjr-r¡e -siz:e exceecls 11+l -' 7.5'i. Thuso ,uhe ernpÍ-r,ical ,,size fac.t,orrl
originall-y pr'lposed t'y }Juno-Rothery does ]ra.rre sc¡le theoreti.cal ju-.s.t ificaticn 

"
I,Il'bh re:lerenre to ,¿he elee.lrolregatirii.b;. f¿rctor" ihe reasoning i:r

rtprerli-cting" 
ûr.-' r'ati-onaliziirg the existenee of i-r'L.e:rrred:ie.te phases aircl the

' existerioe of res'Lr::ic^Led pr,-irna::y solid. solutio¡r is as follor^rs: The r,iare
eJ-ectr"oFositive on'j colllponent ah,l the nlore olee-L-r-on,.egat:ive the otlrer, the
greater is the terrdency to form årrr inte¡,-recriate phase, colrveïsely the
prirna'y scl-i.d sol,u-t,i-o¡r r¿rrrge beeo:¡res no*e resty:ì.ctecl , The homoqenei,cy range
of'the ittte::nedi'¿ite nhase also bccolnes ì'rror.c resti.ictcd, t-,he rnor.e pLrte-1y

ionic the bondirrg of the :int,er¡ned.ia.'L,e phase l.,i'ilr the f.i-riri-t:ïr.rg case beins a

'rl-i.lre contpor::rd'r oï an rriirterrnet,al-l-ic 
coiriooLUrrìr'"

The elecr-r'onegetivi'ty faetoi: is of cc,ilr.se the p:.eclo:irj.ilan,i:

j-iivolved iir the foïrna'ti-on of icnic coirlpou.rrcs r,¡he;:'e ,che cÌiffere*ce í.
tr"oirege.tii¡j-ti¡ is su-ffícien.Ll_y gi:e;,.t tg pe::.irii_t e 

,t 
ect,r"o¡ trarrsfer frorr

netal ta the nor,*net¡¡..}.. uith redt¡-cti.oir of ericr-g;¡ in tìre systeri" This

fact,c¡:'

e-Lee-.,

th<:

t'.i-:r, e în-.v+Þ¡¡v:.vl 9
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toge'Lher with the interaction enorgy of the syster' of i6ns (coulorr,b or
Ì'fadel-ung enei'gy) o is pr-r:narily responsibre for- ,¿he fornatic¡n and s.t,ability
of the coirçourrd " A fe¿ture of these comÐou¡cj,s is tÌta.L, each icn j_s sur.rou.ncjed

t'o the r,iexi¡ruin extent possib-Le by ioris oí the opposite ch:rrge" The elec-
tr'oneBj¿'uj-vi.'ty f¿-ctor '"¡hich oper.a-Les in s-iu.ch a cl-ea_r. fa.shio¡ in the alkali-
halj-clesn is also inr''ol-r¡ec in a sirnilar l^ray i-n co:irpounds betr"reen meta-1.s" To

give only trro exatrtples, l'{gr.Pb and }Ígrsn shoi.¡ a sonler.rhat i.onic cha'acter.
rn this cåsee the ¡no::e elec'cropositive rnetal rna-gnesiurrr plays the r"ole crf

the catioh âlrcl leacl and tiir that of the ani onu r¡thile t::ansfer of charge is
not cornpì-ete there is no doubt tlia'L it occu.l's'Lo soile extelrt" Tlii:..s' ¡re
relat:ive elec-Lr-one¡iat,iviti-es 

'f atons carl i'dicate quatita.t.-i.veJ-}, r.¡Ìreilrer a

ne-"r phase is likel-y to fonn aird -t,ho nat,ure of the bcnding in the nei; phase.
The signi.ficarrce 3.s qu.alit,ative only.

The at'bcr¡rpt to define electronega.-bivi.r;y quantita.t,ir¡ely has
pro'Juced i¡r'che pa,cì: i;r^reirty years a l-ar.ge rrolur,e o.fl riteratuL:e .' t,he
su-bject, niuch of it cluc t,o the inheren'b l'ag;ueneÞs of the ccnc,ept" The

origÍ-na1 definiti-on by L" Paulíng (2): ,r'the por,.ier. of an a.tor,r :rr a *iol-ecule
to ¿'Lti:act electroirs tc itselfil is o.lrvious-ly orrl*;r a.. qualitatiye clefi.r.rit:j.6n
sj:ice the tei,ns in the cJefini-Lioir it,se.lf åïo va?j¿e. Only,ir+o eqrr.etior¡s

fT'oin ali'rc'i:g a clozen oT'lnore proposed foi. cal-cu-3-at:iirg oÎ estirna.tirrg cJ-ectro*
negatirrit'y values cf inclir¡i.clual atoms r.¡:i11 bc irì3i1iioi.led. L" pair-..1j-6g ( Z )
p::oposeC. the equatiion

| x^ .. x. [ - ,;atl'| ^ ,,!
r"''here "xr' ís the e-J-ec'i;rone¿;a-tív5-ty of tlie atoür jrnclica.Lerl by the sri¡scrint
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4n..1 I( is,a const-.ant (zf Ll\ if A is e>rplessed in envo ân.l A =
Da¡ - | 

(ourr)(nu,¡)ft/z r.¡Ìrere ,D,, stan,ls Íci:.. .Lhc respect,ive boirdL ¡lia "r, I
energies" Pauf-ingrs equation ¡neI-ds oirl-y- cìiffe::ences j.n electsonegaiivities"
1'o eo:npute inclividuel values, he a_::bitr.arily ass_i-gired X = Z"I Lo hy..ìroge¡"

]ì"-s" J'iu]li-ken (3) derived the equat,ioir x = | {r ,. A) f.r cal*
cul.ati-ng abso-'ì-u-te el-ec'Llonega.iivit,ies. rrf il ancl ,,O,, *lu ¡:e io;riz:ation
po'uential' and the el-sc,ü:i"or: affiniì:y respectively" Both equatiols are basecì

on the 'tv¿rlel:ce boncf i t¡ave func:tion descz,i.pti-on of a dj-a1-oriric no-l-ecule"

Pe'uling'rs el-ectrc'ilegat.ivit:ies are proportional- bub not eqlri1- to ühose of
l'iu]-'l.i.icen,, ancì the ti¡o seel-es diffe'in their= uni.Ls. pariringrs r:rirrbeïs aï.ú

in uilj--L,s of or:e-hal-f po'u.,er of one:rgy (e"v")l-/2 o,tlite jiul_l.j-lrenis v.¿-1ues are
it: enei'g1' units (e.rt") " PauJ-ingrs electro.iiegatÍvi-tÍ-es pros,.mably repre$eirt
evíì1'¿l3jos ovcr:t" 't'he l:ange of ì¡¿levrcc states e;:il:ì.bi.te¿ by Lhs cìi-ffe:rent elerrient,s-

i'lhilo Ì"ull-illelrrs v:ll-ues ¿,.::'e caIcula."ed rrÍt,h frrn ^n-l'rAil per.-Laini.ng to the
valence statc of the aton-in a part,icu.J.ar cor':inoui-rcl." lt j-s clear tliat.Lhe
eLectroirega"t ii¡ity of an ele¡tent j-s not a ccns-L¿¡.rrl; clue.ntity but ,ir1lJ- vary
i'úth the natu:'e of the vs.:!-once ¡ri;ate and tiris preserrts en acjcecl cJi:ific,lt¡r
l':hen appl-iccl to lile'tal.s and all-o¡rso since the classie¿-l vale'cies of ,¿ho

isol.ated ato¡r.s do nct si,i-ic-1ly. apiil-y i,ir su.eh ceses * i-n partir-:u1e.ro the
ecrür"cliil.e-'bio:1 irur'.'ber (n:-wber of l-roarest ne_ì.ghbou:,s) Ï:oars no rel.a.t,:ïon to
-Uhe valetlc)¡ ettlülu'L:'-ir1e to a.rr iscl¿.tecl a1.cm" lJever.tirel-ess, the conecirt

of electÏonogl:itirri-ty ca:r be u-sejlul-ly :rp1-rlÍ-ed tc rletalì-ic sy.stel:is iir a

o,ri¿.1-i.ta'L lve n¿iliner ú
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- The possibili-t)' of the occurrenee of r.ela'¿ed phases at si-ini1az,

values of varence el-ectr.on cohcentratj-on per atom (rroe"c.) in dj-ffer.en-b

a11oy s;ystems orig:inated jlron a s.[.udy of the g-phases (/) r.i]rig]-i r.;eye t]re

fir"s.t ínteyniecliate phases to be ca1led rrelect'on co,rpounds,, (B)" They ato

not conpor¡.irds in ilre chemical seirsei ilrey exist over a r+i.de range of cor*_

position anC they rniy exist only ín â nel'ro'úr ranse of temperature as for
exa.r4ple the dj-s_ordered ¡9-¡:hase of CuZn r¡hich exists on1¡, ¿.¡ high terape¡¿tnreo

Although the )12 voooc" is corrrnon enong the disorderccl bod¡, ssil¿erecl cubic
plraseso not all srich phases exlij-bit th_is ratio; IlrrNi ar'd l.Inrzn, for
exampJ-e åre except:ions, other intei.irecìiate phasese eog" tho 1*bi,ass t¡rpe

(complex cu'bj-c) ancl the (-brass type (cIose-packecì hexag,--1al), occu' irr
various systens *t # ^r,a I vóeoc. respecl-ive1y" Thusu r.,,hen o-Lher factors
do not Pred.otrtina'r:eo stable interrnedíate phases r,¡ill exist in e. syst,en at a

valence electron cotlcenti.ation c ^ 3 21- ? ¡¡f ir¡o'l rr il. -¡^r",i' 2, 1.j, I res'r:eetively if sueh an e]_ectrorr

co¡rcentration can be achieved in the s¡rsfs¡. As r,¡i,¿h.Lhe B-pha.seu j-t has

beeorne elear that the other intennecliaLe pha.ses too a-re not as sharp1y cle*

fÍned in corçÕsition ê's ì^Ias once believecl. fn aclclition to ille three struc-
tu'r'e type s ri'ten-ilj-oned, maity o'ther s'Uructure types har¡e beeone knor.m r+her"e

the conposition I'enge of st,ability seeiris to be c,'eter.rnj-ired mainl-y by t¡e
valence e]-ectron concerit¡ati-on per a.Lo:rr. (The "L,aves,r phases 

'rer"e
aAreaðy rrien-i::ioired in thj.s coänection" ) ft is cha.ra.cterj..stic of these types

of structure tha-b tile'ir eornposit.ion is doinÍna{.od. by tr.aiisltj.on el.erncntso

Men'bioll lïrlLs'L be tna'Jo of the imp,irtani, ¿-clvances rnadc by Ì.lot-,t ancl

Jones (9) orhc in'ber"pret,ed tho eloctronie facto.r: of Huine Rc,i,hery'in ter*rirs ef
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fill:ing,of IJrjlkirli,n zones (r^¡ith el-ectrons) oi: fi-Llii:g of these zo¡res.to

the largest inscribeci sphere (the "Feyr.Li sphore,r). This ä¿odel r.rås a. corì*

scquerlce ol' the assurÏpt,-i-ri.'r that the pei"Lnr.bi-ng l¿¿tt:icc: pote,:ntia3. 1nte:i:.¿rcted

r'ieal<ly r¿i"¿h the cl-ectronso and this cons't,itutes a :rnearl-lr..frecr:el-ect.ron

a¡:pr.oxi:rraLict'¡u fn the "free-electron'r (in e Ï-,o>c) nodcl the erÌsïgy of the

e]'ee-Lr.on cìepends oir the square of the'r.r¿\e üu-t'õer and tlie, cleirslt], of s.ta.tcs

depends on the -cquei-e roo.L of the ener,gy of t,he e.l-ecti.,oi.¡s. Iïr the Bi.illoi¡j-n
zoite raodel the r-'e]::tronship beti+een the'r+ave r-lrilrber vec'Lcr (fr) errcl t.Ìre

elect.ron ensïgy (ü) :." iree.rl¡, the same but r,¡i'ch regions of clis:coni:inility

in the cÌlel'gy (enerjgy gr-ps) and onl¡r:iir tho regiol: of r-:irer.gy l"re;rr thuse
rrenergy g¿tps dc,es the s:itirple:re-!,atioirship betr+een E ¿¿ixì fr break dor,¡,n ancl.

be,'corne drast,icelLly rnc,:..r: coriplex. rn ,che ,rfl,ee-eJccti"on,r lnodcì it c¿.n

easÍ.1-1' be shü'.::t that,'Llic density of stateso clefirrod as ¡re ¡r:;nbe:: of
e-Lectr'cinic sta"¿es per uirit vo-Luleo ì'l(IJ)clEo r.rj.th e¿ncrgie.s beti¡eeü E anrj

B +- dE, is dii:eci;J-y p:,'o¡-:oi.t.ion¿l- u nllT i.e" lI(E)'r*rL/z, Il.i the llrj.l_-

1o:u-''-n zone ncccl therc: -is a sh¿-:'p riso in ilie l.{(B) f.i:ic,r.icn i,;.iilr increa_slng

erìel'gy over tha'b of the 'rfr"ce,-clect,r,on. curveo a.s the eïìerg)¡ app::oa.che,s

t'he for"ì-riclden ener'gi¡ ì't.ilge, i-oe" as the energy app¡oi.rches the Br-il.1ouì_'

zone bou¡lCa-ries r'lÌi:ïr:h ¿ii'rc rela,tecl to thc r"eal c:,:ysLal- st.icl;ur..o ancl ca.n be

oi.er:'rvod frorn i'L, .T'Ìris ¡,loCel- p::cvi.cìeo. a lrreans of relatj.irã the clee-Lr.onic

cìoris.ì-'l,y of ste.bes0 3.s ¿i fu¡c'Lj.orr of eiie:-:gyo r+-i.-Lh real clys1,al stp:.ctur,es"

Oile c;rn visu¿iliz:e thp-i, as electrons a.::e added,'Lo a s¡rs-[.ei.,r (for ex¿r::iii:,J.ec

by acld.ing Zn "at'a'ns tc' eoir¡rer') ¿r fav'oti.r:¿'b1e sitnation exists as 1o¡g a_s

the clensity of st¿rtes as à friyictio:r of.'eïreiðJr..;j.s l-¡,:rF.;es bilt; r"¡heir thc Ccnsii.¡r
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of sta.,¿es dirninishes lvit'h an i¡crease in ellerry oi: is Ioi,¡ as r.¡hen the

'Ferrni surface is far-t'ernoved from the Bríllo.rri.n zone boundary the systen

t'rou-1d coirceiv¿-b1..)' cii¿,r,ge to another crystal str.uc'Lur-e type r+hich hacì a

--Larger densi-ty c¡f st¿rt-,es for the salrle energy råxge and thus could accomodarie

the same Ïlumbsr of elect,r'ons in a syst,en i,¡ith -Lor.¡er t.otal energys rn

this r.ray the vue"co nul'r,bers 7, #, fiu ,uru r.elatecl to t,ire peaks j-n "¿he

N(E) vs. B cu-rvesn FIeuce a given s't,y.uctur.o is si¿.b:ì-lized if ther.e are

sufficiei"iL cleloce.li.zecl electrons to bri.ng the Fer¡ri surface u.p to the

Brillouin zone boultda:;'y" l'{uch r'rork has been clorro oir Bril1orr.in zones a.nd

*lra'i" iy^-l-'i..-.1.-:^*^ ¡^.^ -.^.1 ^a ^ -- t ììL'.rrv-Lr.'-L.rtrrorr-t;ciLlons for mebals al'ld al1.o¡fs a.nd there seems to be no doubt

tha't'Lhe basj-c:ïdeas of the theory are corïect -i,hough details cf gre theoly
ruere ilot a1.r'rays approachecJ eonslstently Íyl the Þâsto For exariple. j.n

eor:pu-t-'Lng a't r¿hat ei-ìei'gy ei cliscontirruity in ener.gy should occu.1. :in filJ-ing
the Bril1o's-r,j.n zoneo r.rhether j-t shouLd- oe.cur at,'che inscribed sphe::"e (energy

increases rapidly r^rith K beyond üris poi.'t) .i'o'il¡r 1.¡¡çi., the zoiro i_s

cornpletely filled lvas a tnatter of personal ehoice" tr'ina.liy it should be

met:tioneci tha-t, mol.e' recen't,ly cìirect erper:ir,lentel evicl,ence inclic¿rtes that,

the Fer'¡n:i suifaces in tneta'l s and a]-lo¡'s are reu.cìr rilore corilplex geornetrically

than origii:a1-.!-y a.ssurnedo a.r:c,l this makes'L,he acculate c¿.-!-eulatioi.r of the

propert,:ies; of a_Lloys; a formicl¿.blc t,ask"

Just a.s l'¡ith thc atorníc ladiusu the r¡alence e'l ecrlron eencenti:a..

J'ì all r: cor] ì n rr'¡n¡ì i r'r: !' ç n ô-l- ,, 1^-i -l ; ':-uavrr uùÇ11 -LrÌ p.r--vL¿-LULr-r13 5r,<.j.r)rrr¿i-es suffers fr-olt sotiie arrrbi-gui1;y" I'o a

firs'L appr.ox-jriiatic¡r i'c is g.i.ven b)r thu usu¿rl accopted. rieL,all.ic r¡alencj.es

l"'hich ai:e the su.i:;t of s arrci p electlons butu j.t j-s not qui'Le cer.i-..:iji-n.l¡]re¡re¡
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all 'che- ( s +' p) electrorrs in the rneta-l- or alloy are del-oc ¿.Iízeà" Fritedel
(tO) nas suggestecl that soüre of üre { s + p) elec.i.r.otrs niay lie in ,rBound

sts'tes' ne¿:^ the solu'be lruelei r,Ìrích i-.s anothcl. r,ray of so-ying ¡r¡¡t çie
sol-ute a''¿c't'¡ic a'rc inco*pletelf iorrizecl and that soiiie of the concuc.Li'g
el-ectno:rs a]:e per'lirjane:rtry at'bractecl to the mo:."e posi-tivel1, crra.r,ged nuer_ej_.

on the other rrando in cfcìer t,o aeeori:-i,; fo¡, the rarge decreases irr t,ìre
atornic size ctf lrrìir"tú, t'hal-liu:n and l-eacl r.,hen ¿lloyecÌ nith noble rnetals
Hr'lne*F'otheÏ]¡ anci lìaynor (]1) su.ggested tha''¿ these Fietals are incarrpl"etel.y
i<¡nj-zed in t'he pui:e state but are cornpLetely ionir:ec,r r.ilicn clissolved :in

cûppo1'ú si-Lvey ar:d golcì" ft no,i,, seeìjÌs unlike_ì-}, th;<,t compl_e1 e j_oniz:¿;:.tioir

of a. pol¡nr¿tl-e¡i-, sol-ut e l,¡ould occull in sol_icl s¡rlutiol,"" T¡ere sceìr1s to be
n3 ¿ p;''i'o::i re¿Lson l+h¡r i.i1g6ttrp1-ete iairizabiori shculcl cìrcllr,in jilci.u¡ru ilra1-^-¡i',_-r

cu" l-ead a.nd yet be a1-¡sent in, sa-J/s ge::in*niurno tinn al.,so:rl,c o¡ arit.iri,:ir¡r
r'¡hose at'oni'c sirãe''j clo ¡rot seor,r t.o show abnoriqral decrease, , on alroying" To

fit into t",ite scheri:e of tlie Hrune-Roilrer=Jr 1=ul_r, traytsiLioìt cleiiie-nt-,s r.rere

assigneiì- a're'Io:tcy o:Î zer"oo though occasicnal-ly the total nr:rd¡er of electr.olrs
ouLsicJe the I'j-nei't cci!'ort ioeo ( s+. 1r -¡.ct) have beeir usecj to clenotr: 

'reelect,r:'3.r csrrcr:ilt,:,-"ation (rz). Raynor (J-3), o¡l the r¡asj-.s cf stucrj.es of
ellro:;rj-un a-ndtitn.n3atlsl;a iii al-r:¡¿iniulnn conc'lucicd that thesc tral:sj-ti_oi: ole_.
rren-Ls rriel"e norú conL:i,j_l¡u.t,ing to the se¿i of cle;-l.uc:L-Lizercl elecL.:"ons.bu.t instead

'..¡et:e r,¡-"r-thdi'a.;.n.irg cl_cc.i:r.-cls to fill ürcir. cl..shelïs" Tire ¡.¡þc¡_l_e cÌ:itii;iis,iry of
the t',rairsition el.erien'Ls ellpþ;:.5;'¡2rs il:eir tcndeiie;, to ac,¿ lrrLth vs.ti_abl-c

v¿Ll-en*iesn llr'rt nere.Ì-y in cifferont, a1l-oy's bri-i; i-n cì:ïfjlere::.ì: corripcs:ît.ìon
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rang;s of one allLoy.systemu as j-n the s¡,s¿6¡r:riclcel*zi¡c, for exe.ntple,

r,;here nicl<el appears to act r.rith zer.o val ç¡6U j,r sorne par.ts of the system
and i'¡i-Lh tri-gÌre:r varency in o'Lhei cornposi{-.:!-on lr¿r.ì,gï.lso

' Despite the quant,ita'tite uneertaint.y cf the velence eleet:rcn
corrceil'Lreiiono electr"onegativitSr and. atonic s1¡zeo the Hur:re.-Rctherry r.uleg
proposecl ove:: 'Lhirì:y years ago have been fowrd very usefuil in ratioäalizi'g
phase sta-bil:ity fratn a strrr.cture point of vier¡" Trrese ernpír.ieal rules
treÏe stl'ikingly put to the test by ll/aber et a1 (t4) r"r¡o shor.¡ecì, cori.sicie*ing
orrly the size factor' that for" 619 bina.ry alloy sysÍ:eins r+her"e ilre cìifference
in atornic size betr.rceji corrìpÕneirts -is gi.ea.ter than lJ per ceit{,u niuety psy
eent of these syste:ts exhibiterJ r¡eïï l-r¡ritecÌ scll:id sol-u,oilitieso ancì fot, B0ll
sys'Lcns n'here tìre size cljr-fforerrce j-s l-ess ttra.n 1J pc.r;. ce't,o fifty per cent
of these sys'berns exhibi_tecL extenslrre solid so-l"uL,iolr"
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I:'Re-y,D:--l:.baç:,.r.ge

. A bea¡i c;f )l*]:aïs (i,rhi-ch are eleetï,,3ríragileLic r.;aveis), fal-Ii-ng
oll an asseiriblage ofpericlìÍ-call-y ål":rar:r{Ècì atoms (scat'Lei,iirg contres) lri1l
Ínteiract r'riih tlte electi-on shel-ls of the.atolns ¿rrd.r.úIi theleì:ry be sca.ttered"

El¿'stic scattsring (sca.tter'ing r'rithout energy loss and so r.riilrout change irr
À) is the impolt,ant process here; effects sueh as polarizatj-sn and. a.bsor.p-

tion aÏo lro'L of najor irn;oc;rt,ance for elastjlc scatt,ering, although the in-
tensity for"nul-¿e mu.st be eorr.ec.l,ed_ for il-rese effec.L,s. Each scatteri_irg

eentr:e'can thus be::.ega:'ded as tire origin of a sca.tt.er.cd l.¡ave (oir r.¡avelet)

l¡hicir can be relr-t'esentcd b¡' a vect<¡ro The scattor.ed .r,¡¿.ves r^iill- interfei-e
(or corrb'ine) l;i-'ch each oth*r-. A d:iscussion of d:iffre ct.i-on thercfoï,o I.r-
qui.res a techn:ique for studying tho cc¡birraticj? aí r,¡ava r,iat,i.r:::rs"

A plane r'zave ( tf/ ) 'r=r,,r*3-lirrg iir an arbit,rar"y cÌi:r.cction 3 cai: be
tr'r¡"ittcn as $r =./l ev+o i (k " i: -&Jt) o itor.l,he analysi_s of'difír.¿rctioi:

effectso on1Ï tlle nutu¿l- ÞÌrase shifLs of tire r¿i"aves prcducedl by scattoring.
and inter--fe-r:eÌ1ee e-¡rd noi the tine couriic of the r,iaves- ar.e of i.liroc.i,tanr:e:

the timc factor (er U) i.s oli:i.btecl Þ

cons-'r-dei t','¡o ¡r'bjr-t,ra.;:y sc:rttelii:g cont,res r+hicrr ar.c pa.rt of a

regular asserib.l.age of n centres cn a lat,-lice" 'Jlho origin ({.= 0)
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is placecl at one of the sca-tte'¡'in¿; cen-bres" For the sake of sim;:1ic:ï,r.y,
' initial-I)'th* scattci:ïng pür,¡er f (at,ornic sc¿itteri'g feLc,cor) i_s assurriecl

to be the sarrie for both cent,res. The initi¿i-L 1.r¿ve is specifiecì by tho
vector Eo (having am;olituCe A = 1), tho sca.tt,er"ecl ua!,e is specifi_ed by

the vector lco and the positi-on of the sca.l,terii.rg cenr.,res by the vect.:: t"
llhe resul-ta.irt r,¡ave F(.k - ].,.o) is given by:

F(¡-to) =-rpi(k-.t:c) o ::

¡uhe¡e (k - Io) ,.' r i" tl:e pslþ d.lffelenee of the seat.Leyed .r^råves at r a'd

I = O iir the ci-'i-r'ectioi¡ k" Sj-nce o::r1¡r elastic sca-Lteriirg is co:isicl.erecl

t¡-l = .[k"l = { ortroi.e À is the i.¡a..,;e leng1:ìr of the :i"ncic]en.L, air.l scattered
raclj-atj.on. Lei; thr: tl..ai'lsr.¿.tion peri.ocìs of ure i.egu.1.ar lattice be a.rbrco

Ín the cliv'ect'lons g:o þr. c respec'civer.y, l.¡he::e Êu þ.0 .c-- a-re basc vectcrs of
the rec''¿angiúar coordir:ate syst,em" r can be expr:essecl :in rectangu,la*

coorcli.rrates as l * g X + þ |I .t g_L. Then

t, . \(k .-. ko) o I = x(k .a - lio, a) + y(t. " þ :. -L
__ç¿t I f= X-T ( cos U a -. cos U") +. I(cos 'Ìt

. .,2n{- ,'î ( cos Ll 
" 

- eos U")

r'Iner:e cas L/ 
^o 

cos u 6t cos Í/ e are the direct,j-on cos;ines of .{ a.nd "o" t, o

cos ube cos uc r.re thr¿ clir"cct-iorr cosir.ies .of ]1o o rrr 'thti, rcg;i;.ra:: ¿.ïl"¡iy o_f

seattering p'i-i-ni.s only i-rr cei:tain di-r'ecti.ons r¡i-11-'¿hc i.esui-t.ant.i.¡ai.e no,¿

ha.tt çi zet o s_Ì.¡i'rrl":ì.tride ò

-Lt, c;a.n be siLoi,,in (Buerger, lJ) ttra'; for a laiiice -,;r-¡_th tr,¿..sla.tion

periods aobrc oirl-y in clirect,i-on5 f¡i.' ,^¡hich -r..Ìre co:l:Ji-i.io:rs

r \ nf ,
9") ", L\K "g - S

ir\ 2n, - COS U. I åî.trDb'À

^\=/
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(earryo-cosü")=hÀ

(cosy r- * cos ü,) =tsà-D b' b

(cosy-.-ccsüI=Ðçc'e

ai.o satisfied sr¡nultaneously i,ri1l the resu-J-ta.nt anplitu.de not be zstoe
rnrltere ho k, l ere all 5-irtegers a¡rd the rosu.ltani, aürp-l.itude for sueh

direetious is given by

F(x,Y, z) = r"*piZm({ o { * {1,
or u-sing fractional coord-inat.es (xoyoz) r^rhlch Ìrave as urrity-Lhe correspcndi'g
l-atticetr¿i,sla1,iorrper,iodn i"eo x=*, 

"=lr 
,=tilre last equation

beco,ne s

F" =. f *^ i2ir(xh + yli + zI)r _- -.. uj.I)

Thi-s equ'atj-on c¿:r be genoralized to a.pp3-y to sca'i:tering centi:¿s r¿heee each

centr:ei has a dií'fer.clrt sea.L,cetj-irg poi.re:: f .,

ioe, F = "t 
t 

¡. o"pizn(r'x, + Wrt+ t"r')
¿-J'j

the equ.atioir is usria-ì"l-y glv,er: jr the forr,i

\-1Fhi.I = Lt.¡ cos 2-n(hx.. .t" ky.., -r J-z.r)
j"",)tl

+ i Ii, sin zn(Ìx.,, -f kt+ .i. 1z*)
j " '1 J J

Lctting cos 2il(hx .l- l<y .r- :'z) - Ã

a.nd si-n 2¡r(hx rL k¡i ,¡ Iz,) = T)

\-ìtt - | ) r ¡ \ -, -:/Y...-r = \ e' : 4../ .þ il LfiÌl.r)J " " i ¿')
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rf the spece grôu.p con'i,ains a eentre of syirnetry and if the ci:i gi.ir of

' cocrdina-t'es to'*¡hich the positions of the atcns a::e. refe¡l"ecl is takerr a..i;

the s¡irmretr.y cent:re then it, can be shci,ni tha.L ( I,.n.) = 0 anil
\- j ¿r

F = 7t i 
o¡" This i'rill' be the case for the la.r.ge rna.jcr.lty of' ci"ys-t,als.

¿

fn all bu-L the .lits;nirlnetr.ical space g1,oup ,'p1,i o¡ a.Lolri i' a gen-.

e:"a1 position js accotnpc.uiccì by ot,her a'Lolrrs Ìra.ving syrunetrically relatecl
eocrdina.tes" orr the sri:runation f I t .4..) thc;rc ¿-rc groups r,;hjr-eh rrot onllr
have corrnoìr valu.cs of f', (because -iol*Jar1r,r;r11.¡r 1.s1¿te.l atolns ai,e j-de¡rtic¿l)

but al'so Ìrave l'eI¡'-i-e'i seo"¿:inaLos itÌrich pernri l-s corrsol-.rdati.rl of l,he

surtlna'Lioit b)' 'Lhe rules of trig*orronetl.y oï. eiíDûnen.t,ial ccmìrinatio', The

colrsol:icla.-i-ion j-s ¡rer.for-ined irr ter¡ns of the s¡tirriiel-r,y ,factol S " If the spe.úe

8:roup yel'a'Le;s a sét of 'rn1'r poinbs j.n the genei-al posi-'Li-ono the s3n,1iietr";¡

fa-ctoi: rrstr is defitred ¿s the ¡,¡ave scatf;er.ecl by ¿L sei: of u.r¡i..t sc:r.L.l_el.ers

l-ocatc;cl on theserrrntrpÕir-ntso rSn hl,.s.Lìre forr,r å or-t"{t,xj -F ky¡ + 1z¡)
j=1

r^ùiere the coorclitrates *i, Jt:j o z7 are nor,¡ relatecl by s5rn,nctr.y.o clepenriírg

' on the pa'r'tieula}" sllåce g?o"rryr6 .4.1.1 ttie s1-ninc'L:.y fr,.cto:i.s fo¡ the r¡ar:ic¡us

spaee gi'ûups hav.e beeir de¿"irzed and colipilcci ( 53 ). (F,-,-,) ill" structure
D nKl.

fac'l.or cair then be i,i-ritten as F. . ," ,. * f s î.,h](1 '- 
È, 

t 
¡u¡ t';Ìrete '¿he su¡rna.tii-oir i.s nol'r

or"tl'y poi::lorr¡iecl o''¡ei: the rrpri cliff.'ereiri -g-ejl-:. of eo,uil,,ra-l-ent a,åûr,lso r,lli_ïch is a

gi.eat si:nplif, ic¿Lti oil "

The j-nt'cnsiiy of a l'Iå.ve :is piropolti-onal. +.o tho sqrr..åre of the anp.l_i--

tu.cle i.e" f¡1.1. a(1fr) r'¡here Ï is the i-n[ensi-{.;r p.nd rrprr is t}re aiapli.tlcìe

gener"ally ca]Icd the 'rstru.ctu::e factor't. va::ious ror'l-eL. l,-ion facto:"s liave
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ln Èa n¡n'linrì *^ -l'l-,ò '-*^*^--+i*^-l;!-- L-.¡---.- -!-!-svurrcrq "o tho pi'op0r.tlol1a1.ity befcre it c¿.n be r,rit.ten âs an

equal-ity; su-ch es 'che :tgeoi+etric'r factor, the pol-arization factor ¿rrd the

multiplicity factor.

In the polntìer diffraction tnethod s¡rall crystals are ín råyÌcìotil

orien'bation ¿ncl theve r^ru]-l ah.¡¿.ys be a p1ane l.l the proper ori ention

for Bra.gg r"efl<:ction as the sar,*,ple rote.teso but onJ-y a fra.c-Lioir 6f the

voltune r.'i11 be jrr a reflect,ing positiori. The ener.gy of tire r.eflecteo.

rad:ì-ation r.ril.l- be constant r.ii'Lh rter' (disr"egar.cìi.ng nultipl-ici.ty)o bu.t t.he

enelgy of the Debye ríirg rti-J-l vary 'nii-üh 0 sii:ce tlre Debye rirrgs gort plo-
gressively Iai:ge:: r.¡ith increa.sing 0 ('Lo tt,so), This rrgeometrj-c', faeior

correctirlg tire inf-ensi-'Ly for this c+ffec.b is 1/sln20 cos 0. fn the u_sual

x-'ray diff::.e.ction erÐer.jr,renLs the x*ya]¡Ì:earn is u-npolarizecìu bu.t becones

pol.arized aft-.er" reflect,i_on at dhe e.ngl_e il20'r r¡h-.ich has t,he effec.b of

reducing the intensit¡r a1f t,he scattered (reflectecl) b"*^ by a factor
I t" cosz za*æ*"2^'-¿;o I'hese t't+o factors are usually colr-rbined i:rto one r,¡ith the

fo:'¡r
tr:t-ç-r:7?r9

"irr2o *o" o 

o

Tlhe re'ìat,ive c.;ffect of tein¡reï¿.itu.-r"e ¿:,ncl ab.sorpti-on oi¡Lhe intensity is s¡nall_

ar¡r-l is o¡",t,en neril-ect,ecl "
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An itmportant' factor" that rnust be consid.e:r-:cl is the rrrult,ipl.icity
- factor" (p)" rn the LreL,ye-schemer po,,.rder- niet.he.,d a cljffr.action li:re c,f

il:d:ices h]çl i-s pr-odueed by re:llectio¡r c¡r ¿r1I the cr_ystal planes having the
sane spaci-ng, oÏ bJ, a-1.:r- the plar:e" {n,,r}" The nurirrrer c.f -r-ai;tiee pJ-anesL)
t¿Ìrich ar'e equ'ival.ent foi r-easons o s1'mnretry is cal:l-ecì ilre r-rru'l-t:rplici.ty

fe'ctur (p) and- it depencls cn the sSarmretry of the crysLal and on the inciices
hkl-" since the reÍ'-!'cc'bion:; of differeilt se'ts are indepenclent of orie e.n<¡t.her

aud will eoirt,ribute equally-L,o the ildiffraction r"ing,,it is obvious that
r'rith sev.:r'et diffe:'enL sets of planes diffr¿.cting to ,che så*s:. a.yea on the
fíl-¡rr the intci:siL} orr that area. r.¡i]l be gi"eaLer th:rn j-t r,,.oi.rlci be if onlv
one sct of platros cot-r''¿r'i-Ì-¡i.r.l-eclo and n 

"o"r,""aioir l:as t.c be "uorr;-;.,r"n""-t
ILS "*" ov

l'li-th the co'rection factov.s a.pplie.r to i.fu, the irrteirsit¡r 6f ¿

diffract.io¡1 l-'r.ne in the pcr.;der. ne.L,horJ i.s give¡ by
-.*2 T 2 1r K Fi,_.., lf. + cos- Z0lrhtcl= rr.L;r-I -*_--jIÞ

I sin-8 co,s @ | 
-

va'iious o'¿heÌ'factot"s r.;Ìi-'r-ch {-rnl ¡z ¡*1r* n rraL.l i.nfluence have been noglected.

'rKrr is e' eonst¡;'ttt fol'a ¿{i-vcn constant set of experÍ:ir,:,nta1 concìi-tjLorrs. rt
ca.l'l be det'e:.-'rij-ned li.y a stanclarri-'tza.'l,i-oir proceCure oiro ií oliy relative in*
tensi"l,:ì.es .3.re of in'Le:.'est, it ca-n be assigiled air arìritlar.y.valueo

The final equ'afi-orr errived a'b hereo re1-ating thc irrterrsÍ.tlz and

the si;¡:u-ctrtre f¿et,or i'¡il] be usecl later" j-n c¿.lculating soiile in¿r,e'sj-.bios"
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Ðü.Le*replrc.i-tlhse1e] j.n.1_l-.rq]_a

I'he basic p::inci-ples cif cliffer.errti-¿ll 1-.herrnal. ana1ysis (D.T"Â.) a.r,e

r'r':11.'l(iloi'mu A profu-sislrr of liter'ature on thj,s su.t:ject exisL,s, a.ncl â.

rlu¡¡ber of ercellen'c bool<s on the theoi.y ¡rircl the applica'Llon of D"T"A. are

at¡aj-l-a'bleo only ti.;o of r,¡hj_ch l¡ill. be ineir1_ioned.(73,74)..1lher=efore, f slial_l_

oirl¡r sl'¿'¡e ve:t"y l-,i:iefJ,¡r't he genei;'al- p:r:ineiple r,:poir r,¡ìr:ich D"T"A. opar.ates,

¿¡d siral-Ì. gir-ve ¡ror.e cl.e-tai--l_ed eoirsiderat,j-c;n to s+me pi:.rt:ì_cu1.ar asp+c,Ls of
Dul'o1,. r.ùích are perbiitent to the pi:.ese;rt j.rir¡crs,¿igatíol.r"

Differerrti-a1 thei'rna1. anaì-ysis i-s a techirir-quc by i¿Ìricir theniial
effect,s ål:e neasu.rerJo usually as ,che sai:riple js Ìrea.t,ed c,i" cool_ccl.

Any rirater-iaI he.s a, f::ee energy, G :: |l * TS '¡.Ìrele the s¡r,ri:o1.s

har¡o the usual i"i-rcaitirig - ilIrrr is the heat coi,rtrrjt oj:. eirtha.J_py" ilTil thê
tertperatu::eo and 'rS'r the enLropy" The sys't.em rrill terril to rea.cyt r,¡ìri-chever

Ûf the possible s'[,ail,es ha.s the least flee enei,gy. ïf for. oxa.rlple t,he

naterial -i-s cr"y.s-t,:,1-l-Li¡e and i-t is 'L¡,.ken to a ternpei^at,u.r"e at r.;ÌrJ.cÌr :¿¡x¡thor:

st"r'ttciure has a Ior'rer fi:ee energy j-t ¡,riil- tend to cha:"rg:e to the ¡iore st¿¡.ble

stv'uetu¡e i.t'r-th ¡:.n acecnp,-,+i:¡ri.ng ehange in II" The chari¡4c-bo a J-r-,i,;el:,rGrrrni..ght

bo via a ehemicr¿l1 re¿ct-i ono melt,ingo oï Ì:oÍ.l-iirg etc" rHr is :i1 gei-,era.l, a

fu¡ctioli of 'betrtpor"¿1trä:e and clcres not relna:in cons.Lan-[, u-i--i',h teraperatu.::eo b1.t,

e't' t'he'L,ransition to a rrrc¡.c stab-l e p.].rr¿ser the c]rang^ jì, rrgrr is cìisccnt:ïiiuc,us

¿.s sìror.;'ir i-rr 'Fig" 3, aL tn a.ncl TO"

lthen 'rlle cìi-ffr'i'c¡rcc j-ii icll;:er¡:t,u--re be,uueren the se:np1_e and an

inerf r,e,fer"ei.rcc bcCy is liiÐi,:slt-r:ocì ¿rs a fuilcticlr-r of terrrpei,il.f;rir,û as ilre sanple

?<
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- ' and the referei:ce body (r+iri'-ch ale in clo.se prr:::irnity) a¡e Ìreatecl (oz.

cooled) the ternperatuye clifference is nearly zero (if tne r.eference body is
sui''uably eh+stú", )1, u-ntil T". (or To) is r.ea.ehed" At, thj.s tirne the ternpera.*
ture of t'he refererrce body continues to .rise or fa1l but the teniperatur.e of
the sample rernains riearr¡r const.¿nt, si¡ce the chairge i, H occurs at
corrs't'a-nt tenpelat'ur"esu and the observecl difference in tenrperatur-e wirl not
be zero" After the transíoi^rnation is conÞlete the cliffeience in tenpera-
tu¡e r,rill e.ga:ïn bacone near3-y zeroù as shoi.in Í¡ Fig" J r^rìrich is a typical
differeirtial thorr¿l azralysis gi,aph"

A nru'rùor of coir'',rei'cial.ly available j-llst3'Ltnerrts a¡e sa,cisfaetory
fo:: me'rr¡' e'pplicat'ions" They are quite seirsiiivo to srnell- heat changes a.ncì

requ-1re on-l'y snal-l sg¿;iÌ:le;s ( m¡'in * ra:rge) a¡rcì ilris 1s a.chie.¡ecl by br,i'girrg
into ciirect cont.¡icL ilre sa:ap]^e ¡.rrcl the s.Jilsiilg cierriç¿u usuelly a thetino_
coupl-e" fri the a.ne-l^¡r.sis of ri-iei,als aäd'eill.oys dir-ect cont.eet betrieen sa:nple

and thei:;noeouple ju:rcl,:ion must. be arroi-cìeci bee¿ruse of mntuar eontanination at
eleva.tecì ter,rpe::atur"es" Thei,raocou¡;le shielcls of ,,alunilr¡larr ol: other refractcri_y
matoz'r¿.1- in'¿o r.iÌri-ch the elec'r,r,íc:a-l-1y insü_l_ateC therniocou.ple r.rii-rcs are in.-
ser-t'ed rrust- be used, a.ird thi.s resul1:s íir sonie 10ss of sei:s-i-Livi--Ly. ÎÌie
D"T'A " e'pparajtu-s used i-tr tJre preserrt Ínvestiga't,iou r^ias designecl ar¡d buil.t
to he'rre sufficieirl' sensj-tj-irity to cletect el¡err s:,ral-r'hcaL chairgos in arlo),
syste:rrs su.ch as ocicu::' j.* sor-id.-solicr tr-airsforrir¿_tio'so

Depeäcl_i_ng olt {:,he t}rj_clriess of t,jre .shielcl.j.rrq riretei,ia-.1- ancl j_,i_s

theli;rs'1 coircuc'tj-v:i-'Ly the tiiiie I-a.g of r-esprnse ericÌ t,ìrc; tot"J- ¡iass of .i:l:e
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sensing o'evice l¡ill- be :it:cr-easec relative to an unshielcled ilrer"¡iioccruple.

consequcntlyu Ia.:lgeÏ sârßples üiust be us.scl to ob-Lain r.,e11*defit.rerì ilpóa.ks,ro

cer'tain proble:ns ar'e inherent in the use of rar.ger salirpl_es, the ¡nain

pz'ob'lerri bein3''Lhe finj-te time an aclvancing tei,rpcreture fr.on,¿ r=equi:"es to
portneate tho sar'iple" ccnsequet'rtly, the salrrpre geonetr.y'becor;res år-r irir.-

port'ant faetor" The p;':oper shape for a sarrrpl-e is one that perrnits; a unj.-
for'in fl-or¡ of heat. frorn ancl to the särnple irnplying that, the sarirple be

highly sSnrrietri.car in the cri:'ec-Lion of the tenr¡:er.a.ture gra.dleirt. A

cy-lincìrical- saiäple (using a cylirrdrical furn¿.cs) v¡ith the thormocouple
placeri at the center" of the cyì-inder" satisfies 'Lhese roquirclirent,s" i,.rhen

a thernocoupJ-e sìriel-d is inser.ted:ln the cyl_irrdrica.l s¿rnÞle, tlio sar,rplc beccrres
a'Lube' rt is desii.¿rblo that't,he w4.11 thiclcre.ss of '¿he sanple (tu.ue) aircl the
shield:ing't'ube be si;::4.11e tliou.gh in tlie la'cter- cese oi?e i-s-Lech.ically lirajted
to apÞroxi-na'¿e'l-y l"J rmr. r.rar-r. thiclrness if the rnaterial is pu,re a.lr:.ndurn.

rt is evident tha-L it is necessary to stril<e a corìlpr.ûrnise betr.¡sen saraple

size and sanple thi-ci<ness for a girrei: cli¡ie¡rsicn of shlel-di¡g tube:if t.he

sarlple is not to exteircl grea-tly in lengt} . rf the sai,ipls wa].l is re] a.tivel y
thi-n e reactiorr f¡"oil'u iriil- r'equ.i*e lcss tir,re to t'aver.se the sarnp_r-e a.nd the
resolut'i'oir of clos'3-l y soaeecl peaks i-s i.nereasecl . rf ilie hoa.Li¡g o. cool1ng

vate is ver-y s-1,or'r ¿nc '¿he sanple ancJ the reference -i.herrnucouple ar.e

situated in close pio>:ini'cy in the sa.nre net.e.l-1:i-c l¡locko ilre heal exchange

betrieelr the s;'r'lple a.r¡cJ' the r"efere:rce the::niocouple rrny be .ioo r.a¡:i.d, rel_ati-rre

to t)re tirne requircd fcr the re¿ction flor:'c. to tra'yer.se the saiiipleo and the
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full heat effect is no¿ ut.il-ized; 'f.hen ¿ii insu]-¿.ting sleeve placed arc,nc
the sa'qple can jncreass 'L,he sensj-tivi't,y of ilre ther.mocoupl-e to sina.ll heat
change-;s" These trv=re sonle of the fectors rvhich had.to be considorecì in
achiev:ing the objectj-r¡e" Sir-rce the coninez.ciaJ.l.y a.vail¿rb_.j-e gåses colrtai-nocì.

sol11c o-xJ¡gen 3' v¿'ctl-u-r:il ¿lnd puri,fication systerl l.ras ccirs,cr.ucted l¡hicjr made it
possi'bls tio perfo.r. ana.l¡rsis either" in vacrio o'ui:dei. irrert atmosphere.

The :rppara-t*s r,¡es designed primarily io be operated at a. fixed
heating ancl cocLing r.a.be, though scme non.-ncehairic¡_l- fl.exj-bi.l-ity i+e.s

cotlvei'riently achieved riitli the variable transfol-meï su;oplying the 'rpor,¡er
s'Lat i' o
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Ðes!¿en"lgeþe-l:llsl"qs.1?b¿r-s
' Thls instrüirislil consists basicall-y of an el.ect.i:o¡i opti-cs sysl-ein

for fosussing a. bear'r oî electrons to a cli-aneter of 0.7.p tø )¡l- on the

spec-'lrneno alrr) a1 x*?s.y opt.ics s¡rsten to ¿tnr"1yz,o tlie e,¡iitt,ed x-ltâys acei:rd-

i-rlg to t^ravelenglh and intoirsity. fn acìcì itionu an oÌ¡tic:il microscope sys,tein

for vier'ring the speeirrietr ancì selecting the exar:t area to be a¡a1yzed J"s

incoi"porated :in the irrs1;ru¡nent. In quanr',itatj.ve aiial-ysÍs the rneas¡red

+-{-^,^^-: +-- /- \ -.-i{-'ray l-nrei1sl¿y (In,) o-i'a pari:i-cul-ar constituent of the specirnen is r"e*

la't,ed to cotrlposition" The L-series sperLi{¿. are sui.taì:le for a11 ator¿ie

nrunl¡ers fifty aird -l.arger ancl the K-series spec'Lya ere sultable for atonric

nutitbei"s betl'¡een fi.fi;y and elevett. In Èllect:on-probe ¿in¿lysise a.s in >r*r,¿ly

flrlnr.e <.Jt,.aõõ 4l"a *- .,--i*. ;.-+^,^^-i.L-- F-^-* ^-- ^a,r¿!{vavÐçelruçe t!'Lt ?:*ray it-rtensity from an el.e;nci'it is no'c liriea;:ly r"el_ated

to coi:tpos;ition (for a consta-nt energy of- the elcctrcn beali)o Soinê of the

factoi:s responsi-b^'l-e for non-lj.irearity ai.e enìr,iÐråtûd belloi,, and r.ril-l be

bri-efly discussed ilr a noir-nailrei,ratic¡;1 fa,.;hiotr:

1) Iiatr.ix absc.:rption of characteristic x-lây.s

2) lrfatrix enhancernent of ch¿.rac.t-erist.ie x-på.J¡s

Ð Tako-off angle ({r) uf x:reys

/+) Atomic nu.rbe:: a.n.J ang;le of inciclence of e'r ectr-on be¿.1:i

Ð Surfecc conditioir of speeincn.

f-) X-racliation thaÌ; påsses through nr¿tter is alr.¡¿'.¡rs part,l-y

absorbecl" Quar,titat-'r_vol_¡. üre anourr.t. cf a'bscr.p*¿Íon -j.s g,j_rrer.r b5"p n the

tnass absoi"ptic,ir coefficientn i,;Ìii-ch dei:crrds ont,he r"raverlenglth ancì Lhe tyne

of ele¡nen'¿" }lhcn elec'c:rons st::-i]çc the sai,ip3-c cl-,¡.:t,ac'i:er"i.stic x*råY spectr.a



of the elenerrts prosent, in the sarnple are produccd

s.nd X ctn belor¿ 'bhe surface as sho',,m.

in a layer ¿\

3l

X cm thick

Electron

Somple
Surfcce

0ys

the nratríx elernent (Z) an¿

"'u^trA" io lhc r.¡ei gh'|, fr¿.aì;irr¡r

p'r"orrided that -Lhe enel"8jy of the el-ectr"cns is not-. ì:elor,¡ so¡ie crj-tie¿.l .¡alue"

rrXrr iq usnally i-p tc 3p cleep. It is clear t;h¿l'L sofie ):*1"ey,s r^¡ill Ï:e ab*

solbed a.s the;r eltel.ge fron thè ragiolr ilr i+hich the¡, ¿1.¿ proclu.,:ec1 ai.lrJ p:rs;s

through the overl.ying r,e'Lter. If an elernant l.r?re>se aburrdarrce j.ir a. na.Lr"ix j-s

to be del-ermitrecl is in a rnatrix of high abscrpt3-o:r the chayac'i:eyis.Lic ¡a-

dia.'bion of th¿'L ele¡ier¡'L i^nll be roducecl rnoi:e 'lban if tbo ôI<;,.nent -i,re.s in ¡.

rrtg.t:rix of loi.i a.'osor:pt:ionn for the sar,le arrglo ',{l ,,and the sar¿c elcót,i.on be¿.rr,

enel:g)rê Clea:'l.y sorle cori:ecti.orro dependj-ng

the 'c¿Ìce-off angle "{,1" has 'Lo be appl-iecl.

of'eletnent rry'rr i.rr a ¡aatrix of e'le¡tents BrCuuoêÉoo" of r.ieig,llt fy..'-c'¿ions r.'þo

vJç"o.. 1'e*<pee'L-'r-r'e1yo then¡fl the tor¿41 mass absorpi;ioir coefflcien,ç foti '

Ì'Jar;ofe;,=1lt \, r¿h1ch is the chirracteris't.ie x*racl ir,.t.j-o¡ of eleriren.i, ,r-r.t,o is
gi-rre:r by: lr-'n =\ilo É, tWts tsoo i\ry" pf,r\ r- oou eq"(t)/f

rvhere Fm., þgArF Cl etc" ¿-i"e the n¡r.ss absoi'pt,ioi.i coeff_icients of the

o]'t

If
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eÌerlci]-l;s t'An Bu c" for the charac'cerist,ic radiation of eleniont rrll, (ÀA).

' ftr general if 'rfO" Ís-Lhe total i_n.bensityrof charac.L,er.istic r-acli,.¿.li_or: of ,,A,r,

i-t has been foi:¡d that the fw, 
{Á

ctisn F = (,¿ ) Il r,rt.u.l.u .T{ is a constant r"¡ilich
depends on lt I anci ú *u rJ- 

| esc lr . Tabrls of r-Lr csc g ,", F for various
eleeL'on bean-i eno¡gies hav'e beren co¡rstr.uct,ed and ar.e given by Birks (68). rt
fal-l-ov¡s tha't, the ínt,ei:sity i"atio 

fo5 anr .r,r,ro criff.ereä,; co;ipcs-.r.tions of ¿r

girreir eJ-ernr,.r¡'L is giverr by.: + = å$l r,r.ìrei"e the _cubscril;1;s rl1f, aì"lC ,rzntz t'zrr?.
refer to tr'lo d:ljlfere"lt' cortposftioi:'s cf the s;arie el-ernent jil the saine t¡r¡_re

of rnatríx' rf i;he p'-i1'¿ e-l.emant is fii,'sf, u.srrcr s-s a stan<Jay:d then the above1 Fi^tr IecluatÌorr 
=edrices to'*:;- = *:,, eq.(e) rne ratio.f - :is cicrer¡tíired'loor; ''loo;.j *ì nn./

experÍtrierrtall-yo the ratio L/ Froo,¿ j--* eal-cu'r-atcc r.¡iti"iír, ..r"u of tabl_es
by i-rl'er'ation a.r¡d it* can then be calculate.l" To obt¿¿:ïnfrFfrl,riili the l¡.se ûf
t¿bl-os conipi-leri as F 

's . rt-' esc{r o " pr!' is calcur.ate6 (eq. (r)), begi_n-
n5-ng rti,-th a.n estima't e foi,rl'vloo ,,úBo ,,,l.,, e.i:c" and Þr.ocoecìirrg by 

'e.-i.t'c;rat:-¡lg thc eorn¡:let,e ca-leul.ation cycle su,ffÍej-eirtly often urlti.l- ccns.L,airc¡r

ir, the ca-]..cu1ated co:apositjon j.s o.btained. U_*u.elly thr"i+e or four r.ej-.Le::atioirs
ei.e suffieient.

2) rf tlio ch¿¿i'actevi-stic x-r'¿rcliati.cn of one of t.he eoriiirorlslr,¿s of
the ¡iatrix "B, ceooorris su.fficientJ^y enei'geti-c to c-:xcite the chai¿cte:.-istj,c
ra'Jiationo r;rciiaticil of '¿he eleriient rtÁ" ..-¡dcr. stur].y r.l:îi--L be cnh¡rnced* rt is
]molrn befo:'elrand r';ilÖt'hel'su.ch a co¡nbj-nrt,i.oir of el-encnts is pilesenL in ilre
specit;ien. ,An el:haneenelrt. cceflfj-cierit. ,,K-u .ic {-,fn ;i 

vr-cItt "t\F" :l''s then api:lied t,o equation (2)
j.oeo 

Tî:^*; = tÏ-; \ryA (1. .'. l{0,) r,;t.re¡.c-100,¿ 'lOOi rI rq'
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l(F = k E¡n VVB (.þ:l f1l--]oe¡r. k is an cr,rp:i.i,ica1 consr.airi equal to

' oo6o tho vo'" *.uLr: ,'"";";11u .'rorangu ,ri,.,.i,,,=- fo* char.acte¡istic x-r¿.y
excitati-on ('v¿'il¿ìrle fron tables)e !'v!r is the opei.e.t,ii.rg vo-L.t.age ancr EoSo

the excitati.oii effÍcieircy., again obtaj-n¿rble fr.oln -babl-es. Si_nee K,- de¡rencis

ot't the W's rùich ¿'r'e soughtrerl epprÕxirtate K o i" fii'st calcula.Led based
oì1 1'casonai-,1e choices c.," w'"ra'd b}', ¡eiter"ation of ilre ccr,rplcLe car-cu.la-
iic¡n c)'cle a fir:¿rI consta.nt vahie of Uç nnd Ko i,s obLained" fn the
present irrvcsli'ga'tion iro enlaltcsr,ient cori"ections ï,i'ro rìecessel.y.o

3) r¡e path lengih of the emj-L,tecJ x*ra.ys thrur;gh thc or,,c::"lyiäg
rnat'[,e:l i-s <lbr¡j-ously de,oerrcìont otr the .1,¿iJle.-off 

a-ngJ_u ,,Ç/', a.s cåit lii: .s¡¡e'

fro¡i the s'r'ple clii;,.gram orr page 
'Jl- 

" Since 'I¡, ic .eperrcr,en. 6* ,, {/,,, tìre
variatiozi ilr j.rrteir.s.r-t¡r ¿r" to a r¡ar.iatj_on.irr,,$,r,r h¿sr.beeil incor.porated inLo
th., tabul-:-.r val'ues of rrPrr ericJ no ¿'-cìdit,ic¡le.l coi,i.cction i,s thelr necessår-J1..

t+) I'hertstoppi.i'tg pÕ'rlQ1''r an elenrent has for" el-ectrons Ís ¿ factor
J.n deterin:i.ning the clist,alice.of peiretr"atÌorr (X) of electroirs i-nto the
specineir ¿trd thti-s partly rletei'¡iiines the pat,h l-errg-Lii of the erni.l-.L,eo'r,-::ays

through the sarrtple ri¡atter" The 'rs,copping pc,,rer,, årlong other things cleperrcìs

on zf A t'ihefo rrZ'r i.s '¿lte ato,níc nru-nber ¿.n,J "Âr is ilre atcr,iic rr,ei¡;irt. I,his
ratio l-'r-es beti,'e.¿i:0"rr ¿;rid 0,J ilrr"ough,¡r:,.t, liiosi, of il:e ¡_ier.iodic tableo ,rp,r

is a' fi-rnction of zf l" arr)'ci:c var"i.at.i-oii in 'F,r r,¡i.th ator,l-,r.c nu;ribe:: is srn¿-l-l .
The grea'cr:st' e]:j.o:'i'iirli occui:'r+hen tìre speci-'rlcir cont¿j-irs tru,o el-ernciits rrihicll
are fer a'¡:art ii'i at<;:rj-c l1:.¡'bero 13i.rlts (6g, Ìrng" 2/+4) l¡asr cc);:iîi:Le(l corr,ectio:r
fact,ors for" atc,;r:ì.c tiuj,r,bùl= (fr) ty r.ihich tirr.: f¡;iç¡ ian ftr csc 5lf i_s rnultipli-ecì
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if such-ü- corl'ection is llecessål"y" ïn the case of silver ancl iricliun the
correctiolr facto¡ P, is quite -srna-l-l (o"gSÐ s1¡ce.Lhe,cr+c elerrie'ts are onlv
one at.ornj.c nu¡irlrer apait o

. The l-ray inter:si'Ly is e-lso a fi.rnc'Lion of the ang.Le of i'ciclonce
of tho elect¡orr bearn a.ird it,s e¡ergy" Sirrçe only relative intens:rties are
dete¡iliinecl ioeo - lrt/r/tlog;íá end tlìe'se factÜrs are the sarre for bo[h in.Lenslty
meåsttT'emenfs thoy aro then inst::rlii.cnta.l cc,äst,a.nts r.ïhieh are k¡o-,..",:r" i¡,Iþs¡ r:¡¡rr

i.s det,er¡iined fr"o¡r tables oi.]e sirnpl¡r chocses the appropr_iate t¿ibl-e for these
constarits o

5) The fl.ai.ness cf tlie speci-rier¡r sur.face is urrpor"tant iir electr"on
Þr'obe ana-!-ysisr ïìÕîe so thair in x-::ay fluorescence aäalysis" si.*ce the
x-l-ays ccne ft'o:ii tho su.i.fa.ce -]ai¡cro -surfaces th¿t, c:ont,airr riclges il.nrì ve,lleys
cåÌise variations in el-ecti¡rn inciclence and tal<e-"off arrgie givi'g r.isc to
varietions in observeci x*ra,¡ intensity. The sur'iaco sÌro'ld be as fl.at-. as

possibleu Excossive pc-Lishing shoulcl be avoiclecl sínce it.r.encls to sr;iear tlie
sur"face l-a.y'ers givi-ng er:.ûïìeûus compositi.on an.,r.1-Srsigo For. the sarrie r"e¿rsôtr

repoated etehitig shou-ld. be avoitlecl bec¿¿irso coirrpcnen,cs a.re removed. selecl_1vel-y
or in fa'ct a neÌ.; conrJûne't'a.y be deposited on.Lhe srir.face"

The de'¿errn-ì¡at-'r-oir of coiitposii,j.c,n cr.?'ì n.oîr be.st be sh'r,¡¡l ¡y an

actual step by st-,ep sar;ple cal-cul-¿tion:-

(ar- page refei"crices jn the sa:rp1-e car.cur_a.i;ion refer to Bj.ylc,s
iliJ1ec-Llon pr.ube }iici.oair¿lvsisrr ( 6g ) ) .
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åanÌlle*Ç_ak]t]åtåo"¡_

l'lass absc::p'L,ion coefficients :

Silver. in Silver lt , = 47J (pzge ZLJ)

Silver in indium IL t , = 560 (page 2L5)

t.lultipi.ier Pr, for. Silver (Z = 4Ð is O")JJ (fcï. 30K V)

.f. --o t. ,
U/ == f.5- (irrstlumental- eoirs'¿ant)

Expeli:'iental:

t'") Irrtensity of sil-ver (pu.r'e sil.ver.) Iioo;á-,tg = ti6j5 eps

b) rrrte'sity of silve* in a silver-in.Jiu¡rr sa.rçIc r* = 1505 cpo

c) Bacìcgr"r:urrcl. int.ens:it.y = 2) cps in bol,h eases

d) cor::ectetl in-Lerisi--i,-,r-es I:.OOí == tt6)5 * 23 = L{6J-Z eps.

If = I5O5 - Zj = 1/r.82 cps"

e) Roughly estr¡i¿rtecì cornt:osit.ion #à#X a"jZ or jZø Ae

Calculation leacling tc rrF,r v¿¿hÌeso l,-'i: pu.re sil-ver"

1) tP) p t csc -LJo * o"g55 x 475 x j"B6 = rT50 (frorn page 1Ç4 Tabl-r¿)

Ft()o¡ = 45"2

^^att oY j¿;i sl. | \¡er'ô
r I,) ry, /-rr esc t5o = (0,955) lo"t, x t+25-r- o"68 >: s6cl (3"86) = 1960

F-. = rl1"9 (page lgli.)
>._

J-ntensify in sc-nple (In^.r) 
-Fn er\fr/,

Ïnr;'*lt);iìî'pî.i*" sîË#'-fu. ^ ^ ) =ç*'e"*x¡v 
v-J''

.u00, '1"00

tþi = rf!-!l Wr' \i/x = o"3Lt7 si1vcr.

Tlre r';i.glit fr.action for sil-r.¡er (O "jt+T) is thr:n tised iü stcp 2) t o obtai¡ a.

nei.; r'al-u.e for \ ¿.iicj a ìtei,r cûrÍr:osi--i.iorr W, i= c¿ilculatecl . This pi,c,ccss j-s

rcpcr-LeC u:r'¿ilW, au*u lro-t chan¡o"
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_ ð:&a¡:_D_iIte-qi!-o._1_i:i-rgrçsll+.Ly_l.lq

This techrriclue consists of rqmovirig snalì- particles of al-J-oy frorn
a microsecLion u¡id-e¡ a ste'eoscopi-c nicroscope r.ri.i;h a ha.¡c and. very srrarp
needl'e.-poh:t tool and analyzing the rriater.i-al. by x-r.a¡,, po.,.ider diffract,i.n in
the usual r+ay"

I'Iith ex1:erience in manipula'ci.ng the tool uiider the niicroscûpe
individual phases in a hçteï'ogeneous al1oy cen be ea,sÍly renov.eci a,-rd analyzedo
provicled of ccurse that the phase to be renoved is irot i.n -Lhe foi.r.n of very
sm¿:1l pa'rtieles" l'Íateii-al- fron va.i'ious åÌ.eas of tho same pìrase is scoopecl

out' or disì-orìged repeatodl-y aircì careful-1.y tr=a-nsferr.ed tc¡ a glass sficl.e ,"d.-bìr

the neecll'e*pcÍiit t,ool- untj-l sufficieilL m¿.t.ei,,jr-a.1 is collected for x-'ay
a'ns'lysis" 1t' srnalr arnou.nt, of nail- polish sel:ves as a bilrder to rvor,lc ¿-l-l the
sarnpl"e trratei'i'al into a tiny bal-l unclei: the microscope. Du:ni-ng.Lhis opera,¿ion
the plast'icity af the biirc'er is Çon'bto11ecL,,¡i-'bh a paper tissue coÌ.ner dipped
itrto ¿cetone a¡rd bi"ougìi-L 1nio close proxi.rnir,y "co the sarnple" The freo enJ of
a thirt glass fibve ¡'¡hich is rnounted in thc c¿'rnel-å sarnple holder is dippr,d
in1'o rrail polish and brcu'ght intc¡ contact uncler uie rnicr.c¡scope r.¡ith the
h¿-rdcired sa,'p].<; bai.l- 'rr,h.en the s¡ne.rl .sa.;rpl.e is Í.:ir.ml-y at.L¿.checl t'the tip
of the glass fibre i'L is aligned in '¿he por,;der cliffra.etic)n eaä.roi:â i.n the
u-su'a1 r'ray" rt is esseti'bl-al th¿t a sfereosco¡;i-c rriicroscoÞe be u-sed for the
who-Le proceclure anol not .?.n ordinary irri.eroscope l.lÌiich reversss tjre i-rnage,

o-t he:r.¡ise ¡ianipulr_'Lion un.Je¡ the lirj_croscüpe bocc:rias; hopclessly cJifficult
ar:iil uncoctydin¿-i:.ed 

"
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This ¡ne'¿hoci of oì:tainirrg s*mple rnater.ial for analy.sis by x-råy
diffract'iorr ha.s ir'rc obvíous aclvantâEes oveï' the usual methocl of filing or
grinding a 'bulk sarnple" Fir"s'L,lyo iircìj-vidual phases in a hetcrogeneou.s

sample can be a.nalyzed uncier fa.rrourali-l-e conclitionso a-nc secoirCly the
saniple is less defor"necl th.an '.^¡iren poi,rcler or" r,lhen fil"ings ar"e proclucecì 

"
rf the pha.se is 'bi-itt,1e'biny blocr<s of single phase or single grai_ns ean be

dislodged r.nth l-j.ttle defoyinatjon of ilrese gi,aÍ¡¡5n This methor-l might be

used' to adva'ntago in abta.j-iring srnall single crystals froin a rmrlti-graiired
s-ingle phase ruhen it r¿ou1cl be other'wise difficul-t to obtaj,n single c:rys-Lals

of this tnater-i-al"
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!þqt*c¡d.e_lpgr:qphy

. This is a very important technique in the stucìy of all.oys ancr

metalsn i,rhi-cir iirvolves the observe,,Liono uncer the rriier.oscopeu;.f the g¡o.ss

structur"al- cìe.La.i.l.s of the rtr:,ce.I or a11c,y. The rrost impo:.tant ,oar..t, of
metal-J-ogi'aphy is 'r.he pleparation of the speÒirne'. rr, *"nu".lu the prc..

ced-*r'e of spec-i-r,1on preps.ïaLi-rrn cc'sis'L,s of sil_x staqes:

1. Seetioning

2o Coarse grÍnCiüg

3 " I'{orui'Ling

L'r. Fine grinding

5" Rough polishing

6. Final- pol-ishirrg"

the fi*st,'l,r.ro st,ages need harcly any corr'*rerrt except to say,uhat

precaut,:ïons mus't, be taken to prevent sh¿Lttori¡g ancl ,rplucki-ng,, of the *speci-

men and to nini¡nizc heatj-rrg of the spec;i:nen so as no'L to cÏ.¡¡,,iate the efforts
of anneef-'ìng" The speci¡len is usua.ir-y rnou:.ltecì j.n 1,, -i;o:-|', circurar. blocks
of plast'ic rnaterial in a hot Þress to'facilitate h¡.irdli-ng clur.in6ç subsecluen-t.

firre grinding and polishing"

The purpose of fine g:r.incìilg is to ïeilo.¡e ¿ncl li_ynito by proper

sef'ectj-on a.ncl seo.tlenci.ng cf aJr::asives, 'Lhc zone of clefoi:rrratj-on caused by
rrsec-t'iorting and 'rcoarse g::indirrg" of the spec-irien, pi:i-or. to rrrounting" As

this 1-a-yer of gross d.efoi':rtatj-on i,s beíirg removecì a ne\.r layer of -l-essc:r cj e-
fol'ina'l,ioir i';iil ire for',:ii-i:g, caused by 'Lhe actj-oi.i c,i -i.]re rf:i-ne gr.irrcll-'g,r
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abrasive grains. This; defor'ination;*ill not be a-s severe ancl therefcre not
as deep as the fi}st "rnrl r+j--1.1 subsequen'uly bo diminished by a.pp1j-c¿rt:ion of a 

_

fi'ne} abrasiveo rrFine g:'incling'r con'Linues us:ing progr.essi-vely finer abrasj-ves

until the cefor'naLion j-s shalloru enough to be effeci,ively rernoved byrrroug¡-
pol.ishing'' 

"

The abrasi-ve mat.cr"ia.ls at'ld sizes riosl- often used for ,fi,c;
grindirrg;rrare silicon car'bide and diamoird paste of lO0 to 2J *:l_cr.ons a'd
]5 to I mic::ons resÌ:eeLirvely. The final pol.ishirrg stage shoulcl ro¡rove the
last ti'aces of the' deforniecl la¡rs¡ and ::evea.l the .t,rue micros.t,ructuye of the
spe ci_ne it "

À v¡-icle range of ebrasives j-s availal)le for. ,,final poj-ish,i-irgil"

Gal-runa aluroini¡;a oxideo nagnesÍ-un oxi.de and clironinun oxj-de al:e probably -Lhe

nlost co¡üilonly u-sc;d nateri¿ls., I'fagnesiun oxicle is parLicularJ-y srritable
foz'¿rlu'niniun based a]-lcys" Di-arnond pasi.es or f to o"oJ mici-ons aro also
availa'ble ancl a.re used in specÌ.aI cases" Tho choi.ce of abr.¿:.sir,,e and the
type of cloth userl for fine grinding a.nd rough po-Lishing are impor"târrt, but
will depenc on tÌre properties of the alloy bering propared. Iip:ru¡-es for
tliis can be gi.rren, aircr suecess is a raat'Ler. of exper.ience"

Fo1-1or'd'g the final polishi.ng sta¡ie etchÍ.ng ,uy be appl.ieci

follo'¡ed by ropcl-ishing to reveal the microst.ruc'Lur.e rno;:e cl.early. .Although

eornpila'¿íons of various etch:ing reagents sui''¿able for pa¡ticular. al_l.oys

exis'L ( 3t|)o tlte choice of the pl:oÞeï etching ïeag;ent is a rnatte:- of so¡ne

tiia1 ancl errci' ancì e>:per"ie.rrce 
"
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PREVIOUS RBLIIVANT IIJVESTIG.{Tf Oi\iS

Th-e.__fue.llqbj__l-q

Silver crystal-lizes i;ii,h a face*centred cubj_c lat,,uice wiilr cell
o

edge 4.086n (f6) " The interatornic dista.nce Ín the lattice is 2"BBBfi (16) 
"

The rnelting poiirt of pu.re sil-ver. is 960.Boc (16)" silver is not attacl<ed

by o>ry$err, but liqur:id sil.ver dissolves oxygene about tr^renty tirnes gre

vol-u¡re of the metal at. the melting poi.nt, (1Ð. AlJ_ o4ygen is re jeetecj on

solicìification" The atr.r¡Lie radiu,s of sil.ver i^s -l-,4,+C" The elec.bro-

nega.tivi.ty of s1lver is 1"8 (2) ô

rndiurrr crystallizes r,¡ith a face-.eent1.sj tetragoi:al latt,j_ce r^ruth

ce1l ecìp:es e =: ¿t.59{r+1, c -t*"9511 ffe>" The inte¡atornic rlistance is 3.25R,
Tìre crys1:8-l- stntctui:e is a.lso desci'i.bed as 'rcn'bj-c cl-ose cackecl. i-:"ith so¡,re

distortion" (62). llhe rnelti'g po-i.n'b of inc]iu,n is 7.J6"2 (1.6)" cold ai:"

lras no ac'Li-on olr irrd.iir-rti bul;o -,.liren hoto indilurr i.s ox1clized by ¿.ir"-bo rnZO. 
"

Itritrogerr a.nd hyd::ogerr co not i'eact i^¡iilr iircliu¡l up t,o 9o0oc (j-B). No allo-
tropic for'Íts of iirdiu-ril eÌ'e knot¡n. The atolnic radius of indium is 1" 6?j?r"

the e'lec-Lroneg;at5-r,it¡r of i-ndiu¡a is 1.8 (2)"

-¡\lurliniu;it cr'ys'ualliøes r.:ith e face*cent.i:ecl cubic la{-.-Licc .v¡j-th

cel-l ecl¿1e 4.0491.f (f-6)" The rnef i-ing poirr'L of al-u-njni.u¡a j-s 660"ZoC (16)"

rt j-s r.¡e.ll- icnor.m t,lla'L aluniirj-uni ree-cts lr'ì.-Lh oxygen to for.tr A,1-r03 even

at roolr tettiÌ:e:ratui:e. The fate of ox'irla-L.ion is l-or.i ho¡.ieyer. A.1ur;i:ini.¡¡n

absor.bs hydroge:r at hi¡4h te:.npera.tu_r-es (e"s" -L.BZ.cco at 900oC/100 gn" A1

(fg)). 1'ûteu hea-t,ed. it ::eacts r+rth nj-tro¡,en 1-.c forrn A-L Ìi" Abcve l-OOOoC
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it reaets '.^¡ith car.bon to form A1UC S Og)" The etomie r,acjius of aluniniurn
is 1"/l^311. Thc electro¡regativit¡r of ahulirrilu,r j,s L"5 e).
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Il,rp*Ð"j*l*gy_Êgg!-e,ir-.Â.i,*¿*tiul::.I¡:C^i_u!

Thi-s b'ìnarf s;rsl¿;¡l i.iås fir"s.l: invssliga.i:.eo by S, Va_!_entinel arrcì
'f" I'uziche' (60) bv rntsn.s of thc¡'iiia.!- erralysis, p}'c-l.criicrog::e.pi:y a:rtì x-.l.¿r.y

p"o';.;dor cjiff:'_-actior:" They. founcj the .l_rv¿r iiie{.¡rl-s to be l_ar.guly Írilnis.:i_ble

in bc'L!'r the so]-irl ancì liqu1cì st¿ries" I'he liir¡:its c,f nj.s;cibi-l-i-.ty i' the
r.rr':-l-ten ¡;La,te a-t 63ra.Ôç i.rei'e gi.r,e:r as 1J e.i-.,c1 Çg r,rL" pe:: cer¡t ji.idjuiìr 1,ûsper-
'Uive)'y' /rr¡iclc flcln tÌrese t',¡o expe'i'ilìr.3)lta-l- pc:'i.n:Ls no frri.lhe:.iiivesL:igittiriri
cf the rtiscib:ï]j-'t;'¿u* ¿ fui:cti-on of ternp,ay¿.'1,u.:..e'rJ¿rs ïÌirr.Jeu bu.i; tr+o phas,e-

reaeti-or::;o Íz ffioïiùtectÍc ¿.nd a. eut,eet:ïc, ï:ere rc¡:c::t.eti.b,y tÌ.iese ar_t.Lricrt,:; at
63i+t' C e.nC lJ6oC ïi-:sp.tc+jiì,"û_l-y"

Il" lìaub si-1d 1.1" Bi.i¿;el. (¿l,B) '¡h,: a_Lso :ì.nvesti¡;r;.Led t,hi:; eysLc'.:

found tì-re r,iu,¿ua-l sc.'l uìrj_lity to b_a 1/"] a.i:cl ,rÇC cir ìit.,J:*û,rpe:r.ci;nt iiirliu;ii
respectivcl-¡ at, 6jtl.tC. In otìre;i. resirlets ilre .Luc j._i¡.i¡c;l¡tj,g¿.t:ïc¡:s :,i.gi,i:crìo

¡'¡[' c¿:ripbe]'i et al (20) re:l-r¡vestj.¿a.'tr:,J t]re .systern eilpioyii.ig qu-enojr:¡ì¿î

and chEriiical atla-.¡'-i¡s!s" Tile resr;J-ts differed so¡rlc:ithat f::cn¡¡r th,:¡;e cf tire
p:r'evious irri'e sLig¿tia:rs" rli p:Lrticulr.ro the;r f<;r¡:rci tire :in,ciura".r,icìi ï..lquitlris
a'nc tlie¡ isotherrnall- reaciio:is tc. be at E-, solrigi,{iat }ri.¿qhtrr, -Leriipe:.:at,u:i,e, ¡t
63g.6oc thel' ¡çr*<J the rrutua-l- so-l-ub:l.l,j.t;r to be 20.J aric. Ç,/"2 per ceiit j-¡riirürr

resl-.ecti_vcly"

J. t"{. I(rr.¿¡¡1a1<

tni't du.e¡ to e;:¡eL:il,.,enr¿a.I-

(41) attelipted t,o d,t;-be::¡ri-i;s¡ ti:* ,riniscil,j.Li.ty gapn

cìiflficulti_cs dicl i.¡o.L i,,hoi-t j¡ sriccee¿ìo

a:':C Iì. I.Iagcinann (?Z) de1_cr.;*i.itei t],c b,;u'cl¿¡ics of1t,II. Cs:.,ì.rJ:e,i.j



¡iubual- sol-ubil-it)¡ ccrrrpl slely in

ture" The critical ternperature

¿.ird 68.8;í indiuia respecti.rre_ly.

i.s shor.¡.r in Fig" 4o :nay* thus be
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the ¡rclten sta-'¿e as a fui,rctio:r of tenpera_

a.rrd r:orriposition r,^rel:-e l:epo¡ted as 91,,5ÔC

The binary systen A.l-rrlrriniwi-ïndium r,¡hich

consicìered to be cclriple1:,ed.
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&-g-*II-:rn*iry.-åv:r-.ÞS+...AJfuif irl,i:.i¿lygr
Extensi';e i.,roi"ì< by na.iry i-nvr:s'Liga-Lo:.s ha.s been done to estabfish

the curretltli' ¿ss.Þtecì Þhase cìiag:rarn cf.this sysiein shol,,:n in Fig" 6" The

four sraaI1er phase dia.grarns sho-rnr in Fig" Ju r+hich t"rez.e put foi.i.;ard by

i-arious people at various t,ines eonr.rey graphicall-y soraething of the evol-u*

tionary process that stuclies on the syster,i ha.ve u¡dergoneu

ColloA" i'lrit:lit (69) shoi,recl that, the 'br¡o metal-s are coyLp1-ete-Ly

misci-b.'l-e i¡ the -Liqu-icì st¿.t,e.

II. G.au-t.j-ev' (22) r¡as the first to inr¡cs'L,igate the 1-i.qu.iclu..s" l1e

fo'¡-ncJ e rna):j:,lurn 'in f ho -l i ¡rirlrr< al l-r-"lf per ceiit alu,,niniu¡r coi,lêsnn.,rd-j:ro

to Ag.À1._L

The coirplete ohase--Ciag:'am was first, es-tab1lshed li¡r G.I. petrenko

(L',6'¡ by therina-i ana.l,.y.sis and photo:iricr:ogi,aphy. Ile bel-j-evecl iha.,c, clisiinct
an',*¡,rr-,rr' /,^ ^'r (tt"U-,i 1i-r) air.-l Ag"1iJ- (f "tg.,; A1) exj-s.Ued br:_t he did no.b
u vr¡rjJu w lu þ 

^()zJt-L \ J-L o IJ-,J Jr.J / ¿-tlì(l

ob'¿aj.n e ma.xir,nim in the -Liquicìus curve a.s ÌÌas fou_nd by H" Ga.u"t,j.ey, (zz)"

A--v,Iest,gren aird A.J" Br.adl*y (6j) n employi.rrg x-T;ry o.iffrar-:tiono

found a horiogenous phe.se coïlrespoi'tc1-ì-ng in corirpositi-ori to ÂgrA1.(13r) l,¡tricl.r

exj sted o\¡er a. very l-]ê.r:--r'o"rü co:,ïipcsj-tion rs-i'ige aricl had a p-.nÐ.rigenese t¡rpe

st,ruc'¿u:re rçit,h tr.metJ. ¡.'Lcr,rs pal unit cell . rn aclcit,ioir the¡, ¡6*rcl a secoircl

interr,iedi-a'i;e -ohs'se ('y) r:i-th a Ìrexigonal cl-ose.-,paekecl crysLal- s,¿r..Lrctur.e and

a. Ìrorro¡seiiei-t;ir rel'lge of 8.5 * r4"5 pci: ceirt. al-ri¡ni_nirun a.t no sp.ecif'j_ecì

tenperal,iire. They erl:;o in'iros-Ligatecl flre 0..-sol.j-cl*so-l-rrbility ]j-rnit, p;ivi-¡g

it a.s lp ato:,iic pc:-'ciirt, agaiir r¡it.houi speciiy1ng the cúirr.esfJoncji.ng -L,eirip-

e:ratu:r.'e" The above ar¡-thors rc.jec'Led 'Liie e:.:j-stencc oi the cornpou-ncls Agr.A.l
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and Aer.4'1, r.rhich r.rero repor.Led by lJ. Bronier.isþ ( 23) o¡ the ba.sj.s of re*' sístance and tetrrpe}ature-coefficient, of r-ssist,ance rrieasul,emóntso The ?rgilr

âÎid ttttt phases r^¡e'.re 1¿rter clesigira.tecì by T¡/" Hune*Rothery e.L a1 (jJ) as
tt 

þtt rtld " f 't respec.Lively.

Although nearly al-l- investigat.o¡s seémecl to agr.ee çrat a liigh-
terçerature Ê-pr'rase e->:istedo there rras disagreemeht rega::di4g tho transfor-
nation of the P-phase" AccorrJ.ing i,o G.r'" Peti.enko (46) anc A. Liestgren a.hd

A"J. Braclley (8)o Ê i.ransforrns into ßr at appi:o;ci:1ate1y 610oC" The findi-irgs
of '1'J' llof¡;rann s'n'i K'E' l¡ol]c (32) inclicatecl that the Ìrigh-ternpeîat're f,-phase
had ¿L cu'l¡Íc bc'clyeentrecì cr:ystal Iat,'bice abor¡e 6050c, tr"a¡r.sforrning into an
hc;':a.go,=;iiJ- close-.p:.cìied phasc at soiite teniirer-e.trr.y-.e ¡e.l,,^iee r, 6050C:incl J10oC
(¿n'J rro'i. in'Lo Êt). ì$. Ageev¡ ¿.rrd D. Shc,),}:et (ll.Z,t:.3,4t,ç) fc,urrl the j3..,r_¡hase {_.o

bv'ealr rip in'uo a rnixtu.r.e of t.y¡o 1:Ìrases (a.l y) a.L (lgoco r.¡h.ile at sì.ightly belou
l+oOoc the't'"ro prri,scs.suppclredly r:or:o:irr:ine.bo form a s1ngle briase (Br).
F.E" Tishcherl;o (56,5Ð for;¡:¡cJ.l-hat the F*pi.ra.se (riìrjch he c¡rlls A¿grA1.) trairsí.or.,rs
into Bt a'L 606oC. iIe also repor..tecì ilie coi,rpound AgrAl2 hai.,ì_¡g a rnel.l.i-¡g
point of lJZoC alrcj beconin¡5 s.Lable; onl.y above Zlloc. Bc;lor,, this terrrpg::a.L,ure

it s-uçposecì1y cìecor:¡rcsos itit,o sol-id solut.:ïon c¡f ¿l-urniiriu.ri ir-n Agrl,,---l-" .4c*
coi'iJing to If ' l{a'nsei: (26) t,le coiicl-uisi.ons of rishchenkû p*re er.r"oi.iecris l,ri.Lir
regjal:í-ì to the cor,:¡tcri.iiC Ag.,ÀJ-,

Thc,¡ pai't-i,a3- plia.se"-o'ii:.ff1"âr-rrs of B" c'epaz (35Ja) rù. .Ageci,r and J).
shoylrot (42-,t1'3rt¡t1') s" rshicìa-, rí. Tajiri arrcr l,jo ríara.sar.,,a (36) ai-,¿ r"
Obinata a'nil l'1" lla¿31ya (4'5) siv*n in Fig" J ref1.ec,t..t.li., crj_.,¡e::se rcsu,_r.i-.s of
irir¡esi,-igat,ions oir t.hjs binar.y s-\,sten at tha.i: tj_nic. Top" lioar. aäcì Iù"K"
P,c¡..'irti:'ec c-]¿Li.ifi.ed ¡;Õne of the cou,cr.c\¡ot.s.!., (jl_) 

"
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T\^rô peritec'¿ic reactions occur in this sysi,ern l.¡hich ha.d

'î7r'r.i 
^1lq'lrr 

Ì,oa- ¡ìa'l-nr.',i'.^.1 f--- -l-i P¡^--^.^r --^--t--- -.va¡rv4ÐrJ -oo,, .le-t errninecl by clifferent r^¡orkers: fo:: o. + L äj: ß as

?70oc (6Ð; ?79ac (31); ??ooc ev6); zTg"goc (S:)t ??t.oc (52,5Ð; fc'
P ¿.;;í L-r"1. (at 10"0 .- 10"8ií At) " TrB * Tzjoc GÐ; 7z9oc (¡r); Zzzoc

(52,5a); zr8oc (r+ó); 7à6"goc 3Ð . According to E. crepaz (3a) n third
nowi*a¡'l in r-,¡-a4ps¿-LLsuu:-u 'e:1çúion taltes pla,ce at 698oc clue to deeornposit,j-on of Asri.rr"
SirniJ-ar:ly the eutectie ter'iperature and eonposit.ion r^rere variously deter¡nined

as 5,67oc (46); 55}oc (zÐ; 56}oc (38); 566oc (49); a-L lloii Ar (27,t¡57,

3B"oí, AI (28); 35fi t\I ß5); a.nd 25"5,í, ¡'1 (38)"

The s:ilvef o,*solj-d solution bouncìary r.¡as first det.orririnc..:d by G"T.

Petreirlco (46) an¿ r'ede'l-ernirnecì by Ä. ,,r/estgreir and A.J, Bradluy ( 63)" vl.

Blonier'¡slry (23) B" Beeknanr, (25), ì'f . Ilansen a',1 G" sachs (z?) enJ i..I. Ilu¡re.-

Rotlrery, G.ì{" l'{abbot'|. alld K.}'1"C" Bvans ('6), r^rith r.es¿l-ts r+Ìrich agreecì

fair-.l), lrel-I, By nteans of clensi'l-J¡ aÌlcl latt,ice par.arrlet,er xieåsurenent,s Ao

rdes-Lgren âncl A"J" B'adley (8), c,s. B¿*etb (BO),8" Je.;te and F" Foote

(37) ana S. KuÌrubo (¿10) clairnecl that the q.=.sc:l-icl sol-uticn is of the sub*

stitutional- type but R"T" Phelps ancl l'I,P" Davey, UtÐ o'i-sa64reecl i+ith gris

concl-usio¡.".

The al-urninj_urr-.¡-solíd solu.t,ion (cl A1) bounda_::y v:as c]etei.iirined by

l"f. llausen (z7,ZA)" Lppar^ent,ly no such ü-pha.se r¡as founcl previously by G.{"

Petre;nl<o (4'6) but lJ. Broníc,,isk3, (2-j) ¿icl fiircl sueh a. ter¡lin¿l phase" r,,I"

Kro1l (39) ana l'I" Tazal<i (5Ð t-r.t"r confirmecl I{. Hanserr's (zZ,zB) r.¡ork"
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G'v' lìayrrüï â'nd D"i'I' l¿¡uman (L',9) ra'cer::.eclete¡-rrri-inecl the sol.id-

phase bounc'ar-'tes" Tn conl-r¿¿s'c to rel:o:'ts of pl,e.;ious r.rol"l<ers iliey found ilrat
the o*bou'ncaÏy r'm's no-L snioot.hu but exhibil;ecl a na:.Ì<ecl eliange irr dj;:,eei;ion
i.n the regÍon oÍ' tp9"l+ pe:r cent As (by r¡ei'ght) at a temper¿..Lure af 526oC,
The rnaxi¡rum sol-id solubility l'ïas repor-tecl as JJ"6per cent Ag (b¡, r,,eight)
,.t ttr* eUlectic tegpe¡atu::e of 566oC"

'ttl " Iluine-Rol'hei:yo G.l./" R¿rynoro P"ld" Re;rnoJ-ds elr¿. H"K. packey (33)
confj-r'¡ied'L'hs'eltis{'ence of a hi.gir*tempelatu-r'e p..ohaseu es-Lablisheol .Lhe bou¡-,
daries and red+'t'e.,liilcd thc crystal :;tr-uc'Lu'e, v.r.z-, ctr'ic body-ce*tr,ecr-o
¿tnd fou.nC the ti¿.nsfor.rra..L:i.on tenpera.l,ur.e g ._+ y ( g ) to ¡e 603oC" They
coiiÍ:ir'¡necJ' .'he 's1;r'ucture 'f the y-'ri*-'^ ( g ) as hoxagoira.ì- c10se-Þa,-:]rec.
Tìre¡r 6.fs6' eo¡:rfinned the sL,z,ue.Lure of the r3,*phase (¡t) to be oji the F-
m¿.t-ìgå.'rìese tylreo ancl es,cabl.isìrecl _bhat i-.L exis.Lerl a..t Z"? per cent, a]_umi¡iurn

.(by 
'r+e-i-{rt cr 2) ,''con)'c /' A-L) r,¡i'L,hiir a ner'r*or,; range of cornposi-t:io'" The

bi.nar¡' pha.se di-a.¡qrail of the sysi-,em .A.lurn-jirjr_ä:n_Si1r¡e:: 6;iven i-ir Ìrig, 6

eritbodj"es the i,ro:.j< ancl resuf-ts of n:irr;\r pcoÌll-eo The a-l_u.raini-trirr-rj,c.h s_ïclo j_s

nainr-y crue to ì'Í" Hansen (zz,zg) i"¡hile the sir.ver_ricrr sice, iir lts fine',
detai.l.so i-s clue io i.I. hu¡re*lìc.i;hery a.nd assr:cia.i:e s (J3),

'ß' voluln-intu"; bcd¡r of l-j-'L.er=¿ltu:-"e also exis.bs on th¡; :ì-riipoi,.Ls.*.L

non-er1uiljbÏiu:r'i aspects rrf ilr-is sìJ¡s.texif such as precj-pi.bat,iono ,kine1,_i_cso

,su'ire::'sa't'u'r'a'¿j-On å.rril lïeiâ.sL¿¡rl-c phasesu bu--l, r,¡i-11 no1 be revier":ed. hei,' since
thcl;' ¿¡¡ no'i; rep::esen,t. cqui_l-:ì-l:r.iuin stai-,es"
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fl-re__Ði-q¿Ðt__fu Sel-_silyeÍ:IrÌd fu I
v"l'f' Gordscrrrnicrt (24) rou'd an hexagonal crose*paeked phe.se (Ag.rn))
havÍng lattico coirstants a. = 2"9J0 lcX a.* Lv"76g kX"

L"L. Frevel and B. Ott (21-) fu,rr-,d thr.ee i¡rrte*rnediate phases

rgom ternperature (in acldition to the tivo ter¡nina.l soricl so1u.,¿ions) t.r.¡o

which they repoz"ted to be hexatgoir¡'l- ancl the thirii to be face*cent¡ed
rbel'y rich in ilidiuni'r" The la.tte' phase is presurnabl,y the incriu¡a*r,ich
f¿-ce-centred tetragorial pha'se "çl'r, only o¡re hexagonal pha-sc is Ìcnol,rrr

exist in this sJ'st-,e-r,io

The first {'o inve'st,i-ga'te 'L}:e systerir cornple'bely a.nd sys1-enatically
by tileans of r"l'ay por',cìer ciiffractioiio photornicrogr.aphy ar:cl t.lier¡lal- ai."l;rs:is
r¡ere von F' i"leibl<c+ ei'rrl l{o Eggers (61)" They este,bl-ished ilre J,iquÍ.cìus, thc
ve*ious res.ction i-sot.hci-ins e.d súne alipro::i',:ate pha.se .bouncla.l,ies. 

Their
phaso-ciagraÌn is sÌror.,-n i-n Fig" r" Bi.i-eflyu solne o.f tjlei.r resur_ts are;
The silver-rich ter:.nina_'l- soij.cl soln.blcn e>ltends to 19"1t. pel:. ccnt indiu,rl (by
r^rL.) a.'c r:oon t.er,-rpel.at.u::e arid 1-!.g per cont incìir::n at 693oC" A ph'so r,6,1

exists r,¡ithín.11:e coiripo.si_.Lion range of 26.8 _ 33.i- par cent indiuln (by r.rt,")
at 

'crorrr 
t'npe::atul-e" Ì,leither Aerf' (26"2:i fir) nor Agrfn (3t+,Tl,In) fatl

r'¡i-J¿hin 'chs ìrorto¿;ûlieolj's ï¿dlìa;e o:t tlie 6 -phe.se . on the :ïrrclirÌÌr-lr,j-ch sj_c,le a

pha.se (l) ex'st.s r'¡ifh ¿r. fei.i ì.cnths of a. pe::cent ran¡.e i-i.r coulr;osition at
either f0 ox 75 per cei¡.i. j_ncljrnnL (b¡, r.¡.i;")" They app:r.i.ei:{-Ly 1^rei.e r:.r_li:.Ì:_l-e to
estab-Lish r.rhat.bhe corirrosji:iori of ilra.t pìras,.) l.ias lnc¡rc closo1_yo bociiuse of
conflict'itrg expei'-irnei:t'al d¿tt¿" They' also pci.nt ou.L t,h¿rt no cliffere:ice i-¡r

x'-r'ay' por+der cl j':lfre'cLio:ir p3't,lelii.s coir-lcl ì:i; ol-rsc.i.rrecl fc¡r .ijl.lc ryr alld r!ô'

phas¿:s' Thc la'i-'¿ei" si'i,iìrol. r'las si.rrrp-l.y ii:tr'oiìric,e¡l -to ¿-ccou,n-,¿ lloi:. crti:.-,;¿¡.in

(6 or y')

^.tdú

of

r'lrlr-ì a

{:o
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o'bser-ved thel:'¡n¿r-L eLefcc'L'.sjo. They clid not at-i,enipt t,o deterrrrine the cr.ys,ual

. sbructu-r.es of the intetrnedi-ate phases"

'1.,I. Hume*Rothery et al_. (6) i.,.,r.".bigat-.ed the silver.*rich region
of t'he systerrt onlyu rüth the primary aiú of establishing noL:e precisely the
solubíIity limit of inclirun in silver' es a function of temperature" The
liquidus and û'""solj-dus as deterrniner! by these aufhors agree r.¡ell with those
determined by von F. l'/ei.blce and Jl. Ìlggels (6r), but the¡r differ in tho position
of the o.-phase boundar-y by a.ppi.oxr:nately one per cer¡tn. r¡tr. Hume_Rgflrer¡,6¿

alo (6) also ce'::rj-ecl out high*temper-atuïe x-rây cìiffraction invesLigat,ions
esta.blishing'uhat the B*phase. lvhich Ís s.Lable onl¡r 1¡, tlie te¡rperatu_re ral.ìge
of 66o0'to 693oc, is bou'yeentrecJ cubico rn this respect their inve.stj__
gation alrpears to ha-rie been eonfi¡re,J to the (cr r- S) i.egion aircl no latt.ice
par'arre'te:r.s for the $'phase r.jeie repor.,r:ed 

"

D'P' l'loruis end r" l'/i1l-j-ans (67) cleteriri-ned the lattice par.ame.l-er

of the ¡3*phase by Ìiigh-terirpera'Lur- e x-r'ey criffr.ac.t.icrn p.s j.3r¿az?\ at 68l+oc.

von IJ" He-'l--l-ner' (zg,3o) Fig" 2u r';ho investigatecl ilris sy.stern r.rith "¿lie

aim of det,erminingç ilre ci"ystal struci,ure a.y¡d the e>;-L,eir.L of gre regions of
homogeilei-'t'y of the iii'¿er'rneciiate phases founcl ihat air al-loy of 26"6 per. cent
j:rdi-run (by r'rL"), col:r.espûrrdi-ng to Agrrne r.ras honogeneous s.t both 600oc a'cl
15OcC i^¡ith no 1¡asic differ.eiri:e iir cr.yst,al struc.Lur.e occurring at these terr,rp-

e::atures" He assrjrled that a singl-c phase lvould also be observerJ a-L rociri
tetripei'ature a-L this corricosi'Licii' He l'owicì ilra.'L the risinp;l-e-=¡;ì.râ-se,r rcgion
"ô'r repol-t,ed by vel:. F" 1,.Jeii'.Ì:j;¡-: ¿,,rrJ li, Eggers (6r) ¿:i¿ i-iot, exj_.s.t. and r+as real_Ly
a hetel'ogeileorrs iegì-ctr consj.sting of (rt -t- ( t) pÌrases" iìe reipor-terj tìre,t.
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the yr*phase h¡.rd a coiriposi-tion range r.grrn to Agrrn (Agrrn falring i,¿ithin

' tho hoitogeneous regicn) and that. it haci a hexagorral close-packed st,ructura
with a - 2'gl+g I antl c * 4"794 "A, in good agreernont r.¡ith the velues i.ep'r,ted
by v.l'f " Goldseir'lc)'L (ztv)o He found the. 6r-phase had a corrrposi.Lioil coï-.
respondiirg t'o Agrrn (34"7'ìi Tn by r.rL.) and that it had a y-br,ass t¡rpe crystal
structure (complex cubic) witþ a * 9"885 f u..rt apparently no coìlrposition ïa'ge
¡r¿s deterrnined" The cornposi'uion of the Ø-phase he reports as Agïn2, having
a face-'cent¡'eo' tell'ag:onal- stvncture of the tyne cil.A,l2o rr-ith 1a,¿tice con-
stants a = 6"869 I ana e = 5"60u î. The limits of corrrposition r:ange were not
deter-¡iineci. The }Íil-l-er incjices foi. the (r ancì / phases of the x*ra]/ dif*.
fracti-orr li-nes ar.e give'(29) ¡rrt not fo:: the y,phase

To explai-ìl solììe heat effect-" observec ¿.t zol.toc but rvii.,h no col,*
res"rond:i'ng chang;e bej-ng observ'ed in tlie x*rål¡ dif:î:raction pat.i,orirs Von F" 1,./eibke

a.ird H. Bggers (6-l-) post'u,letecl en orCei"-clisor.der tr¿nsf.r¡,raticn € I ä: €
r¡hj.ch llel-l-ner (29) retained r.iithc¡ut ha.r¡i.ng aÌry cxperimen.L,at p;..o6f for doi'g
soo 'A si¡iilar si'briatiorr exi-sts i+ith r:egarcl to the ,yr äÎ? y oz.der,-'cJis.r,cler

trarrsfor¡rai'ion postulat.ed by Hellrrer ( 29) t.o expla-5-n hea..b effeets <¡bserved

by von F"r'Ieibiçe a'trcl II, Eggers (6r) at )-BToc" Thc moclifiecì ph:r.se.-ciagL:a.r' of
vorl E' H.Ilt'rer'Í's sLroî'Ii1 itr Fig" 2" llire cr.*phase boundaly of tir:is; syster' 1,¡¿,.,s el,so
very c¿Ì'efuli-¡' detei'lnirrecl by E.À" o¡;eir ancJ E"i',I. Rober-t.s (5r) over the enti*o
terrtpe'r'-atu7'e Î'2-r\g€), ancJ.'Llie resul'l-s are irr ve?ï goocl a"gree¡irent i,;j.th thos,e of
rd" Ilune""Rol'hei'y e'ú a'7-o (ó) ari¿ i,eibÞ.e ancJ Eggei:-s (6r) so that tìris par-b

of the syst'ern can be corrsidered to be r.+er11. çs'caÏ-r-l.ishedo but, in gre coniposition
l'eÏrge of 23 to 40 pel' cctrt i.nciurno the cîata of t.he tl+o plev5-ous invesii-gatio's
(29"61") ai'e iri conffict in a nil'¡rbor of j.nstanceso r.rÌri-cìr olrì-y f,rrr."ther r,¡o:¡.]r can
c1-ari-:ly"
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The__irleg+"ry*:lyç.!*eiÈ

Tire region of j-:r-r,-rj-seibil-i'cyof the no'tte¡n inetals in tlie terna.ry
systen r'¡as de'Lerrninerj. as a. function of temperat,ui,e ancì conrposi.tion by
carirpbell ancl r'''trageniann (.'12) " The liquiclus r¡¿.s als--,c ssntle.beIy deterrnirred
( zt ¡ " Tìrese are tLre on]-y investi gations ca:"ried out on the ter.nai:.y sys.-

te¡io
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EX P]ìRIì,IEX]TAL TECHNTQU]IS

i\r|!¿_eilLel-arq

. Silver:eþf¿.j11ed fro¡r Ì'{athesou Cole¡r¿.n ar:cl Be.Ll- Co" Ltdo¡ T,rås

jn neeclle :Îor";n and stated_ tc be 99"999,,i, pureó

Indiurtr: fngo'r, foiroo 99"99 per cent ind-ium or bettero obta.inecì

f¡.'cm the consolid¿rted ì'ii.ni-ng ancl srnel'Li.ng cornp:,.ny of ca_nacla Ltd"

Alurninj-un: Ingot formu 99"9gL!, per cen-L a1u-nin1i;'i, (O"OOIg,íl

l'o. fì ôfìl n ,l cr . ^ a\.rl ori' ^. \ -r ,lvi vovur-otD rr-; 0"0018;¿ Õr), obtained frolr The Departrneirt of Ì,ij.nes ancl

Technie¿-1 Su.rveys, I.lÍlres Brarrcho Ottal.¡a"

The c.st.ij.ficates of analys-ìs r,r.ere s;r-rpplÍ.ed b], th" respectige

corrrpanies and the goveri.rÌnent ageucy"
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' ¡.lloys of the cJesirecr cornpasitÍ-on .r\rere pr.epai:ed by weighing
accur¿:te1y the püre coüìponents in the requirecl propor.,iio.s" prior to
atry heat treatrnent oi: differential ther-irral analysi.s all al-loys r.reiro lionio-
p;eniz'ecì in a'n elect.ica'l inclucl-io¡'r furnace unc]e' inei:t, atuiosphoi.e in a.

rrcell'r shoi'm in Fig" /" silver*inrj-'run alloys r.jere cont¿.i.,ecj irr a clua.rtz
thirable (tube) r'¡i{:hin a boi'on nitride cyrincìe:y qu.as,tz has ¡io actio¡r on sj_lver"
or" itrdiru't undcr the conditi<¡rr iir question. rn the ri-,ol-teir sl:a.l;e the all-oy
was stiÎred vigorously by i-nduced currents .. the st,ii"ri.ng ¿.c1,ion cor:-l-C be
observed vi.su-:rlry qui-Le clea:rly when -r-he supportirrg contaiiler (boron
ltit'ride cyl-i-nder) r¡as not coverecr" Aí-Ler five to ten rninute.s of sti::i,ing:ln
this fa'sliiotr the al-l-oy i'ias alì-owec to cool, aftel r.¡hj-ch it, rças subjected to
Ìreat treatnei-rt or differential ther¡-ral analysis" fn the lat.ter ease the
boïon nit'r':ì'de c¡zli'nder eontainj-ng the alloy r.,,as inserte<J j.nsicle the copire,'
cyli'rìer' and t,i'ansfer'::e<J to the crifferential thertnal a'alysis ,rce11,, Fig.
10' subsequeni; arloys of different corrrposition thich rvere to be ar:a3-yzed

by this reetllod lrre'"ê Þrepa.red by succossive aclclltj.o:,s of pure cornponent,s of
ths exact anoun'L to tìlis original a1loy r¿hrch r+as then horno¡;eiri.zed as des*
cribedo after each a-clcrit.-i.orro After eigÌri. cif:ie-i:eiit alloys lrer.e pperjareo. b;,
suceessive ¿.dciti.ons encr ana.lyzecr tlier'ally a totally new a1_10y Ì,¡as þl.cpcl.ed.
Tertra'r'y alloys lirere tleated i.rr the s¿¿ne ,,'ray, e>icept that srirall ¿lr.rLdrrm

crueibl-es r¡,1€Ì.e u.s€d ra.t,hci, tÌran quart,z, becau.se al¡¡ij.¡iu¡n is knor¿n tr¡ a.ttaclc

QÙ'arLzo The t(]l1ipeI'âiui"e of horno¡1ern:iz¿l-Lion r..ras ûppj30;,::i_rnately 10000u" A

fai.nt r'retall-ic cìeposi't,:.ias obse'yecl on the g-1.¿¡s5 l';1ls in,¿'e co-l-cl::e;i:l_on of
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the-'rcel-l 'r clue to r¡olatiIizationo but eveir after ten r-epeatecl Ìroinogenj-zation

trials it rvas eviclent th¿:.i- the quanti-ty of rnet.a.l volatilj.zecl r.¡as ver.y small
in rel-a'tiorl tö the r'rcight of the sarnple r^.rhich r.¡as i-n the order of ten gi.a.rnso

Chelnical analysis for silvej. l.ras per,fcrmed on t.lrc¡ scpar.ate alloysl l,¡hich r,¡ere

subjec'L'ed to ten hornogenization ancj differential ,cherinar_ analysis c]¡cles,
a'nd the loss clue tovolatili.zation r,¡as confinned to be negligible. The

cornpos-'r'tions quoLecJ are baseo' on weighecl-in arnclunts of cornponents, All
ccrnpcsitions are gi-ven iir terms of r+eight per. cent unles,s otheruise s,L;ated

ÂI1oys t'o ba usecl for x*lia)¡ cliffracLion arralysis ancl photornicro-
graphy r^¡ere hontogenizecì as clescriberi but no thernocouple shíeld r.¡as frozen
int'o the al'loy. After cool-ingo the alloy r^;as cut into thr.ec or four pieces
t'rhich r^rere se¿'letl incividua-L1y j,nto eva.cuated quartz arripuì-es ancl t¡ri;n
subjeci'ecl to t'he clesirecl annealiug treatinent r,rhich is coiirpíIed in Tab1e 1,
for the b:lar.y a}loys,

The prepa::'ati-o¡r of microsect:ions corrsisr-ecì of gli-uding .t,he an_

nealecJ specitlen'"ri'¿h suecessively finer abrasives of sil,i.con earrÌ:-ìcle using
r^¡ater.as a. lu.bric¿.nt.. Diacrond paste af J_5p, Bþ anà |þrespcctir;ely r,ras

userj successively irr the fine* g}i-ncìing st.agc. The specirieirs r.rere finally
polished very briefl-y r'ritÌr chroiric o:ride rr.sing a r^reak cletergc;nt solulion, as
a 1ubr"j-ca.irt. Cons-jrderable difficult¡, \,ras encoltntererJ in tryìirg t,o obta.i.n

seratch-free sul"faces oi he;teroge,'reous al-Loys cìu.e -Lo the large cìj-ffer.ence
j-n harclness of the lrticro"coi'rsti-iuen'i.s of sucÌr alloys, which co'si.sted of
ha::d and bïii'tle' \rftt-tvmet'a1-1ic phases erabedcled in e veïy sof.[. raatr-Lr of ne¿rï,lv
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puÏa ind.íum" simil.ar cllfficulties T.¡ere êncou.iiter-ed in etchirrg these alloys.
The soft riatri;< '"¡as readily a.i;tacked by all r:tcliir-rg rcagcnts tr.ie¿o rrhiJ.e

the in'¿ernietaÌlie phases sho"n;ec'ì greaL chelnical resi-st¿nce to raost such

reagents rihen ir''rmerseo'fo¡ ten to fifteen seconils" The nlosf suitable etching

reagent for hetl,eÏogeneous aIloys of indiun*silver" r.ras an ar,uio¡.ri-um persulfate
sclution (34', page 1l-ll)'¡hich had the pecuJ-iar qual-ity of colouri:rg the

fl*phase brol^m r'J.]ieneve:: it ivas p:"esent, and ilrus eoulcl be, useri conveiriently

t'o ident'ifJ' this phase unartblguously under the mieroscope" Al-loys ruh:ich dirl
no'c coitta.in the sof-L indiurn rrratr.ix l.rere dip-etchecì in iritric acicl.
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!,ilie:egt.¡cLJ]rerLa,1_Al:_1yris_

A rrHoskins" resi-s[,a'ce-type furnaco (1"8 e ) r.ras ,sed to
heat the a1Ioys" It consist,ecl essentially of a. vcrtical t¡be of a ¡efrac-
tory.material-, fifteen inehes high, lf, incnes irlbeni¿].. diameter, closecl

at the bottcn and packed inside wåth quar.tz rtool ,co a rreig;ri,c of firre
inches" The r+hole cylincli'ica1 tube upon r+hicli ilre heai.ing elenrent, r.ras

i+ottnd tvas ue1l insu.lated therriially (pig" B). Current r¡as dra.i,¡n ryort a

lov¡*volt.age variable ("Surges") tralrsfotnel:. The output fro¡r this .l,r.ans-

folnter r"Iâs connec'Led to a 2J arnper"es var.iable auto-l,r-airsfo::rner. (,,por+erst¿.¿,,)

r'lhich t"ras rnecht'nica.lJ-¡r- couplecl vj-a e. gear"-recluction system t,o an electric
notor. The 'rpc';,'erstat'r r,ras protected by encì*sr,iitehes, si,ritc;hirrg off the

driving motor r.¡hen the tnax-Ìrnu¡rl or inilriniuLri positions r,¡e re r.eacherJ. The

drive lras re'trèrsibleo allor.liirg fcr coniroll-ed hea-L:ing arrC cooling. The

va¡:j,ation of tempetature l:ete r,¡as fro¡i O"goc ¡6 0"5oC r¡er rninute giving very

near'ly a lj-near r¡ariatiotr of ternt:er.¿rtule l¡i-t.h tlne. A sche¡natie cliagrarn of
tho si.rnple hoati-n6¡ cir"cui-L is shoi.m in Ì,.ig" p.

The differential ther¡rral ana.1.ysi.s rrcellil (D"T"A. ce1lo Fi.g. 10)

consistecl of a laz"ge quartz tube contaiiring e copìler c¡dinder aircl the saniple"

The rrcel-I" could be ev¿¿cua'Led o:: filled r+i-bh iner-L gas bJ, nea-ns .f an

auilllary fillÍ-rrg and evacuation systern" Electrical connectiorrs r+ith gre

theyrr'ocotiples in the 'tcell.'r r^rer'e rnacle via vaeuu¡r-tighb glass*to-nietal- se¿l-s

in ths top of the'rce-i-l'r" The coppet c¡r-li¡¡lsr ilhich ser.vecl as an j_nert re*
fere¡rce boCy'containerì ¿. sriall-er bor"on nj-trjcle cy.Iiirder 1..'hj-ch iir turn eontainecì

the sriial-ì- qua.rtz or alun'cum thi.rrl'ole'¡itir the sanp-l*" BotÌr cyli]-rciÐrs h;:d tight,-
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fittj-ng covers r^rit,h sltall eoaxial hol-es in the centor thi.ough r,rliich the
alunr]urri thernlocouple tube coulcl be i.nsert,ed" The refer.e:rce ilrei,-nocouple
r¡as situated in the ivall of the copper c¡,linrìei parallel to 1-he sapple
thertrtocouple. The boron nitricle c¡rlincìer ser.t¡ed to isolaÌ:e physical_ly
the a1.lo¡¡ fro¡n the coppoi" cylirrdar preveirti-n65 c;r:rrtar,rinat1on Lhro'gh the
vapcull phaseo fn aclcìition it isol_ai:eC t,he allo¡, the¡.ilall-y, retaicì ]nq some*

r-ihat the i"apicì heat. excharrge betr"ieen the sarnple,; anc the refereirce body.
The 'rDoTuA. ce-r-l'r fitted veri:ica'y into the tu'¡ri-la.r, fuìrlace. Fig..1o sho,,,rs

thc 'rI)"ToA. cell'r o

The vacuurn an<ì purificat:ioi: sysi-em consisted of a mechanieal vacuu.irr

ptJrrip end a rtel:cul'y difÍu's1on puilp arrar-rged in the u-sual ms-¡i1eÌ"e ¿- srnall

'rcopp'er'-coppe)r oxi-clert fui:nace an.J colcì traps" p:io:: t.o anaì.ysis the ,rDoToA"

ceIl" Lras evacuatecìo fi1_l.ecl r^¡ith heliunl gâ.se evacuei.ccl a.ga.in anrì fiiral].¡,
filled ruith pr1¡ifiecl heliurn t+hj.ch h¿¿cl been al-ro,".¡ecl t.o pass sloru)-y ¡rrough
the "copper furiraee'r to reme\¡e tr'a.ces of oxygen rr¡hich.r,rer.e pï,eseirt. in the
eommerci-ally avallabl-e heliurn" The r.¡ater vapoul: r.rås renovecl fr.orn the gas
in the cold traps at liquicì n1trogen temperatureo

The saraple.tentperal,ure s.lrd cliffererrce in 'cemper=atule r,l-e¡.e; r,lca.srir,erl

v¡j'tlr clir'onel-*al-u¡iel- ther¡iiocoulrl-es a¡rrJ a 'tllone;nuiell- IJ-l-ect¡on'e 1.J,, truo-1:i,rrr

multiÏange recorile;: (Iri'g. 1l-). All exter'¿.l cable s in the ternperature nca.suring
circui-t r'¡ero rnei-al shielcicri to tni-ni.rnize i,nterfer"c¡lce frem st-.r,¿iy potenti-als.
The col-d*,jrtrcti-on ofl the thennoo:u.Ì>-!-er¡as rrraint,aj,rrerì at J0.OoC J O"l-oc. The

c¿.1iÌ.,1'¿it-icn of i,hc thei-mocouìrl-e,,¡as rn.-..cìe j-n terrns of mi11ivolts o:l the
'rrecotclcr'r a't' the tentpeïature of fi'eezing of prr-;'e rrie.i:als versus the a-ccuratelr,-
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I<nor'¡n fi'eezing points of the folroving metals: sihrer, alurrriniuin , zinc
cadmi-'rni, tin anc incrir:r¡, (16¡, all of gg.g9 pe'eenl- p'rity or bet-L,er,
The prilcÍ-pa] er-'rors in ternpera.ture Ì^rere est,irnatecl to be + 1,0oc cjue to
an nncerta_.r"irty in r,reasuring poten.L,ial-, and .t O"5oC clue t,o an u.r:cei:tainty in
readiirg the cal-i'brati-on graph givirrg a total- esti-na,côd eïror in telriper¿-tur"c
of l1'5oc over tÌ:e entire tetrtperature rai:ge of roorir tenrperature to TOOoc,
A schetna'tie clra'i'¡ing of the ''D"T.A. " circui-t ârìd c'u1pr:reil-Ls i-s shoi.rrl in
Fi.g .1 I 

"
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I.:Bey,*l_qrdç.r;Di!Í¡_:¿*qLteu

Alloys r¡hich t^¡ere hard and br-it'cle ruer-e grcu-no' to e fine pcridor
i"n an agate rnortaro l.ilings rvore pr.oo.uced oÍ,<lther ¿-ì ltrys using ¿ì t1ú,Ì,¡

,file for eaeh a110¡'" Diffractioir pattr:rns l'eïe obtainecJ r..ii.r,Ïr cylindrical
Debye*scherrer cålrieras of radius Jf $ nm. u-si-rrg cu-l.rg. r.adiaLiono E>:posur.e

ti-rrres t,¡ere four hours" The i¡r1ru of filln usod l,¡as rKK*fndus.L*ia1 X_rs.y Filrn,ru
1',he satn;ol-es l'¡ere ¡noun-tecl on a thin glass fibr"e r,rhich r.ia-s cìipped in ,rsil-iconc,,
gr.cåsc aird i-ol.]-ed in the al1oy filings o:: pr:;ider*_.

' 
Ðj-ffract'ion 1iÌr¿s },erê rr!.easured on the filrn r^¡ith e clevice capabre

c¡f ineasuri'ng to + 0.01 lrr¡lo rt was esti-rna.t,ed ùha.L, sha::p diffraction l_iiles
Ì,,'ere i?leasui:ecl to an e.ccu.ïacy of -f 0"0j r,'r. l{o ¿.bsolu.te er.rcr cou_l-d be
assigned to each ealculated " d _value:r,o but aì1 íi.ppt.clx:f;nate tïrêp,.süro clf
accur¿-ey is proriided in the cusuo!ßary \:rc.y¡ by expressilg the v.ru.e to the
nunrber of significa't fi¡Jures corfinensul'ete with the esi,j:natecl accu^recyÈ
Understandably t.he lort-angì-e rcl*vaJues, are i'heye'tly less accura,¿e th¿.n
t'he high"angle 'id*values"o The intens-ì-tíes r./rlïe estirnated visuall.y on an
arbilr"a.ry basj-s of ten unitsn ass-i-grrÍ.ng ilfO'r t,o the strongcst yefl_octioit

1
a.ncì "-f" to the r.realcest reflection"

The dista.nce on the filrn betr.ieen 0 ; oo an. 0 = 9co .,ou"

rout:inej-y detet'¡irj-tre;d foï alL clj-ffraction pattei-ns r,,-hicl: hacl bacl: reflectío.s.
The deviation fro:rt the icj¿ar v¿.lue of 180.00 r,rinn r¡as sio¿¿ll -in ee.ch case
(:¡ ttt" secc'ild clecirial) a.nd a coi'reet:iÛn foilLhis clevj-atioii r,,,as not lnacl,,3o

The ii:t'elrlal s'banrjaro' Kcl (.77) r.¡as used to ob'La:ilr a ccr::ect:io' fact.o r f ov
eaclr ca'rnera (0"99E an;) 0"))J r'espeet.i-vcl;r) r'rìri.cìr r^¡a.s applied i-n celcrr.lati.ng
al-L thoss cl-var-ue,s f.o¡rr r+h-'ich c+11 e,cgos ,.rûïr cêi-ctrl.a.Ledô
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For higìr-tonperature x-Ïay cliffrac.l-ion tho pori,Jer sá.ì7iples ot:
fiì-ingslrore sea.led into evacuatecl thin*r.,a11ecì qua.r"tz capilla.ries of 0.j ¡mr,
diarneter' The diffraetion line s of aluini'iu¡r (higir p*rity) at room te'p-
etatuce and l00oc r'¡ere usecl for r:¿.librating ilre high*tenpeLratu.re cemera
râdiús" The Bra-g¡{-angle coÏrespcncli-ng tcr eaeh dj-ffr:act,ion line r.ras cal-
cu,-ated fr'or¿ the accurately-kno-rm ,d-va':e,r given :rn the rrÂosoTolro x_Ray
Por,¡cler Dlffraction Fi1e" (?grZÐ. A lrfactor,r .r.rå.s therr sirnply. calcu_latecl by
t¿hiehrrsrrthe measured value r^rould have to bo,rultiplied to giv.e,r0,,the
Bragg-angl-e eor"resporrding to each cìiffi.action line. The aveï,¿ìge value of
tlris fact.ot. r^ras O"Z9g"

The temperatui"e of the sample in the caìîeli¿í 1..ras .fieasurecl ruith
chronel--elu¡nel thez'ntocouples r+hi-ch rvere calibrat.ed f:ronr the r¡relting poin,cs
of puie tnetals' The metal sarnples useci for calibr.at.ion.Þ¡erc co::r-ba:irrcci iir
smaJ-1 quartz crucibles snall enough to be placecl direc.Lly in the x*Ts.y e¿Tfte?a

fut¡race" The shielcled thermocouple'i^ras introcìucecl ir-rto the rnetal. and heatirrg
and cooling cu.:r.ves r{ere obtained in this fas}riono ancì these clea:rly shor¡ed

tl-re ¡ielt,ing aird freezing of the .stancrar-cl,r sarnpl-es. This clir.cct ruay of
ealibrat:ïiTg the hig)r*tenperatr:re x-rå.y caïnera r.¡as desir.able a.nc rel-iabre, but
l"¡as not easi'1-y accornpli-shecl technically. The ,rrccorcler..,,r rvas cal_ibrated i¡l
terns of the pure rnetal-s as cìescribed uricer'rDj-fferential Therrnal. Anal;rsis,,o

Â1-1o;' 'sa'inples r,'ie?e aÏ+ays equil.ibr:atecì foi. at least tr,,reirty forir
hour"s at ilre tc,,npera.Lu'e i4 .question (in tne x_rs_)¡ canler.e fu.i,nace) befoi:e
x-rjey rlifÍ'ractiLon pir_cl,ures r.rere,cåken.

The x-ray diffr¿.ctioir tubo ï"re,s opei^al,ed at J'Kv and 1J mA"
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Et_e-c_,.:Lq¡¡_l LoÞg. Ì,{ j. c l¡¿q i.€Jy, s.ls_

sarnpl-eso preparecr as for pÌrotcinicro¡;ra1:hy 
'rerû coâted f.or

ac"iiduction '"¡ith a thin fi'ì ,'a of'carbo'by evapor¿.tion ilr vacuu-,n, starrcards
of pure indiurn and si'l.ver I'Iel:e ana.lyzed unde:r the folror.ri,rig concìi.Lj.o's lrj.t.h
¿r I'Noreleú F:tiR/3,, Iìiec,r.roi: p¡obe!

Gun \roltege 30K\f

Beam Curen.l, 48 mA

Co-u¡'birrg Time 10 sec.

Scar:ning speed 4¡t I1.O see^

El-eetron beam incidence !0o
,þ - )-5o (""c(z ) = 3.860 usin¿; tìre ï,o., li¡ios of Ag

and fn for analysiso

The ¿ceu-l'acy of anal-ysis 'r'¡as esLii..rated .t,o be 3ii Ð
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Ço[p-o_sj!þn¿¡lal*rl"iq.
- 

1'1-1-oys r¿e'e anal-y:iecì for si--Lvez" by the r.¡e1r*,larol.¡n vo1l_
hard nethocl ( 76)" The sarriples r,¡ere dissolrred in 10 rill-" of co¡lce'tratecl
nitric aeidu a'i'rd the solutions r'¡ere diluterl to 2J0 rnJ. åi-rcl aliqu-ots r^rere

titrated '.riilr po-bassiu,-¡r thiocyar::.te sulution usi-ng ferric ni.i:::ate solution
as indicator" puve silver ¡retal r'¡as usecJ. as a stands.rd 

"

Terlral. l' s:;-rnples I'Iere also analyzerJ pol.ar.ogi-a.phic:a.1.1-y f,::, inditinr and
alurrinir¡'n. The sa.rnp-Les were di.ssolved as befoi-e aird ,rnad.e up'r l+iih o"1F
sodiu:n a'ceta't.e sol-u1 ion to an a.ccurar.elJ¡ lcno,;.¡n vol.urne tc, give a concentr¿.tion
ofl the Ïespecti-ve rnet¿l ions in tho range c,r ro-l.t to lo-¿lri" The socliun
ace'atro se:rvecr as a Ï¡uffol" a'd a.s e supÞoi.ting electi.oJ-yte,

A feu drops of HCI solution r¡ere adclecì prior. to ana-ì-ysis to renûtr¡e the s¡ral-l-
conc:ent'rati-on c¡f si-l-ver iorr fro¡i the solution ¡^rhich.for urrlcror..n-.. ïeasons
interfer=ed r';j-th t,Ìre a.na1-ysj-s if'left in solution" A fer.¡ cìr,ops of 0.01 per
cent gela-tj-ne solutioir were adclecl ¿.s a rrne.xi;nu:ri sup¡rre ssor,,. l.Jel1-def.iirecl

po1'arog::aphic r';r'aves; of incl.ium and a.l-u¡ii-nirün r.rere ob-t.aiired in this fashicno
?he graphical. p::-ocedu.r.o of extrapolat,Í:rg üre pola_rrf,gllaril. pJ-ateau and dra.i.nng
a vertiea'l t'hrough tlie mÍ.d-poir.rt of the wave r,ras use,l t.o mea.sure the diffusion
cuFen'L rvhj-ch is direetly p:ropo::tional to cc¡ncentration" syri'ilreti-c .bei:rrai"y

salipl-es of r^1e11*knol+n eûlrrpositioir r.¡ere usecl. as 'rs,raïicle-r-Js,r. The u_rrc:ertai-rrty
j:r the anal-)'sis by the pcl-arogi:aphic methcd is coirsi-c]erecl to be l"J pe* cent .

(by i.¿") irr cach coriiior:ont rsr j.0 per cenl_ iir tÌre .Lo1,al conpos:i.Li-on of the
alIcy. Si-Lver r.¡as cie-l.er.Ììf inecl separ.¿;-.t,o1y bJ, the Vollhar.cl method ( ,fS), f.i. is
r're-l-,i- l<no'..m that the latt,e:: meürooì is capable of hi_gh accuî¿cy u¡.Cer optj-rn::n
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conditions" The ringor"Leitrt¡' i¡ the silver dot,ermina.bion r,ras esttnated tobe
tltrer: par.ts per- thousarrd.
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TH]] BIIJARY SYSTI{.Í SILVER.-IND].(JI II

RESULTS ¡.}IÐ DISCLISSTOI,J
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TABIE 1

Al'll'JE*{-T.rl'{G HrsrORy AND cot'iposrTtroì\j oF BTNART l.rlloys

fhiDIUÌ,f*SfLVBp.

Al1oy Cornr:osition Tj_me of Annea-ling
Noo ,i'Ag Hours

Anncaling Quenched fron Temo*Ternpelature erai-.u_i"e crf oC

* _-:ç_*_ Gi''l!s-uU--¡l+!'o.ee!)

^É.<A<<

500
Ár,r,

500
l.r,<
<ôrì

6ss
(nn
?2 t:,

or)
(nri

D))
<ôô
22<

500
)¿t
JOU

)¿t
165
22<
Lo')
325

??4
12a
325

'l 20

12A

12a

I
2

lJ.

6

?6"69
72"1I
68.68
7'o "69

,) 11

6g "68

76"6g

72"I1

1o'*
Al, <¡

168
168
168
t-68
168
l.6B
l-btJ
Á /^tbö
i /õroil
T68\ /^
t_o0
168
I6B
168
168
1ó8
T68
168
168
168
168

90
168
^^/la^
))v

168
^^ /))ô
163
^^a<<h
)Jv

1C'U

504
1ÁR

504
l-bö
504

'ì ÁR

J)tr
168
J0Lt'

o))

5C0

500

500

a2<

?2<

12<

a

10

11

!2

1?

t+

I5

T6

17

1B

76"69

74.45

68"69

76"69

73.82

72.\L

70 ul-5

Aa Aa

360

1Ár,

l.65
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Ta.ble 1 Cont,irrued

Alloy Corrrposition Tíir-¿,: of rLnnealing Annoal-ing Quorchecl frcrn Te¡r¡*r\oo Þ Ag Hours Ternperature er:eture of oC

19 66"50

20 65"28

2I
22
22.

2t+
21
26
2j
28

?n

).

168
J\Lr'
168
J0tv

1.>l))u
))o
6zz
6?2
6?z
168
168
168
168
?2Á

?2<

r2g
4,2 <

r2g
I36
114
1'{(
'ì ?<
llq
l?(
'l ?(
.()

¿¿)
135

2T<

2,7 4

//\

f-> nr
f^c rn
61.oll.
âr¡ ^^)'l c vv

36 "04.
33"89
3L"97
Ac Qr
çq Ác
É,< A2

))"o1



75 per cer*.

prevlous;l-y

77

Ði.ilei:qn!¡_+1.ïlenr+,_t_4¿reJysis

The systcln rras inr"estÍ-¡,;r{:cd irr the region froln pu::e ir:criunl to
sj-.].''"'er" Ti\e region l"ûC*/J per cäirt. si,lys¡ r.¡as r.¡el1 est,a.bl__ished

(6J'r6) ar¡cl r'r¿.s rr.t investigated by rne irr this lrorrro

The D'T'^" data- ål'e pï'ese'tecr in 'rabr-es z and 3o in ths temp-
er'ature ranges 700 to /+00oC ancl 3O0oC to roorn temper.ature, 

'espectivel-y"
Tire colunir heacì:ings in those tables; inclic¿.te t,he type of transfornation
responsible foÏ the therm¿rl effect obser-ved at tìre temperature given.

rn orcìer^ to be able to pi:esenl- the pi'rase diagran on a sufficÍerr-L1y
e;ipatlcìcll scale, Ít is p:reseirteo. in tl¡o pa.r.ts in the ternpc::aL.Lure ra'ge /ûûo
to ll0coc anc J00oc 'Lc; -r.ocu t.elperaturc as gi-reir :irr F:Lgl; \3 , aricr :r-¿, "

llhe li-c1u:ldus; ¡lsfsï"¡lirrecì iir the pi.ese,-,t inves.i;igation agr.ccs w1gr
tha.t cf i,,re:Ll:l<e a'd Egge::s (6i) vei-¡r ¡.rell, below tt.s'oc" ,r\.1 higher tenpoi.a.-
tures the agreciiiotit j-s not sc gr:odo i^¡i'Lh't.he pr-esentJ-;¡ det,errrj-necì ì,iquicìu.s
I'y-irrg apÞrcxi-inatel-¡' 3og higlier" The sniall" ì'luí/rbelî c,f poi.r:ts inciic¿l.Leci b;r rr{rr

iir t'he pll:'s.} dia-8r'¿jn of Fig, i-3 o -'Ln<iíc¿¡.te the i-iqui,cus c,f Ile:iblçe a.-ird Egge::s,

The ÌtonogerleÛtis y"-phase regicir r,¡as fcund tc exteiid to riuch l.righer
incli.rm conceiit,:,:a'ti.on thair pr.erriousl-y e-stablishecl by i,Icibire and Egg.e¡s (61,),
as:ì-s e('ridûrì'u b;r coüipa-r'i-üg 1;iie tr.,'o phe-se dia¿1r.e.ns i-n irig. }J o e_'<ì Ìr,5-g" 1,
respecti-r'ol¡r. The rrigrr.-'Le:.rper.atu:."e y*solicrus r.,;.as est.abr.i.shed b¡r DoToAu 

o

Ts-Ì¡-Le 2o e*ircì the -l-oi'¡-'Leir;irer"a.ture y*sol:i-clus r..rã.s cle,ceRnint:d orr the basj.>^ of
>:*r's!i/ di-ffi'aciic:i: dE.ta of' allo¡,'s r{os.. 28o 2gr3t,3-ì- (,''¿rbi-e 1.0)u aircì by cxt,i,a._

pola.tioir of .Ltre hi-gÌ.:...,Lclnper.atur"e e>:pc1.i::icnta.l- data 
"

No i-so-ï;he?,:?j::,:L ai-..,:cst r,¡a_s oÌ:rs;rrtr¡sd ¿rL 2B-LoC by cìif,fe::.ei:.Li_¿l
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TABLE 3

ÐTFFERE¡ilTIA], îIIEFI4AL ANALTSTS DATA

73"00
/,¡ anvt õ\-W

68"OO
. (^2 ì,ñ

Ê.A ¡¡
6d." co
(,c. on
(,ç ¡¡
6i-. co
óc"co
<o ôn
<î nll
57 "ao
5ó"oo
<< nô

52"00
/+8 

" 0c
Lt ) "oo
âQ 

^^

)).v t

.- ( oUL

Isothenrr
v -\ ê -ç I.

| .a \ ' !

"c.

ÏN THE TA\,IPERATURE RANGE

Isotherm f sothor.m
€+Lo;*) ø L-à^l+In"C 'C

205
2A6

207

201,

202
Lv)
LVL

242
203
?ol!
2A2

OF' STLVEII-INDrU{

3oooc-1oooc

v/(^¡ + 6 ¡
oç

ro)
J-OÐ
16J
I h¿ì

a /./j,Jo

roc
-ìÁ<

J-OÕ

1Á"
L64
-LO+
J-O,
.LOI
i A).

i o/-

1 ltlt

'ì lrlr.L"f/

L4LT

I -r. ¿

lltlt¿Y'f

1lt¡.
l4L-
\1,,4
L41,,
1 L,'?
1 tt I

1tr?
llJa
I LiL+

l¿?

ALLOYS

200
2 Elr

2Bc
at-+

294
?-82
?,E2

"C

y/(y + o.)
l ltc,
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i / l,
_L()/+

tÕl
t /1,! c¿+

lbiL
- 1l¡
ì ,(r

a /^to¿
aO-t
1 ta)l

1 -1,I \A'

1 //

''ìl
1 lt-

¿orJ
2Ll+
?'1ì!
/ /LL

21 
^

-r eî
1?7
a)c
.1 Ll,Q

Lt-l+
1l¡lt
ì ,t D
J-'-' t'

-r (n

f sother.m
L*¡^f,,fn

"C

l ltlt)-t++
¡ ltl,

it++
'ì lt)t

f ,i r,
lLI'L?

It+'+
I t+!.t,

jtLLtr.

1 ltlt
t42
1 )tlt

LtJ..LL

_L¿i(r

L¿Utl
1)t)t

1 )t)

1)r'>

1 ltlt

1 It'7

!t+2
1lJ?
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therrnal. analysis" Thi,s obssï.vetion is in ¿.ecorcl r.¡ith x*r.ay diffracùion data.
r'¡hich sho'¡ that the ì-'phase exi.sts âs an equil:ïbriui phase belo,.u 261oc"
rf the z\Lcc I'isothet"nr" real.Iy existed but r^¡as si-nply not observed, therr a
new fourth inter"nediate phase r+ould aJ so have to exist in accordar-rce r,rith
phase ruleo such a ner,¡ i::te¡lnediate phase cr,oes no.L ex-is,rn

An o::arnin¿rtj.cn of the published data of Vùir iro .l,Jgibke 
aird H. Eggers

(61) shor^¡s th¿'t alniost a-l-1 the'ths¿1 effects'r rvhich the¡,6.¡¡"¿rvecl ¿ind i.¡hich
they attrlbu-Led to the constatrt temperature :reaetion 28loc c,ccuï. close to
the 6*pha'so :regi-on. Iu the presont investiga"i:ion tìrese ,rJreat effectsil
rier"e also obsel'vecl (taul-e 3) but they cìid not'. occu-r ¿.t, co¡rs.L.a¡rt tenine'artu-r.e
r'¡it'h cÌ¡anging coirrpositi.ono neither uero the ',pea.¡5,, on the grer.iriop;r,am

ch¿"rs'cteri'sti'e of an i.scther''ne-J- t.ransfonlationo These 'rheat, efÍ'ects,r are clu.e

to the trairsfc'inilation ï *+ € as coul-d be shc'.¡n by x*r-:ry cì-'¡-ffr¿ctiorr
(re'ule 1o)' No experincntal basi.s exist,s for a cor¡stan.t, teniperatui.o .Lrans-

fo¡':,rairo:r a't 2E]-OC "

or the si-r-r¡er-ii-ch sicJe of t,rre € -¡;rra.so the s¿rie aut,ho',.s (ór_)

obsel"r'ecl sj-rnj.]'a'r heat effects r'.ùich they attributc:cì to ai.r oi.cler.=d_isor-der

transfortilatiovr of the 1a"phås..j o rn the present investigation these lrher¿t

effec'Ls'r wer"e ¿.rsc observec bu_t agall-r it ¡.¡as sÌror,¡n by x_i,e.y diffractiorr
(te.U1e 9) tliat -Lhey r.,,ere o.lJe to the y _.=.> € tyansf,.c,r.ma.tioii" Abo.,¡e

i'he teiiiperaì;uie at r'¡hich the 'rheat efjiecLs'r occi.lnec] on15r y-phase r.r¿s pr"esento
sligìrb-l.y'i:e-ì,c',.¡ this teraper.¿.tu¡e y tnC € phases l.rerc pï,c-ss¡ii. llo ex1:er.irne¡tal-
e'"'i-ri¡'tic€r ex-i.sts for cfairniirg 'rhe r¡r,cle:-*cl isor:ciei. t¡ansfoy.ilrc.ti_oir .sìrc¡r.¡:-r :i' the
pi.evi"cusly nr-rbl-:i_shccì phase_.d i.agr.arn s ( 6.J., Zg) 

"
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r redeter"liirLec arl- otiier',isctr¡er.ms,igiven by von F.,l,Ieibke ancj

'H'Eggers (6f), excep'L otreo 1'he resu-It.s a¿;ree r.l,i"ùhj.n tìrr"ee degrees as can be

sc':on frorn the r¡alues gi:'roir belcv" The teLri:er.atu,r,es i-ir p:LreirtJreses ¿Lr-e.Lh,rse

of i,'ieibke aäd Eg6er"s ( 6f ) .

144oc (tlr1oc ) nptect,ic- a66ac ( t66oc ) puri"¿ec'¿ic
2o5ac ( z,otpoc ) t,{etatec.t ie*
(,6ooc (6600ç ) tietatectie
670Öc (667"i ) per=i_tecto_icl

695oc (6%cc ) peritecri.c
* A::are 

"rr'"* 
fo."ìC j.n fei+ rnetal systetrs" The tr:a.nsforz¡rat.ftiir :ln gcncr.al

is as follo"¡sr t !--\1- 1, :ineo /- so]-j-cì ;o:::,.;ia..1-y rne.r-.r...s a.s/ \.
thc: terq:a::ature fall-s" This '¿::airsfor¡iiat-ion r,r:i-ì--L l¡e cal--l-¡:d iliiie{.atee .Lic,, . ( 64)
Buto the l-attel'rrârìt has soi,ietines been appliecl'co a Þer.itecloirj r"cectio¡r"

rt l'¡:ï11 be i'loteci that the rel-e.tively l-are rnet,e-¡ee1j-c :1errc¿1cn in
wÌiich a sol-io' p,ase pa::til.ir.y mor-ts on loisering the te;ni;.,,;r,arr.ï,c oúcnr-s ,,.:i.ico

i-n this sy:;tein. Tl',e 205oc 'rrno1,a.tec'i:-ic;'r r"e¿lction rrianife sts i--bs.:rl-:[. ¿L.s i'tc+r.-
grain 1.-io.ue-äactj.on of alloys r.ihic:h ai,e ra.pi-,C1-y cooJ.ed fro:n abo.i¡ e ZßJaC. J.Íore

i-s said about lùis u¡.cier" rrhe ^¡-phase aäd /icljoi,ning Regions,r"

fn TableJ" i-t lvi.-Ll bc notecl -that'r;he e utec.L:ic'rteripcr"a.t,ur.e halt,,,
eL I4Lt'oC:is also recor.,clercl at cornpositÍc.,1:s r.rl-rcre it, should tiot occr.ir, vizn
those 3'y-ìng betr:'¡eeir thc (-"pÌrz.se arcl the Ø-phaser. Iieve::grel-ess the¡, i,rs-¡¡,

obse'r.ved tc ccc-r-i::' (not as spt-tz':ic-ir,is phei:o:lena)u e.:rc '..;iire Ï.c)cor¡lecl as sr_r.cho

Tiir:6scu¡;-"rriicer o.f 't.hesc l-r/l.oc-.cji.í.Í.e;rential- the-nria_L a.:ra..ly.s:ì,s peal.rs in ei1_ìcys

of a co;l;Ì:c'sÍ Li'oii at ',.¡h:ich i;lic;u sliou-.1-cl no-L. occ11:,.' u¡cc:. equj"1,ib'.iurün ecrcÌi.Lions
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is clue to the pi"esellce of ractastable liquid (rrrctas-be.Ìrle l+ith respect to
. cornpcsit:ion) r'¡hich ilrelr freezes at i,us noi-lna-.1. f'eezing ternpe¡atur-e of rr,4oc

rvhen that temperal;ui'e is ree'checl on cool.ingo gi-ving r:ise to the observecl
eufectic tr"¿rnsfor¡r:¿i-'ion a.t its no¡nial t,enperature of r44oc" IJo¡*equil-ibri-unr
states br'i:rg abou'¿ in this case e lengilrening of the 144.oc eutectie isothe'm
as det'ei'rninecì expei"imentallyo ancì this r.lill óccur eveir r.rith ve:"y sJ_o.;.i cool1ng
ra-Leso since the tiine llecossal:y to establish equilib::irir,i lrou-l-d alncuirt to
months of airrreali-i.rg" llhe photcnri_crogre.pli (plate 1) .shor¿s the ,rtrappedrr

eutectic (su¡rouncied try fl-phase)o rrìrich exists metasfably, ancJ is 
'esponsiblefor the 14Lll'oc-pealc' Plate 2¡ shorvs an al-loy that l+as subjected .to cliffer.e¡r*

tial therr'ial ana-!-¡'sis only and no aclditional- hea.L treatnerit," The sub-
sta-ntial amouirt of y-phase (nietastable) sur¡o-rrrrrjed by a na.ï,r.or.r ,'rj.n,r of
f-phase (gra;') and the su-bstanti-al arnount of dar.k gi.ay incìì-um-rj.ch ln¿.tr.ix
are elearly visible. After anneal-ing beloru a t,ernpei'ature of t66oc (plate 14,
page noo 13tl) ttre atnount of y-'nhase has clearly cìriiiiirished as uell as the
atnount of íllclírlrr-rj-ch nnt.r"ì-x, r.rh:ile the Ø-phase 'rreaction rj¡r,, has increased
in amount. Since ilre y*phase is di_sappearing r.rith time and since it is not
-Jn physic¿'l contact liith the ¡ratrix it is rnetasteble r.¡il,h respect to the ¡ratrjx
and the Ø-phase.
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Referri-ng to prate lo the rnicroanalysi-s of a)_J-oy nu¡rbcr. 24, of
overall- coäçosi-tiori 3J+"00 per cent silver l.¡as as folloivs:
eres-s.AlJr aF' Gllo l',ll had 'the same corilposition .- 33.2 per. ceirt silver.

The rrreac'Lion zoire" BCo DE, HJ har¡e essen'cially gre sa¡ne cc,:ri-

posj-tion as the areå.s surrounci-ng therno i.e. J]"0 per cent silver"
The 'islands' cDo JK hacr an average cor,.ipos:iti-c,n of ?0"6 per

cent silvcr."

Du'e io heterogenelty and surface uìlel¡ùrless the area FG (*axtrix)
cou-lcl nol þs aäalyzed quantll;ativeIy, Qu.al:r1-atj-vely it r¡as os.Labh.shecl that
it rvas rrearl.y Þure in,ci-u.m" i.Iithin experirrieniar err.or.o the corn-oositioi.l of the
al'ea's I'lì'Bt EF'.GHn lrf'rr and t'he rea.cl;i-on 'rrins'r corlesponcerd to the eomposi--
tion of the /*phase (/ig rnr) ancl the'rislaircjsrr hacl a composiitiorr (average)
eo:r'::espondi-ng; to the y-phaso"

The analysis of an alloy of over_all cornposj-i.íon 66"J0 per een.L

sil-ver (Al-1o1' lio. -l-0) yielcled sl-ightl-y Ìrigher y.esults for the brigirt aï.eas
iir Plate 6, but t'his r.¡¿.5 nct significa.nt, consideririg ilre ¡a.g¡Ìtude of he
expetirnenta_'ì_ eri:or 

"

Referring t,o pl.a.t,e 4o i:he m:ì-circa.nalysis of allo¡r ZZ of overal_l-
cornpcisi-L'ion 62"50 pei: cerrt sj.lr,er'I.râs ãsì follor.¡s: a1.eås ,'Alìo lÌ¡rr hacl the
sarne eorûposi'l-ioiru v-i-2" 66.r per ccn'b sih¡er". Jrhe areas,,BC, ¡g,, both co:,r_

tai'nod 32"3 pex cent si-lvet'" The area rrc.l)rr shcr.;ocl discol-or"ati'¡r u.r:der. the
rnieroscoper presr,-rn.'bly due ì:o oxidation e.rrc no nieaningful re-s'1ts couLd be
obt¿.:i;red fc:: thj_s ayeaø
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- l/ithin ex'e'ine'tal error the areas arralyzecì ,,ÁBo EF,r 
"_n¿

"BC, D¡" cor*espc:rcìec i-n composition to the ( _phase a¡lc the fi.-pha.se res_
pec'L,ive1-¡¡. Plate J 1s a photomicL:ograi:h of ilre same ar_r-oy as shor.m j-n

Pl¿.te.l+ a.rd the same aïeâ as thet analyzecl by electr.orr probo carr be seen;
the traverse of the erectron bean is shorrn i-n the photomicrog*e-.¡:h.

The dist'incì' blot'rn col-our observed uircler the i"eflecting micro-
scope of tho areås shorving as EIï"ay in plate J, ,,¡hicþ r¿¿1s obtaine¡l_ a.ft,e¡
etchirrg r¡it,h ¿.rrrmoni,u.r,i pers,.:f.f¿.te solutiorr. (311) r+å,s iclenbifj-ecj a.s chai._
ac-beristic of tjre fl*phaseo after the area analyzecl by e1-ec.L,r:oi.r p.obe r.ras
correlated i^rith.Lh.e salle a:."ea urrcìer the rri.ic¡¿¡s"ope as sho.,.ftr iir pla.te J"

The e'lec'LÎon probe a.iral-ys-is :,esul'¿s sirt-rr,recì tha..c, a-n a3_1cy of
ove'all ccnp.sit'ion of 62.50 per cent silver consislecj a.l r.oo¡ri t,einper:;*
'úr.i.re of the staÌ¡le phases ilÇ'r aitd ,,Ø,, n" expoc,i;erì, ¿r.nLJ tj_ra.t alr alloy of
ove::all composition of i¿t"00 ¡er" celrt sil-ver. cons:isted of the stable phasc
t'Øttn ¿.n incl imn r.ich ¡na.trir an.J the rnetastable y*Þhases ,".rhich exist,s a,.t Ìoorii
ternperat'u'e everl ¡.fber lrrol0nged annca1lng a.t a teinperatu:"o a.t r.;Ìrierr t-,hi s
phase is not stableo The netastable y-pÌ:ase (isJ.an.rs) prate I is surrou¡creci
b¡r a zone of (/-'phase" The l¿,ct,ejr phase j.ncr"cr:rses ruiilr tj:-nc-¡ i,¡ìrile.Lhe v*
phase clecrcases i;ith tj.nrc"

t''Iit'hin the e::'l'or ïatlge of '¿he elect¡.on plobeo the coin,oositl_'rr of
the f-pha-se calr bb cìcsigna.L.ed as AgIn, (3t,97 í¿ A¡;) as suggesterì try Hel_l.rrer
(zg) tl'tottgh niol'e accr:-r'¿te ana.lvsi-s rnay ].evêal tha.t tlie coriçositio^ oji the
fí-phase cloes nct cotresponcì to any sir,iir_l_e foi:inu-J-e" Sj-i:cc ilre coriiposi..bioir of
tlre f-*phase is AgTn2ø or nearly ,chat u arr a-l-l-cy of c,ve:.all ecrupcsi_t:ion r¡f
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Pi,-{TE 6

ALï,OY NC" 1.0 C,;-upC3fTIalt 66"50,:; Ag
QIrEI;CllEÐ FlO-i jóCcn ----'

lÍagrrifica-Llon Af,pr.o:<" l_0CX" Faint
s'¿reai<s ( in¿r".ird by arr"o,.+s) 

"i.,o"r.¡he:"¿ ele¿:'ti.on bean t_rave rseC 
"
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34"00 pej: cent sih'er rnu-st be rreterogeneous ( É + Ø) at eo,uilibrir¡rr at
rooin temperatureo and thi-s r,reans that -i:he rtreaetion zonc¿'r fo¡rned ar"ound

the trislands" of y..phase ìn Pl¡,'te 3 should be hc,ceyoo.ÊÌ1eôìrs cayre^ì<f..i*-- - -Õ-'_'--.-'!

of a snall amoun'¿ o't €-phase and a large arnourrt of /-prrase" The spotty
nat're of the "r'eaction zone' reveared by the eleetr.on pr,obe 'scân-picture'r
in Pla'te 3o nflY bc rlrle to such hetclogotrclty although riricluscçpic oìrserva-

tion does not roveal any heterogeireity i:r the 'rreac-r-ion zo'ero since the
eriount ol € -'pha.se in the 'rre¿rct:Lon zone 1r wor:f-d necessarily be srnallo the
a*v=era$e coniposii,ioir of the 'tt'eactioir zone" de'i:esninecl r.rith the electr"on

probe t+ouf-cì be that, of the f*phase r'ir'chin the e:rr"or of üre inst,ru¡ient.

P1ate 1/-l is a photoniierogr'a,ph of tiie same alloy-samÞl-e as hat
shor.nr iir the e-l-ectr'rr ¡ii:obe rrscan-picture,r of pl-ate Jo thougìr t.he tr,lo eor_

responcìing âreas a::'o not e>la.atl-y thu ,*nru" The photomÍ-crograph is includecìo

to shor+ hotr the appeal"anee of phases uncJer the rnj.cr-oscope r.râ.s cor.rel-atecl lvi.Lh

cornposition of phases.

Plabe 6 is a photon:i-crograph of al1.oy No. 100 of ovei.all cornposi-,cior:

66"50 per ceni silver'; it shor'rs the exact aï.eas anaryzed irith the electron
probe. Tt'¡o el-ectron beam travel:ses, visible as faJ-nt stre¿.kse can be see.

originatiug in the respectj-r¡e ar"eas e.s indic¿.ted in the photorni.crogr-apho It
r'¡as of interest, to knot+ r.¡ire'bher"i:ho dark and. br"ight are¿.s repr.esen.l, dif-.
fei.ent. phases or sim¡rï_;' cllffcra¡rt gra:i_rr or.iullLaLiolrs of il:Lr¡ sa.ltre phaso" tho
slightly higher sil-vei' cont,ent of the brighter ¿.TeasÞ as ar¡tain by electron
probe trt:l-croallalysiso is att,rjbuta.ble to the greater clissolution of :i-ndiu:n

by the etehing reagent rela't,ive to silver"" Tiio concl-usion vas reachcd tha.b
different grai-i"r r:r.ienù¿tion' crf the same phase are pì.esento
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' Froni Tabl-e lt.o it is eviclent that alfoir No. 18 of cornpositÍ_on

68.68 per cent i-s hetei.ogeneous, eonsistiirg of (y + € ) phases, since lines
froin both phases appes'r strongly in the cliffraction pa.Lter,¡: of thj-s al1oy,
A3--[oy No" 19 of conposiLion 66"50 per cent si]ver is hoinogeneous Ç -phase.
Fr"o:n the Iespective interrsiti.es of cliffracti-on lines of ilre 6 -phase 'nd of
the 1'-phasc> in tìre honogeneous ¿ncj heler.ôgc¡eou.s alloys i1; is c.sl_j_mated

that the boundai'y of the Ç *phase on ths silr¡er.-.rich side l._ies at 67.J per
cen¿ silve'r' rn the sane T¿-b1e it jr-s seerr that the all-oy of f0"1J per. een.L.

silrrer still con't'ains slnal.l- a¡tou'rrts of Ç -Þhase. since oirly the four styongest
lines of the (-phase appear in tiris a11o5,o the g -phase is pr.esent at a

concen'Lrati-on near the limit of cle.i;ection (by .i:ìris r,ea.ns) " The Ç -phase
is estitrrat'erl to be preserrt in this all-oy at a conceirlra.tj.on of four to
five per cent-', anc this places the inciíum-rich boundary of the y-phaso at
appr-'oxir,ia'l,ely fo.3 pcr cent silver at room temper.aturee âs _sþ6r,¡¡ in
Fig. 140 page BJ.

Alloys of cornposition 65"28 ancl 66"J0 por cent, silver respectively
are both hr:niogeneous (€ ) as shoìu;n by x-ray d:lf_lractir:tr data in Tatr]-e 4 "
Neither fiú-s âl1y second phase oljserve,i Ì.n t-,irese ti,'o all-oys uncler the nricrosco'eo

An alloy of conposit,i<¡n 62.85 per. cent silver (f*Utu 5) is
heterogeneousg and coirsists o-f (ø .', €. ) phases" The srna_l-l aìiiount of f__pha.se

pre";ent in this a1'1oy rn'as a'1so o'ìr.servecl unde¡ the rr:icroscope as shov¡n in
Pl-a'te 7" Thercfor'e, the inclirrni-rj.ch boundary of the 6 -pha.se must be betr,;een
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TABLE 5

''{TER'LANAR 
SPACINGS (¿) op sû,vER_rNDIrr,l AIL'ïS

(Rirlu¡ni,n¡ nr j-;r5oc, i& DATS)

1411^/)LL rz"o)2
¿ril L0 Z.)23

3)Z l- 2"Og?
¿,,22 o "5 2.c10
510 0 "5 \"933
52L 0"5 1"800goo 3 r"64.5
OI.J.

631 i a.457t.vtLì+ i t"Le25

710 1 L.395
72L 8 T"341,,
732 0"5 I"25tç

Bt-r 6 L"2r7

822 3 L"t65

'F i{leroanalysis of

I
1

,29.
a \A/
2"84

r rì (Ã)

^ 
/ 

^ 
ô!.vo ) áøi)Lþ

0.5 2,fr79
0 "5 2"621p

10 2"32]..
0"5 2"L67

1 2"A011,
0 

" 5 2"0),3
^rt¡a¡v. ) L"Y i)

ô r /1.^
-) I" OtPÕ0"5 r"5gg

0 ,5 I.i.þ58
1: I t.^ô
J LOLþ¿Ó

-l I ô^^-L I" )YYB !"31þ5
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) LolL/
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tt,lr-pnase only"
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T
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vo)
'ln

I
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vo)
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vo)

)t
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'1

i
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Õ

I

I
L

,/-"\
d (.È\ /
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I.167

r

10

)

B

24* hk]-
lnr
9-f.flâSO
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hkl- 4110v *,o: rç 4+gy,i\ïo" 21 A110y.No, 32 A110y \Ìo. 24* hk16-Phase uuu:ãli!"tr' 6'¡^2i2,,or 55.631" As y"ooli r,s Ø-pr*se
d662 1 t"a33 0.5 L.ri3 c "5 r"LJ4

a?o
/ tv

qbl
titr l¡ t

:-:o22
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1 Õ. Lt.. 
"
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'1 2 .".1

¿
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It

I
I

a
L
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wo)

1

'It

i I"03tp4

1 0 "932]-_ 543'
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2 0.84¿¿ Bl-1

3 O "8225 tt45

? n Q'l l^) v ocl-t--L\-,r 535

5 o "?gça 605

7 0"7766 ZUj
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PI,A TE 7

ALl,Oy ì\10. 21 coÌ.jt-.osrTrolJ_ó2 ,BJ',i lig
¡J''iliEALiìD Ti,./O r,.IEtti{S A.t L35oç

i,iagnil'i-cat j-on -100X " Snall. s,ncurr¿ of
Ø-phase (Da.r'ì<er. ar.eas) is st,ill pre-
seu'Lo i['he rrra.i¡t c:onsi-j-tuc:r-b j-s [ _.phase,
A vor.;¡ smal-l anoun-i; of 'r.Li,apr¡eC'f .[ill*phase
r,¡j-1.Ìr-in the f-phase is a_t..._;c pi.oscnt"
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65"28 and 62"8 j per cen'1, sirver". rt is est,j¡riatcd to lie aL 6J.o pe:. cent,
silver" The bounclaïy concentr"al_1ons quoted are. for ]]2goC but since these
bcundaries are ve?y neeï1y'ertical in the temper.â-t,ui"e raïrge r?_goc t,c
roon ternpet'aturo the boundaries r,,i.11 li.e ai lrppyoxi:irateiy the same ccn-
centrations at roorn tempel"ature. The extent of the hornogeneous ( *,phase

reg;ion is a'ppr-oxiraatel¡' 2,5 pet eent at roorn ternpe¡.ature" The ,,cor,rpounc,r

Agrrn he's a cor'çosition 65"28 per cent sih¡er., which is i.rithi¡r the hono_
geneous @ -phase rane-e as Hellner (Zg) had founo., but in rri_ely of t,he

'ar'iable c:omposltion of the Q -phase one c'n hnrcì1y speak of :r cornpou'cl

r,rithin this cornpos'ìtioir renge, nor can one iciei:tify the € _p¡ase i.rith the
corrtpcsition hgrf' as iii,p.ì_ied by l{e11-ner (29) ; he s.Laiecl th¿rt. .t,he € -phase

'has a eouipositi-orr Agrrn. 'r"Ieibke 
and Eggers est,iniated the c.'posi.tiorr of

the Ç -prase to be 66"9 to 66"J per cen'' conpar-ecr to 67.5 to 6J"0 per cenl:
sih'er found in tlie present inv,estigatj_on"

rt has been sho'um t.hat the ( -phase is no'L a sto-.Lehiometr:ic corn:
pound but exis'L,s over a ra.nge of compositic,rr" rn other"uor.dso gre basic
ci)tric prir,ritive r-e.t,tice of the Ç *phase r.ril-l toler¿.t,e a. var.j-ati,on in the
conee¡rtr.ation of incliun and sllver atorns r.rith a corrsequent l-attice para:ne.ter.

va::iat,i-on"

The al1oy o:i eomposi.''io' 62"85 per cent silver (a-r-loy N*. 21)
is heterogeneÚus (ta¡le 5). lÞnce, the ( -phase presenl in this a110y has a

conposltíon coÌ''responcing to {-.he conpositiol'r of the iirdirrm.-r,ich phase
bou:rda'i'yo viz:" 6J"0 oor cent s;ir-ver. The d..v¿rues (Tabr.e 5) of this
a11oybe1onging.Lothe€-phaseirltlier¿tì]ger"64,58>d>



usod to cal_culate ,¡he lattice pat:arneter^n fi.on the equat.ion d

usiirg the co'r.responclii:g (f¡t:l_) values given bj, He-l.lne.. (Zg)"
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o
- I .2 .2\n +-K
- ( n' +- u?- + r?-)Yo
Tire al-ì oy

of coinpos:ì-'lioir 68.68 pe:: cent si-l-v-er. (U-toy À,Ìo" 18) î¿.bl_e tto is lieter.agotÌeous
(y + € ). The d*va'ìues (in the sarne range) ber_onging to tjre (_pbase r,,-ere

used to calcr-if'ate the lattice parärnet,er at the conpcsition of the silr,cr-rieh
plrase bou'dar"y of the ( -phaseo vi-z' 6?"5 per cent .silrrei"

a = (9"BBZ t 0.o0rt.) I at 65.0 per cent silv.cr_

a. * (9"878 :i- 0"004) f nt 67"5 par cent sil_ver..

The e¡r'ors l"ell:.osent the irean c.ìevi_a.bion.

The va-Lue of a.o = (g,BB5 + 0"005) Í at 11ie coinpos5.tion A¡4rfir
(6S"Z.A 'i nù er.s .leternì-ned by jicl_lne:: (Z_Ð t".l.l,s ,,.,ithi_n Lhe range of val-ues
deteril j r letì by r,.e 

"

The yl(i''j" € ) bo-or:clary ì'iàs establ-:l-sheC using ciiiî-ferenti.l .Lhe¡:'¡a-L

anel'ysis (ia'¡-l-c 3)u anci x*lí.'¿'.Jr cl..iffractior., (Tab:Les golo)o l-or exar?iìr,:l-cu ¿1rc

a-l-l-oy of 68"68 per cei:t si.Lr¡er- (l:¿.bic 9) is ÌretercEoneous a1: ).ZgaC coirsi.sti'g
o¡ (t + € ) pliasesu but, is hcmogc;noous (.¡) e,i, it65oc. The::efoi,e the ì:ourr..ìarXr

y/(y + € ) nust li-e bet,,¡eeir 165oC 
'nd 

\Z9oç ¿..b 1,hi_s c;o,ipcsi-,,.ion" S.imila.::l¡r
the a].-l-oy of 55"63 per cent silver (Te_bl-e l0) qu"ncliec,l frorn jZroC r.¡as honc¡"-

gcïieûtì-q (f') ¡ut 't,he sariic erJ.-l-oy quonchccì frant 2.ZJôC riras heteyogsrne,:u_s (y _r € ) "
'llrei"e-,ioi'eo the bouiicre.iry t(y .¡- Ç ) riius.b rie beti.;e¿n3?t{'c rinc) zzJac a.L thiLs
conrpo siti-c n 

"

He¿t effecis obsei:vecì by clj-_ffereiitie_i .i:hcrr-iir¿rl ¿,n¿Ll_ysis (Trrï_,le J)
r+lricir ai'e due '¿o the llQ +,€ ) bouncjar"y trairsj.tj-c,n l.rera also ol_¡sc¿,ued bv

't,'rei-blçe 
aric rìggels (61.) i"Ìro attribu'¿ecl tìlc;se heat ef.fe.cts to ai-r ci:cier.*
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disorder tra.nsforma'uion of the Ç, -phaseo prpsürùably due to lack of a better

-explana-tionu al-though x-ray cliffract,ion datao as they poi't outu clid irot
suppo}t this vier'¡" a" sholm in the preserlb i'ves'r:igatioir these heat effeets
are due to a phase bcu'rrclary transitio'" No reason exisls for claiming
such an orcler*disorder tr"arrsformation" Herlner. (29) irrt*oduced an or.der-
diso¡'dei' transformation in the .¡_phase to explain t.he ]|BZ)C isotherrn
estab-ì-i'shed by'lt¡ei-bke and Eggers (61): no experime'tal evicrence exists to
support, this transforrnation" The 1BZ0C isc,thsrrn is adequately explain*d
l¡hen the ot-phaseo r'rhich Ìras t:ot previous'r y cìiscoveredo is talten irr{,cr
cons:icje*ation" Irr"om a' thermod;rrrarni.c poiilL of viei.¡ no neecl arises to i,-
troduce such an o::der di_sol"der trånsformation"
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TABLE 6

INTERPLANAR SPACINGS (A) OT STLVER-TNÐIIN,T ALLCTS

(¿wuoaml AT t-z9oco 21 DAys)
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Table 6 (Continued)

hkl Cal"culated"þ
(at-Phase) (c. t-Phase)'

33L 0 "g5o?1,,20 O "9266

Lt22 O "gt+Sg

Alloy No,tþ
76"6fl" ttE

( *'-ndt )

333 o.T9?5

4,0 o "gLþg55"0 0.)261v
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i-ndieat,es ¡netasta.ble phase
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(a'+y)
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Ç¿'l s¿f¿lsd**
l^;\
\ Y-rnase /

= 4"TzB fr"

o "g650
o "9460
0 "9299
c "Bg5I
0 "8737
o,8510

0 "83790.8260
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Thc._o-!=!¡g¡.q

A primitive cubi-c phase desiglia'ced as rrû,r", which f discovered,

exj-sts belor¡ 187oc arc ap.oroxit'tateby l)"8 i'rl. per cer¡t silve.i.. The icJenti.-

fication of this phase is basecr on x-r"s.y po,,rcìer dlffr.action datao Diff'ac-
tion lirres r^iith (nr:-) indices which are nct all even or aLI odcl as required
by an F*lattieeo rvhen indoxecl a,s the a-phasen defi-nitely exist (ra¡te 6)

and therefore they cannot belong tc¡ the noi*rrral face..cenùerecì phaseu but
must belong to a primi'clve cubic phase r.¡hich lias the same cell ecìge as the

Û,*phase" It tnras no'L possible to ob'tain the pu::e G,r*phaseo I¡ aclclitioit

torrû,î" the'y-phase and possibly the o.-r:hase luere a}.¡ays pl,esent, buL the

la.tte:: phase eoul-d of coursr¡ not l;e :irJentificcl unarnbi.guously.by x.-ra]¡ dj.f-
fr:ac'Llon r'rhen û-t-pbase is pre,sentu sj-nce rrg.rIr ¿-,.ì lrgrr L¡o"Lh har¡e ilre s¿.r:e

ce-l^I edge" The',''-phase is pr'esent iiretastebly in the alloy of ccilposition

?6"69 per ee't sil-ver as discussed unrler 'r,{etas'tabr-e states'r"

The celi edge of ilre rr-pìra.se (ancl of the o*phase) is 4."Ib4 -i'o
0"004 Ä'o an average c¿-1er-r.1.¿.'i-ed fro¡n'¿en rli-.flfereilL difÍr-action l-ines in the

(J- A
rango: ?."l¡ljli. Þ a å o"?gï18 of the al].cy ot,/3"82 per cent sllver" The

given ei'l.ol' is the lïlee.n doviat,ir:n. l,4ith-in exporir,rent.at erroi: the cell ecìge

of the ü,*pha.se a'L ¡rE.xj-lnlrrn soJutiçno Ll."!It.!¡7 Îo ,rs g:irre¡ by Or,ie' a.nd Robe.r.lLs

(51-) en¿ thaL of the sr-pha.se ¿.y"e the sa,Írec

firCie¿itic:ns are t.h¿.'¿ the g.r:¡:hLse is air orderecl for"tn of ,¿he 
O_..

phase so]id s;olution r.rii.Ìr the incliur¡i g..Lolns cccup;,ing the (r¡ne) co::ner positi-on
(000,0) of the cub:lc cel-1. an¡l'Lhc silr¡er at.oins occu.py-i,ng t-.he (111¡se) face*

con'l.r'ecl posi'Lions rcrTrT, e'tc"). such â.1:i al;oiiiic aïïàìlgeìnen.t r"esu.l¡t,s in ¿
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pri:ni'Li've cubic lattice r';hich ',.rould accournt for t,he obse::,vecl cìiffractiorr
lines noi al-lor,reri by the fe,ce_centred lat-Lice. This sinrple structure eoulcl

oirly h¡'lte the space gi'oup s¡irontetry Þnln. such air aton:j-c arrangenerrt r,¡ould

also aecount fpr the equal rat'Lice parar,ret,ers of the û. ancì t!*Þhases" The

structure co¡ls-ì-sts of tl¡o different types of atoins r^dth clifferent raclii, on

purel¡r georietrie ground s an in|ercharrge of one t¡pe of atoln frc¡m the co'ner.

positiono to the face'-center positions and vi-ce versa would not change the
eell edge if one å'ssul'nes tl:a.t tlre splier.ical a.torns 'couch along the face-
diagcnal in each c.?soe r+hi-eh i.s a r"easoirable assunption.

Tire structure pr=oposeC introCuces a. cúnposi'l,ioir res1:r.icti.oir,

naniel-;' tlrree s'il-ver atoms to one ::rdium e.torn per unit cell (Ti.gZ,/" Ag)" ft
rtas a'L thi-s cor-ûposi'fi6it'chgt the cl:if'f::ac'i;ioir lj.ires r^riür j-rid:'Lces (h*I) rrot all
odd oi's'11- eveli l'¡ere öl:sor'vecj,to be s'b:rc¡itgest ruiren co;iiparecl r^l-,ri;h.llie salic

diffractior¡ l-ines at o-Lher coreposi_Lions (viz " ?6.96 aitd "/?."IIiL ¡.s,) as shoinr

in Tal:rl.e 6"

since the proposecì sl,ructur"e of the o.t..phase is ye.i:ìrer" sirnpl.e

lt i'ias possibl-e to cal.cu-La-te tho intensi-'Lies of sc-,¡-ne of ilro pc;r^"der clif-
fraet1on f iires }esu1-ting frorn such an atoniic ar-ra.ugenento ancì to compåì1,e

thr:se c¿ll-cul-a-tecl int'.ensi-'uie.s r,iith tire cor.responding ol¡servecl i.n1e¡s:ities"

The :iri'berrsiiies fnU, vrore ea-l-eul.abecì usirng tìre forirüill. flrLl =
2

Ir iit:- C0 F' 'rJ(rr j-s a colrste'n'¿ r'rilich I'I¿ì.s assi.gn.;¿ ar.l:i.ti'ar-i1y.hc v¿.lue of
ulity since Otrl"¡r ¡ç1-"tir¡e intelrsi-l.ies r.re-r:e des'ii'ecl" ''lr'' å" 

tìre rnultipli.eít;r
fecto:: l:'i-s't.ecl fov.va,"ious (irtit) in Table /" c, ='!Jrc-sË."?--l ís the ,rgeore.Lric,,*

Folari.::ation facto.r: fol por.:rrerr- rìiffr¿rc.tion, a.ì.so ti:i"j ii"rjur" ," The
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values of c0 es a flxlction of 'rQ'r ?Ieï'o obtaineci -fron tables given by llei.r::yo

'Lipson and i',¡ooster (gùo 'Ï¡,r, the sl,ructure _flactor is given uy Fl*r =
(3 t^- Á.,- I ]. * f- /r- )2 ...,here r^rr is .i.ha,.8, -, zop_ 

* ttrrroor0og) rlhere 'rA't j-s 'che geornet¡:ic st.r-ucture factor fo;:,

the spa-ce gl.oui) prnJm i,ilrich r,¡as evaluatcd for the variou.s (rltr) indice s for
coordiirates given bJ' the subscrip'Ls of the respecti'e Ars. The forirruf-a

for the geoine'u'ie f¿ct,or 'A'r for thls space grôup is given in the rnter_
national Tebles for. X-r.ay Crystalography (fi) u",

(
A = B 'l cos2'¡rirx (cos2rrÞ'y cosznrz s cos2nr-y' eos}nr<z)

(

+ cos2nhy (eos2yi<z cos2nlx 4- cosLiilz cos2rrl,,x)

-,c cos2'-rhz (cos2nii\ cos2¡¡ly * cos',nl-x 
"o,rZr,.L') I'r¿ 

trt can easil¡r be rrei"ified that foi- al-r eor-rbii.rati.ons of (t t t-¡ Â = 1J1g for a.t,onis

atv; =0, y=0, z --A, and -bhai fo:: atoirrs atx=Oo ¡,=|o , =*r -A,.:+JlB

for ref-lections r.)--Lth (hkl,) all even o? all ocJd a.nd A = *16 for ref..lec.Lions

r+ith h,k ¿'rrc l not ¿rl-1 even or all ocìd, as .sho.,,m in TabJ-e /. Tlie a.-Lor,ric:

scattering fac'i;oÏs (ro) a" a funciion of (0) r.rer.o obtainecì froi,r the grapÌr

ín Fig. lJu r+hich r¿¿rs cous'l.ructecl fri¡ln data of :rêfu (52). Tl.i the eliûres_
sion Fj*a, the f¿ett¡r 'tl, ellLers es a r:eighting Jlac'Loy r,rhi"ch j-s cle.be::.rrined

b)t the -composition of 'bhe irni-l, cel.l. The calcrü-at.ecl :intensi,cj-es a'e Ia.z,ge

ntuilbers" To }educe t'hern t,o a. rìore conr¡en:ieni sc¿.lc foi'-Lire p-1lÌ,pose of co:'.-

pariso:r r'r-rth experi¡¡ien'bal iirt.onsiti-es all ealcu-l-aLed inteirsitios r,¡er.e. nuf-.-

tipliecl. by ,1J"1). x l0-'7', beÍore .Lhe¡, ¡¡sy. enterecl in Tabl.e B"

A coirçal'iison o,Î the obse:r'v.¡:rJ intensities ai:d üre co-r.i"esl:c¡rclirrp:

cal-cuf'a.teci j:r'Ì-eirsjtie s of the fil.s'L 'i:err cliffi:ac.Liolr lines (T¿,ìr1e ;) 
",r";-"

tha't' the rel-¡:.'tive '¡¿.-¡'ip-,tions of thc calcrr-tai,ec'r inteii-qj-t.ios ar"e i.n agr.ee'e't
t+ith 'L,he rele'¿j-vs va:."iat,j.oirs of ol_¡se::r¡ecl i_itt.ensj-ties.
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DATA FOR TNTENSITT

n

5t+"27
25"7¡-t.
T5"9E
t aõvÕ
B "727

5"020
t:.")59
J o CìO,7

3"t+86

TABLE 7

CALCULATTONS OF SOME

FOR THE crr-pil,A.SE

Yì

6
12

B

6
24
2lL

T2
6

2lL

24

f
n¿3

)t1 It ¿YLÇt+)
'à.Q A^

'¡Jt /^
)-r 6 )u

32"90
)I õÕ'

":o)J28 "45

2Á 9.^

ö/^ -L -!-\\v,ãFV_)

PôJrIilFÞ D!'r.T !ìnmrn"n
' 

vvt! DLi it¡3¡ lJ.|Jv I IUI\ù

1/
-.i-O
-rO
+48
-:+ó

-IO

. itÕ-¡"_rO

-IO
a/

--Lo
'/rO'T.-i(J

frr.r A(o,ono)

43"25
40 "35
J8"c5
36.l-o
34." 50
33"\O
)J "O)2a p.r\.

28 "452Ê rlrl

i48
+'rB
+1rB

-l+8
{48
-!þB

'¡rj,Õ
,¿E
.iJJU

'¿r8

F

86"4
84"0

7060.9
67A0.B

76"8
6ç "s

5697 "6
6/+"8
62"4

r.2ñ2 2

? ,46 x Loi o "zt+3 x ro1
T"06 x loj o"2ig x _r_01

'!"?45 x !o[ 6i2.3 x tol(L"Ll90 x 10" 3l+9"7 x \O!
J")o x Lol o"!24 x loI
t.t."B4 x L(n o.og3 x 101

3"2ì+6 x loi Lg5"6 x _r-oItþ"zo x !04 o.ol1 x l_oI
3"89 x :-:ù. 0.0".,6 x l_01

2.707 x 1cr zz6,J x LO/

- -2^or=I"U^Þ
o^
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TABLE B

CO¡íPARfSON 0F CALCULATED AND OBSERT/:ED

TNTENSITIES (I) FOR TlîB e'_PHASE
y - Phase

4"794

a" )J-)
2.397
¿"¿)J

r"748

T"598
3-"474.
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Lo¿to
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r_ oL.A /

1"085
I nQ/r

.) A hk
ônì
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0a "2
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-ìô 
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20 "o
L1 "22ñ1
00 

"¿L

./-v 6/-

10 "4
LLø )

(Gt ,- a)-phases
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"

4"ItrJ+
2"930

¿.)yJ

/-ou /¿'t R<"
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a"t+65

_L o JO¿
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Lõ.)U
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(o,t + y)Phases
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100t¡*
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I 000
900
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)
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Table I Contl¡ued
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0 "E969
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v oYY (+
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0 "."rPJl

(o' -¡ a)-Fhases
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l1 )¡
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I6 UJIJU
'ì ôa\ Él

o "9768

o "9507
v oY4OO
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cl(Calc.) for f*phase, using a = 2,96!
d(C.".]-c,) fo:r (û.t + cr) phases using ao

nKl

+-LV

lrì'r-F-!_L

(ot + y)Phases
73"8211 lre
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20
l_cc

0, r-Pha.se

r( calc. )x

100
'l <a)

BO

8, .=4.ZZB1

= 4.1-4(, .l
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since the z'efrections f'o¡'the hexagonal y-phase contribute

to the observed i-ntensitj-es r'¡herê these refrectioirs near.ly coineicle ,,.rith

tirose of the o-r-phasee an accura.te qu-ant,itat,ive co;rrparison of obserlecl. and

calculal.ecì iritensities cenirot be rrradeo

Fou-r diffevent filrns, exposed at one houru 'ù¡.¡o hourso five hours
and ten hours respeetj-vely t'rere u.sed to obtai:r the observecl intensít¡r y¿l¡1s.
gi-rretr in Ta'ble B' rn this i"iay the r,ree.kest reflectio's Ì.rere recordecJ. o'
the te;1-hotl-ì: exPOSed fill;r b'.rt not on tbe one and tr+o hours fi}lrs, bu,t the
strongest ref-l-ecti.ons ï'reïe 'roverex;oosed'r on ilre ten-]rour film. To o.l¡t,ain
the intensi't'¡r v¿1ues of the "overexposed.tr ref-Lections on the ten-hou' fil-m
the one¡ and ti'¡o*hou-i' fillrs r'rere useo' anrl the :irrteirsit,y values r.re*e mul-
tipl5-ed by t.en e.nc1 firze respeci.iveJ-¡, ¿o cory.ec1:, for t,he sÌro¡:t,er e>tpo.sure

tiles of these fil:irs. The ob"urroi j.n'bensitj.es .r,re-Íe a.ssignecl v¿1u-es of 1

to 100 on each fi.-l¡i ¡,elative to.Lhe r.eflect,ion ].|O,Z. This r.eflec.Lion r.¡a,s

choserl becau'se it l'ras l¡ithin the rrread¿.ble', intens5.ty rånge on al1 filnsu
e'ncl corìl-d coïr\¡enien'b1-y be ass:ignecì a "./arrle of r0 on the one,.hou:.. fi1-mu

a value of 100 on the ten-hour filn. The obser.ved intensit,;, yslres áïe
thus all relative to the sane basj-s ¿.ncl are self-cons.is,¿snl" fn using a.

nrunber of fil:'rs exoosed at cliffeïent tirnes ¿. rnnch l-arger.rariÊe of ,,reac*

a-bL.e' intensiti-es caì' t¡e 
'eeorded ilrair in us-i-'g a s_ingle film on1-y.

nt :l65oC anC at 26,69 oer cent sj-lver tlre o..r-phase still exi-sts
(ta¡le 9) but a'L j250C thi-s pha-se does not, e>risi, as far as coulcl be cleter-
rniirecl by x-ray.di:tf:,:.¿ic-L,i-on, but the g._-cÌiase cloes çxist as cej.l be _qeerr j-n,ilie
phc'ton'icrog;raph of Plate B" These cbs.:¡vat.j-cns j-:rriieate that the a,*phase Í_s



ll (
--J

forrned at ]:BToc by a peritectoíd phase*reacti o:r r,",hich is j-:rr agreerneirt r.rith
the phase diagram of i.Ieibke ancl Bggers (61) although they have rrot shoi.,n this
phase-reaction" The honogencous fielci of the crÌ*pha..se could no,¿ be estab-
lished. rndications å.r.e 'r,hat the cornposi-uion of the o,...phase is Ag.rn-)
Loe" appro>llriatery lj"B per eent si-lver" Trre q, and clr prrases r.rerg not
d isti-nguishable núcroseopi eal.ly"





hkL All-oy No.
o,1-phase 76"695 Lg

TAELE 9

Ïì$TEF"PLATIAR SPACTÌ\]GS (¿ ) Or" STT,I¡EN-INDTUM A].LOÏS

l_0c
1l-0

1l-1

0.t

I
ô<
0.5

)
10

L

l,lr

d (r.,r

/ì

2^ñ AU

L1-. La
/- õYL
2,s\J
2"390

2"21rÀl

áoUOO

Ail oy No "'l l-
76"69'É ¡ye
(ot'?)

(¿¡x¡aI,sr

I

)
10

ô()

vo)

I2o 0"5 l"zer
1 1"740

220 Z I.Lv6Lp

l650c

2"5Uþ
2"399

2 2<ñ

2"085

Rttn ¡ 650ç)

I? Alloy No" 12

2 t"352

311 B I"24g
1 I"228

222 4 a"\g5

4
ì
)

10

1

5

To "I5i6 lrs(v)

2" 556 52"387 5
2"326
2"263 10

t"z+6
'l ,r D^

1 I -(\^

o
v")

/-

Al1oy No, 18
68"6Bf" As,
(y+e)
i a^O^L'Y V

t" )))

La¿))

to/-t)

1"200

2"570
2"380

¿ o¿to

T
I

o
,l

'ln
v")

v")
V,)
vo)

ì
l

ñ

v")
-t

u")
a

ô

)

l-
I

\"749 4

r-.481 4

b
u")

/-
v")

'l
a

¿" ))O
2"39r
2 A.DÉ

¿ ".))
¿"Lv )

1_"V¿)
I o?t
1 "Bo2
Lo (4O
- /t. -J_ o O+)

J-6aY (Y

T"1,57
L ôLV¿O

i" )'/ )
Lø )t+
L" )+J
Loltö

Laa) /
L"2T6ì ì.\-!.L> f
1 1/P

'ì I 
"rì

r"354 6
r"3tv4
r.259 6

4"239 3
Lo¿Lt
_l ìôÉLoL) ) J-

I"129 0.5

L"746

i"4B/+

I

b

10

LoLOI

1.240

LorY )

I 'ì?e

2 <Rrl

a6ao+

Lo())

-l ,r ôìL 6a7J-It

1

l+

)

I

Lo)t+

L"¿/)

L. a+()

1 1^tl
-L c )-)t*

L.L))

ñ



Tabl_e 9 (Ccntinued )
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From the x..T?,y diffr'actiotr clata of al-loys annca-Lecl at ¡29or:,

compi-Ierc in Table $, it ís eviiclE;nL that, all thrce allcys of colirposition

76.69; ?3"82; '/2"!I per cent silver respectivel¡, ¿r. hetez.o¡4eireous, ancì

consi-s''¿ of (o't + y)-pìrases. T'he d-values of the pure i, a,ird t/phasesu cal-.

culated by us'i.ng the cìetelmined cell edges ano'the approi:r,.ia,¿e,l,iillc'

inclicestr h¿ve beeil íncl-uCed in .L,histabl-e, 
, for ref..ereneeo

SÍrree the hexagonal y-phase has sorire cìiffraction 1inos r+hjr-ch

very nea.r1.y coj.ncide lii'ch soine of those of the eubic û.f*phasen not all dif*
fraction lÍnes belong:i,ng to the crt^phase could be assigirecl u-¡rarnbiguousl.y to
thls latte::'pha.seu buL a sufficierrt Ììuinber of lj.nes Ì,reïe urrairrbiiguously: t,hose

of the û-t-phase and could n<¡t be accounted foi. by pure 1...ph:rseu shouirrg that
. all thr-ee alloys are hc:t,e-rogencjous" The inteirsities of dj.ffr.¿r.ction l_j-nes

belonging to the crt*phaso are snlallest fo¡: .vhe "/2"II per cent silver. a1loy,

thouglr the c.t-phase slill erist,s i,n small, arnonnts j-n this allc;y at ¡1Z9}C"

Since the indiui'r-ricÌr bourrCa:"y of the y-pha.sc is at a.pproxirira-Le1¡yZO.j

pe} eent silver the corrposition rell€ie of the y-phasc at roon tenrperature

rnust be less tlian -l-.8 per cent. On the basis of the :inlerrsit,y data ilr Table

,6r- the silver'-r-i.eh'couuilai.y of the 1-pha..;e is crudel¡, osti:nated to lie a.,L

f1"0 per cent sj-lver, r,rh:ich Iì1qens th¿lt the coinposibì-on l'ånge of thc y*phase

is less -L,han o¡re Ìret cetrì- ai; roo¡r tcrirp,e:'a-Luro. Jii 3?.5ocrthe '/6"69 pei" eent

silveu. a3-1oy (ettoy No" Z)u cctrtäi.i:ecì o.-pha.se r.¡ìr_ïcl, r;¿rs lCclrtif,ied by x.-r,ay

rrici"oanarysÍ.s (P1¿.'te B ), but, eoäta.i,i-red no û,r-.pl:ase . ,[-:r a.ll-o¡r of
conposi-tion f2"I7_ pei. cer:b silver (f:-:Loy l]o. g)o d:icl lrot contain û,_.¡:lie.se cr
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o1-phase at' )zJoco but y-phase. Neither Ì^ïeïe'¿he tr,¡o phases present at higher
temperatutu" :-" the let-Le¡ two alLoyso as'was ascer:tairrecì by high*ternpe*a-
tut'e x*ray diff::actton. These obselvations a?e in a.greerr,ent l.¡ith those of
previous Í:rvesiigations (6trz9¡ and extension of the higìr ternperature phase

bounciary of t'he y*plrase on the silver--ri.ch sicle to a terirperature of r37oc
is essentially correetn as estaÏ¡lishecl pi"eviously"

Refer'::iÏrg to Table Ç u it is seen that alloys of corûpositi.on zo "r5
ancl 68'63 per ceirL silvere ïespecùirrelyu ale b,o't,h heterogeneous at 1zgoc,
and consist of ( e -l y)-phases, but boür e.re hc,iriogeneous (y) at 1650g. High_
ternperatu,ïe x--ïây diff::ac-Lion in the rarrge J00 t.o 55ooc shor,rcd ilra.b these
al_l_oys rernainecl síng1.e-_phased (y) at ilrese hlgher tenperatures" Tne t,yansi*
tioti froirì € to y r^iâs o'oser"ved bl, high*te¡nÞer*atu'e x*J?ay cjiffracti.ir for
alloys of corrrposi'cion 66"50 and 65.28 pei, cent silver respec-t.ive1¡2. A.L 25ooc
only the pure Ç *spectrun i"ras observed ancl aL 3500 only the pu."e ï--spect*:¡r
was obsez.ved.

Hel''rer (29) ro.t,"cì that an alloy of corçosi_tion Asrrn (n"ez;t lg7
vras honogelleÛus (r) at r"oon teritpe::atureo rn rny inrzest,igation a¡ all:y of this
eomposition ]'Jas found tc be hetercgeníiou.s et 'rroor.n teiäperature. (1z9oc¡ 

"rr¿cotrsistocl of (y,. Gr) ,.;Ìrile at l_65oC tho s¿ne a.llo¡r.r{å.s honio¿leneou.s (y), arrcì

this structure r.ias retained ¿t roo¡ir terilpei.ature if ths a1.ì-o¡r 1,ras ¿,¿rrnea_Led for
only one rrrêek at 1?9oC. Three rveel<s of arrrieali.ng at, this tempei.a.tu.re gave a
heterogerreous'a-110r (o:t -r' y) (rable6 )" IIell-rrer ts (zg) obser"vation i-s -rreadf-ly

explained if one consicìers that he ar:nealed. t.Ìri.s ¿.11-oy -for one r+eelc at 150oc
t'¡hich is probablJ- too Ìriqh a teinper.atr.rc alcl the aün,::¿litrg tii¡o is to6 short"
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for equili-l¡riri¡n phases to form"

' The syrnbol "Yt"' in Tables 6 ancl 9 u inclj-cates that t¡e y*phase is
not atr equilibriurn phasen a'u room ternoera'Lure at an overall eor,rpos.ìlicrn of
76"69 pei'cent' silver, though sonie y-phase is r.etainecl even aftcr three
weelçs of annealÍ-ng at I2c)oC" The obsei"ved o,,--phase proba.bly co:rsists of
(o- + dt)phaseso b,t c*pha.se ca'not bedifferentia.ted frcrn û.r-phase by x*ray
poi.rder*cl-i:lfrac1"i.onu if the laiter phase (ar) is preseirt.

That the y-phe.se is rrot s'cabre at the overan composition of
?6"69 per cent silver at rootrt teriiperature.can be seen by conp;rrlirg the tvro

photomicr"og'aphso (p1a.tes 9 ancì 10) of this al1oy" pra.te 9 is a photo_
nicrog'aph of the alroy'after. alrnealr'g for th::eo r.,ceks a-L rz)oc" p-r.¿rt,e

10 is a photonic::ogrnph of the sa¡ne al-loy (ancì sårie ailnealing; -trea1.¡re^t)

but ta.ken tr,¡o month*c rater (at roon tenlpere.ttr.i.e), shor.ring that the y._

Þhase is slo'"rl-y tr¿.nsforrningo parl-icularly a.'ù the grain bou¡o-a-¡lese pr-e-
surirably to (a + û-t)" The net+J-y forr,ed pha.se did not presen.l, a sufficiently
large a.Tea- 'Lo be analyzed by oit.her elecLron pr"obe oi. the x-r¿y rnic?o

technique o

M' 325ocu the y-phase ha' a very i+ide *ango of homogeneíty" The

present inr¡estie;atj-on sltor¡vecl that the incliun*rieh ph;rse bound.ary of the v*
phase (above 3oooc) ís a.t a higher i-nd-it-r¡,r coireentrat,ion than that give' by
l'ie!-bl<e anc Bggers. For exarnplco at 325oco as estirnatecl fi"oir ¡re pha.se

d'iagrara of 'Lhc above au1-horso it f.ies a'c 66.3 pex cent sj-l-v,eï eolnirared r.¡jL6r

JZ'J pe? cent silver at the satne tern-i:,er';iture fc,'cmcl iir ny inrresti€jatiolL. The

high*ternper"¿rtu:'e iu=phase ì:oruidary r.i¿s estab1i-srred by diffei.errti-al ,¿iie:,;,ral_

anu.l¡rsis arrd x-ray cìiffraci.ion,









7.z',/

The phase diagranirFigs" lj, 1/+ is the resurt of ny investigati-on"
' The y-phase uncrergoes a met,aieciic decornposi_riiorr at 2o5oc in
a compcsition lange ctf 6),a r'o 52'J ¡rr:r'ccrrt silvei.. /Llloys of co:rrpusiLic¡ns

¡+ithin that r"ange r'¡hich l,iere queìrchecl frorn temper.atr¿res above 2c5oc shor,¡

irriergrairr liquefa.ction, es cån be seen in pf_a.tes 11012113. The da.rk
lines betr.Ieetr Srali-is a¡'lcl the tr:iangular ar-eas at ths gr.ain juneturos could
be clea¡ly dist'inguj-shecl rtncler the rni-croscoÞ€ as a second phaso r^¡hieh r+as

veïy sofi: - a}aost, pu,re indi-uin. The round and Í-rlcgul..ar areas (cìar,Þ;)

r.athin the gra.ins in -Lhese pholornicr.ogi"aphs s.r*e hol_eso.

l''hen ¿n allo¡t of such a conposi.tioir is querrchcd frcrm te*iperatures
higlror" Lhan 20Joc soi'te rirel-tirrg rnr-ill talre pla.ce beeause of the ,rrre{.atecf:ic.

reaction a|' 2a5oc" r)ur:ii-rg the rel-a.ti..¡el-y shori: t,irne require6 to traverse
the terçe'â'üu1'e i.n'Le'val -of zo5oc to J-66oc r,rhcl.i tl-,e allo¡, is queni:Ïrecr in
l1qu-i"cl ttitrogeiro only a sirial--L anount of l-io,uj.d can be e>rpect,ed to fo;.nr

since rneltirig is ilarrìi.y air ir¡stantancou-s prûcess. ì.rel,,_j-ng in t.his cas:e

occul's firsL st the gl"ain t'ou-ncjari.es as in ncma.-i- rnel-t:ingo a.s can be seen
fron P-lates 110120 l-3" Ás fa-r ¿.s could be ascei.r-a:ïned the for¡uati-o' of
the fl*phaso clces nr)t' occLÌl" u¡rcle;r't.hcse clrast,j.c corrditions ancl Lhe liquio'
}etnai-rt's as sucìr bel"or.r L66oc until i.t, freezes to the :ìircliu,:rr"-rj.ch inte-rg yein_-

phase seetr in these pho.bor,ricro¡,;raphco

1\ro alloys cf cor.rpo¡;iLj-on Jlt.(t) ancj 62"BJ pai. ccir.L sil"uú'. 1,ier_e

exanirred b1' qucäch:r'g f'ror,i 3z5oc arr) ?.iJoc. phot,onicr.ogi-a:.¡>hs c¡f .he se

queirchecl aL1.oy-s a::e shor,i¡r in platcs !2 rf) r_1_), pxcept for i.-nter¡4i.ai-n

liquefrrctir¡:r the al-1 oys a::e ui-r¡iiist.al<;:br-y irc,;'.rri¿;c'r:oüs" x".y¿iy crifíiact.ion
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(rnicro ¡.na.lysís) ror' the alloy oî 55.6) per ce;nt silver.o gi'c:i in Taì:-Le i0,
sÌ:'s''rs that the ¡:Ìrase in questiciir is the he;ragorrr.l y*ph:,se. High--L,e:ürpe:.a.Lure

x*ra}¡ diffraction s;hc¡,.¡e,:l tha.t, ilris al1oy o.oes not r;ndergc a.ny ci:a.ge in
tire tenpera1,ur.e r:íiïjae of irrvestig"ttion v-Lz. jzJoc La 555ac, but, ren¡.irLs

honrogeneous., Trre s*nie a1loy r^¡¿s het,erogsrleûus af 2z5tcu (ta¡telD), con_

sist,ing of (y -.1 e ) phases, Si¡ree the latter al1oy (55"giu Âe) i" 1_ph:ise
a+,3?5cC, but is lieter..ogoneousÐ ecnsisti.ng of (y j- € ) pha.seso a.t 2Z5LC
(ra¡le10) the 1,.-pira.se 

'bounrla.r"y i"u" ì,/(y .t- € ) musl, obrzioir.sly lj.e in thi.s
teirq:eratule r'ånge" !-ìfilrermcre , slnce this ar-r-oy cûïrsi,.-ì.t.s of y*phase at
325ÕCu tÌre '¡-pl:;rss sol-icl',:s must obvi-oi.islv l-ie at a coitcen,¿ration less tharr

55"63 pêï csnt. silver" a'i:. 'Lhis tenpei'¿¡.tui,e. Thcs;e _fÍr:dii:p;s, to¡4cthei. r,¡j_th

diffe::eliti¿zl- thcri:'1r11- a.:ra-r.ysi-s datae neï=e rised t-.c, dr"a.r¡ tht: y/(y +.€ ) bo'n-
dai:y a'nd the y"':soljc,ìus j-lr'che pirase o'irrgi.a.n FJ-g" ILr" Tlhe y*scl-i-clr.s i"i.ir
established by r,ie i-s dis-i'la.ceil to mnch -i ol,,e:" silver coucent,r.¿-t.1cnsc på.r-

ticr-rlell'l3r at the lot+er te'r:ipe;ratnr"eso r.rìren colnpl.:-eiì wi.th the sol-iclus g_i,.v.en

by l/eibl':e anc llSgers (61)u Foi" eixarnple,. the so-l-i.dus tt.t j?jociÍ-esat. 66"J

per cent 'si] veL: acccrtìing to the phase cìi.e.gi,a.rt of ì,,¡eibl<e ancl llgge::s, Ì¡ig" 1u

ctr:rrpared tt: J2"J per een'L sjilver fou-lrtl irr rny invesl:j-gationu at the ss.r,re

teinpc):.e'uu.tc o

rn Tab'je-i'0, thr: d-r'¿.1ues of f*phasen the 1,-phaseu ancr the cor...

respc)n(Ting l'ii-l-.Ì-l:;'i-nci.c,csr, rï€r :'i rrcl-ridcrl for.i..;.[.c:.eylcea

llhe cli¡'fi"aci't.ioir lines of thc hi.;r;.¡¡c,irn} '¡-i:,'rase r.oi:e i.r-rcle;re¿ ¿¡rd

t,ho 'bcs'¿ lp-Ltjr:e 1:ar"ametcïs r./ere clotei,:li.¡rccj. ir¡ t,hc+ fo-ì-ior,;irrg; l.r:ty:
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For a hexagonal syst,e:n

1-.r_.
./.o 

hr.r-

¿
-ã'¿ (1)

or I Lr Nu t22 = 3 _Z +n e)
oJac*

.2
r,¡her"e t'tn - (tr¿ 1- h,x 

" 
k?-)" Using initiall¡, the lattiee pâl.åme,;et,s given

by Goldscl'midt (ZLl') 
" 

* 2.950p c = Ll.?690 a nulnber of Nr-values r,¡ere c¿l_

cuta-ted for e¿.ch cl.-talu.e for a rårlge of assignecl 1-i.nteaer-.se frour¿he

above eqi:.ation" Fo:: exarrple, l i,ias assignecl values of l_ * oorrz, n"ou 6

in the front-:."efl-ectj-oil rogion :LnC seven díffererrt Nn values lihere cal-

eul.e.ted for each cl-value" Since ll' must, be ¿.n integer the N'r.-value cl-osest

to a Ì:erra:issib-l-e integer r^¡as the cle.sireo. r'al-ue. The pa.r.tieul_ar l_valu.e

rised ín calcu_]_ating the rrcoi.rect'r 
\_valuc r.i¡.s the proper l-index" BJ,

using the taì:les of Aza.roff ancl Bu.er"gei. (50) .¡1. h anc k j,ndices r.¡ere

easil}' and conveniei'rtly founcl once lJ* r,ras kno.,,;:r. fn this fashioit the coy.*

r"ect hì<I indj-ce"s -ulere e's1-abl-ishecl for each d-vel-ite" Si¡ce the ccinpui:a.ti.ons

a:.'e tçdious ancl titne consur'ring e pl:og"em l.ras r,n'it,t,en f.'or a smal1 comput,ei

("Progr'ar¡rna 101Ìr) r+hich calculated a se¡aes of \*values fcr eaeh giyerr

d*valueo begÍ-nning uith 1= 0 and rej-terating the calculatj-on e"fter in-
creasing 1by oneo until the l"imit irrposed on 1r.¡as reacheo'. lirr:i-bing

oquation (2) for tr,¡o clíffer.ent d-r¡a-l-ues (droppj.ng the rrllr| c,n N.r):
' i\1 12_1,_ \ "1- . r

.T-d1 ' a c''

_+*
¡é

a

2l\t 'r*,, ¡r^ r^Ly¿/-

^¡</u'ac
anC N., n 1-r-; ancl N, Irl. are the rcspective



inrìi no<

giving:

A=

the tr.¡o equations can be

l-2 ^, -'2
4 (Ii r{? - r; Nr_)/2
_ _.-L.-j4..-__ "_ ._3r-2 -,2 -h-l rr rz 

ve-.L?":2 J"2 "1

r32
solved for a and c sl¡nultancously

at roc:n t*mper'¿,.t,u.re

(N" ri ." r'i^ t?tlt
c = ¿J-

f ^r I'1, 
1//eL;? 7J

su'cc:esslv" ,t": ", ,::.;es (ancl thei-r eoï"i'ü$pûilcriirg r,.iÍ.ller indices) r.rere

used to ca'lcrùate a llu¡riber of rrart å.Ì-¡cìrrcrr val-ues" The averâge rar ¿¡d rr"rn

values r+ore then cbtained anc these are the val-ues used in calcri-1a.t,in¡: the
d-values ir: Tables 4 ancl 6,

a = 2.96L + O.OO2 Î
e = L'"7?B i 0"004. I

The e¡ror shor,¡n is 'uhe mean deviaiion"

The given cell edges l'Iere caleuJatecl froiii 'i-he por.¡der clif'fi:action
pattern of alloy No. rz of cornposit.io:r ToÅ_5 per cent silver, usÍ-ng the cr-.

values i;r the raìrse 2"2.63 > cl à o"g2gg1l,(ratte g), The a110y co:rta:1.r.red

sonre 6-phase. cnly the lines belongiir.g to the 1_phase ruere u.secl. sj_l:co

tÌre allo¡' i-s het,êr"cgetieouse the ca.leul-atecl. eel.l edges a-re valÍcl for the
cottrposition at the incliuin-rich phasc*bcurd'.r-y of the 1*phase viz" ?0"3 per
ccirt sil-ver" since the'¡-pliase has e rro?y snall conoosj-tion r.ângû st. roojrr
tert¡;e::atu-r'e (less than cne per cent) the latì:ice ecìgcrs r,roulcl be expeefeC to
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be very nearl¡' the se¡ne at the co:nposition of ilre silver-rich and the indiun*
rich phase*bouirdarios of the y-phase" The cell."edges of the y*phase should
thus be very near"]-y the saiiie at âny coiîiposition i-"3" a.n a1loy of any oveya1l
contposition r'¡hj-ch is at equilibriu¡t-should yield vely r.Ie¿irly the sarne ce-l_l

edges' only if ttie y-phase r¡as irot at equilibrirun at roon temperature r.¡ou-ld

subst¿ntial changes in ce1I edges r¡ith a chango in eompositioir (¿t roorn

tempera-'cure) be expected' The eel1 ecìges detorrnined by Goldschrniàt (ZLt),

I{el1nei" ( 29) an¿ rnyserf are girren beloru for. eompar.isor?u

a = 2.950 t "003 kf. = ?.956RGol-dscl¡nidt e¿f ) c = 4,76) J,, .OOj kX = 4.7.¿9f

at Â o^T¡
(rcrom térnperatu-ce)

Hel.lner ( zç)

. h"esent

a = Z.Çt)j R
.oc - t-p"789 Ã

s - 2"96I ', "002 I

at As66fn32 (roorn tenner¡..Lur.e)

fnves'L,igation e = 4,.lZE+ "0C4,1
at 70"3 per cent silr¡er

(rc,om teniperatu.re)

The su'ostantj.al cliffereirco iir cell edges as cletel.yirineo' by Golcl-

sch-niclt ?-tv) ¿.tið. Hel-lner. (zç) eornpared r+iilr ny va.Lu,es sagf,ests ,chat pi.io:,
investiga.tci:r's did rrot. anìleal_ the a_J-.Loys at a suffici-ent,l¡r 1or,r tenipara_ture.

This conclusion is e-l-so su.pportecÌ by the fact th¡rt. r found an alloy l)"Bz pe,.

cent silvei (Tabl-e 6) to bc het,erogeneolisi co,sis.Lins of (y + q,,) prra_ses at
rootn t'etnper¿'tuÏe r'rhile Hellirer" (29) rouod the sarne a-Ll.oy to be hornogeireous (y),
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I,þtest'eþle Fta.tç:
The y-phase exists metasfably at r=oon ter,.ipei.atur.e (a.b compositj-ons

r^¡here it shoulcì not e-xist) even after prolonged arrrrea.ling at llJoc, as

sho1'r¡r in Plate 14u r+here the gra.yrti-sl-ano'srrare the y-Þhase" A compari_sorr

l¡ith Pl-ate 2 r'¡hich is a photonicro6Sraph of the ss.me a11o3ru r.¡hich r¿as not
annealed an'l t^¡as subjecteo' to differential thermal ana.lysis orrly, shol.¡s tha.t,

the na.rroÌr'rim'of fr-pha.se (irr the latter plat,e) surrounding the -ra.rge

'islands, of y-oha'se has grol^m consiclerably after annealingu vrÌrile .bhe

aÏea of the y-phase has clininished" Therrislands, of 1-phase in plate l/+
have e' speckled å.ppearailce r,¡hich is clearly revea.leo. in the enla.rged pho.t,o-

rni.c,:ogi-aph of Pl.ate 1.5"

New pha'ses åre apparetrtly boii'rg precipitated ruiiliin the .-me-l,astable

' 'y*phase' The i¡diviclua'l gralrs of the r;recipitate are at this stage too
s¡ral1 to be identified by ele'ctroir probe lnie¡:oanalysis or aÌty other ne¿l.tso

Tire prcci'pi'bate is probably E-phase ancl an ir:diun-rich phase resul.ti.ng
f}on tha relateo'occuïl'eilce of the met¿tec'¿ic phase r,e¿.cbíon r,:irich nor*r,rally

t¿'kes place at' 205oc" The incjium-rich phase is ítself metastabl-e at t,his
cotrtposit'i-onuv'iu u, 34.00 per cent, silver"u and it should then react r.¡ith the
remainiirg y-phase 'Lo fonn p-phase" .X-.r."a;, cliffraction ciata of the e¡d*pro._

du'c-Ls of -L'his phase*r"eactiono vilrich srr-ppor.l, this viei,r, Ìieï,e oblainecl. An

a11o3' of coniposi-iioil 33.89 pe:' cent s-'il.¡cr: T,ras s-nì-ìealecl for four. r.ieeks at
Lj5oc ¿.nc el-lo,,:ed to renain eit room t,er;iperatnye for tr.ro rnonths in a pcr-isìred

si:.¿rte beforc the pÌ:rotograph r.ra-s tgke¡r r,:hich is shor.m in pla.i;e l-6" The arneas

i'ihere the 1,*phase previr:us;l¡r s;l.rtecl as 'risli,.nr]s,, ¿¿re clearl¡, outl,,inecì 
"
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\',lithi:r these âreas another phase, oecuring as srnal-l- brigìit areas, is

evid.ent,. X-ray cliffracbiolr of '¿he heterogeneous areas (micro techniqu.e)

shor'recl tha-l. the phases ai'o ( Ê ¿. Ø) "

The sequence of event s taking place durirrg the attainneirt of

equilibr:Lutn j:r al-loys rnih less 1:,han JZ"J per cent sih'er (for exarnple the

31P"00 per cen'L silver a.lloy) nust be as folloi.¡s; Frorn the ¡iolten sllov l-.he

y-phase i-s p::eci-Þi.tatecl fj-rsl as a soU-d at the temperatu::e of the y*soli-rlus.

ÃL 2O5oC the tneLatectic rea.ction occurs ancl thc solid renelts pertia-Lly"
^A'1, 166"C an aclditional solid phase is p::ecipitated - the Ø*phase" The latt,er

phaso trucleates preferentially on the y-phase forming eventually a visible
rrri-lnrr or she1l around the.y-phase as in Plate 2" Sinc.e t,hc f*pbase has a

coiilpositioir interrneCia'¿e betueen ^¡*phase and the inCiu¡n*r:ich phase, fu-rthel
¿groi'ith of the fl-phase ¡rus'L i.nvoir¡e diffu.sioir of sil.ver and indium throu-gh

the la'¿'¿er ph;rse, a.nd eonsequerìtly g-r:orr;-Lli beco¡nes slor.reï I,lith tirne as the

total thiclcress of fl-phase through r'¡hich diffu.sion rnus'L proeeed. becomes

larger" fiimultaneou.sl-¡' the met¿.tectie reaction t,tay pï.oceecl s-l-oi¡ly 'chrou-gh-

out the y-phrtse yi.eldinp; ultirnately fi".pha.se p1.us ( -phaso" The l¡.ttcr

l)t"öL:rlss iriir.y lrr':r)r'rìri+ [,]rr+ pre:rlr-:nii.riant pi.oee-ss o rrrl-'ch tiree" l,ihar.eby the al-l-oy

reeches the equilibr,"iuar state. Rot,h pl'ocesses are u¡o'erstatrdably slor+;

y-.Þhase is thu.s retainecl ntetastably unless the a.l-Ioy is annea.led for a long

lljJie e

The lrou*equi-libriurn states cìescribcd, r.;hicli prevail dut'ing dif-

feren'Lial anal-ysis, r.:iIl- ha.,'e the effcc'L of exbenCing 'bhe lii.þoC*isotherm to

s. rnuch h-ip'hev' sìl-v6;1' concenLratiot., i;hali r.rou-Lcl be obssi:ved unCer r¡nni'lihr"'ìnrn\rlLcr,jI irvu_!rL ue ULTJUJ_ vçu. ulluçt- uqu_LJ-JUJ,--Lt!l,l

coircli-cions" Tlhis is sìroi;n ii: -the plictornic::-ógt¿p].L of P-l-ate l-.
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- The y-phase is al-so retaineci netastably at rooin ter,rpei.atu¡e at,

conçosi't'ions l-ying betr^¡ecn the o-*phase bounclar.y and /1.0 per ceirt silver,
and the (*phase bou-ndary and /0"3 per cent -silyer, unless the alloy is
properly annealedn Transfor"inatiou to the oqui1-ibri-r:n pha-ses ean hor.rever

he inrlrraorì }.rr lþs¡rna1 shock it. seenis. Plate 12 is a photoriicrograph of anur¡çr lr4f, ùrruuÁ l_ 1, / l_S A photOllìiCf

a1loy of contposit,ion 68.68 per cent, silver rvhich Ìtres eüellchecl f¡oür 655oc

irr liquid ni'[.r'ogen' X-ray dif.'fr"aetion (nicr.o analysis) shor.¡ed that the

honogeneous (bri¿;hi-) areas are grains of y*ph¿se r.rhil-e the heterogeneous

area betr¡een the grai-irs consists of (y +.€ ) phases. The sane al1oy

orrr:n.her'l f'^'' JOOoC did not unc'ergo this'cransfolrnationu brrt rern¿.iried homo-L ' vL'L )vv v u ru rrw u utlu ul-tr(J LII _15 Lra.llsl

geileous througiroul.. Siririlarly Lhe J?-J-L psr cent silver. a1loy (,qttoy Nos"2o5)

rvhen quenched front either 655oc or JOOoc clicl not uncler-go the transfor.matj-on

¿6 (t i'6 ). ThÌs ruas not surpri-sing since the lat'i:er composi-tion does not

fal-l r,¡ithin-Lhe (y -¡ € ) region at any temperature" Tt is probable that the

al1oy of 68.68 per. cent sil-ver" was in the y -f Iiqu.Í.d f':iel-cl at 655oc prioi:
to qu-enchitg - jucìgirrg fron the appeåranre of PlB-l:,e 7-7, and that the liquid
ti:atrsfornted to the €*phase afi,er quericTring. Bu-t if this clid iirCeecl he.¡rpeno

it is not clear rthy 'Lhe f-iqui-d shorrlcl not ha-vo tr"ansforrned .to tlie ,¡-plia.se

after quenching as i.roulC be ex,oectecl.

,A.11oys of nletastable y-phaseo r,rhich have an overall eo¡posj.tion

th¿t falls r'rithin the (Ø + € ) renge at roon tenporatur.c;o c:an he 1^ea,li.1-¡,

transfc,¡-rned to the equilibriui' phasc u (Ø + € ) uy filing. The filiirgs sÕ

p::oducecìo cons;ist of (Ø + € ) phaseso Tt r.,as f<¡r this roason gra.t quenched

allol-s had 't,o be a.traiyzocl usiiig thc micr:ol-echn-ique of x-ray- cliffi:acti.on, r.ihi.ch

dj-C nc1, ceuse e' t'ra.nsiorirra-Lion i;o the oqui.l-ibrilyn ÞÌrases to talie place,
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To ascey{.ain r'.rhether the indirrrn*phase l.¡hich is p:.esent a,L room

temperai-ure in alloys of compositj-on lying betr+een the 6: -phase anci Agfn,

is iï faet present metas-Lablyo an alloy of 36"oLt per cent silver l.¡¿s

airnealeci at 135oC for four t,ree]<s. I'ficr"oscopie examinatione as shor.nl in
Plate 39, siror'reC tha'' no incìiu:n-phe.sc r,ras pr.esent, arrd that tho a1loy con*

sist'ed of orrly tr'io phases - largely f-phase and sorne ( -phase (urigtrt areas) 
"

'Thus, given s;uffic-i.en't timeo the indiurn-pliase d:isappears at teraper.atures

lo'¡eilbha.n 1650(1, iit the cor,rposition Ïange in question, anct this ïïreaìrs

that any irrd.itr:,r-phase prcse:rt at Ïoorn 'rerripei.a.ture -iir ,such alloys is present

rne'l,astably"

Atiernpts r¡e::e macle tc, define 1;he conposition of the Ø*phase rnor"e

cl.rsely" ./rn alloy 33.89 per cent'si-J-ver" r,ras ¿.-!-so ¿nirealed at LlJoc lor
four r'¡eeks to est¿l:lish equilj.briurn.. It still ccnta'iired a srnall- ancunt

of e *phase as sho...m iir itla.'r,e 1ó " similarl¡,, an alloy of 3L"9,1 por eenL

silvez- (Agfir2) r'rås aÌ'rì1e¿1led f'cr" fou.r ueeks at 3-J5c'C" As shc,,,.m in pJ-a¡e lp,
three phases are still pt"eseirt; he;nce this alloy has not y:eachecì equi-1:ibi:iurrr"

The fer,¡ snall b:eight s.ïes.s r.¡ero identi:liecl by x_r,a¡r diffractj-on a.s 1_.Ì:hase,
The major'.cons'¿itrieirì: 1s f-plia.se" The dar-lr gray ar.eas are i¡d.ir::n-î.rhase"

Froro the observ¿t-ïotr th¿.t the inclirun-phase presented e- lar"ger tota1 area

than tlle 1-ohase i'b r,r¿is conclu.ded th¿.t the eclLiilibriurir alloy wc¡uld be

heterogoneotlsr consj-sLing rnaiirj..y of fi-phase and a very sräall aiiiourit of
incliurit*phase. The cr::n¡rositio:r of the Ø-phase thus lies beLr¡eerr )I")./ per

cetrt si-lrrer arrcl 33,89 por cent sj-'l.ver" I'¿ i-s; estir,i¿:.ierl, thet the com¡:csi-tion
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of tlie f-phase is a fer+ tenLhs of a per cent higheL' j-n si1,¡er than.{gfnr"

. The hcrirogeneous r¿rì1ge of the /-'phase is ciefi-nj-tely I-ess than tr.io per

ce¡r'Lu This e'st.itrute is b¿.sed on tl're cbse:,:,v-atj-ûïro.uïrCerr thc; rnicroseope,

tlrat the a¡rount of rri.-i:haso j)r:esûnt iir the 3L"gT,{, silver a.1-1.oy is very

small.

The }iill.er incl-'r-ces of the pc',",Jer diffr.acticn lines of the tet¡,a-

gct:ial- f-pha.se attd tiic ce1l dir,iensioi'rs lrere deter.,nj.i.rcC by lle1.lrre y (2Ð" The

lattei"are given ás a = 6"869 + .OQJ l; c = J"604 -F .005 1; 1¡ith fcur

atorn:; per. u.iri'c cell .

l-n Tablo 11, d-velues measured bJ' llcllner (29) end thoso

measu::eC by r''re ar'e ¿lirren, togethei'witir t]:e c¿.lcula|ed cl .-va].ueso usil.:g

the cel'ì edges ¿'.r-uJ l{i-J,.1-e:r indices givc;n by' I{eJ-l-ne:t (29). T}re cal-cul-¿ted

altd r¡iaasu,ted val-ur.:s âT"e in gocd ergr:sernen'i:. No Srrip;.'overiieni j.n the cliine¡-

sic¡rs of tìie cell edge 's rJ'\ïer thoso giveir by Ïìel-lner ccu.Lo'. be a..l,tained rrit,h

the prese¡rt da-Lao
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PlgÈ3-gx

Aì. high terrr;cel':rtures the li.cluiclus r'¡as Íouncì to 1i.e approxÍ-nately

BoC higìreri:han i;Ìrat cletenninecl by l.leibke and Eggers (6f ). .ht lower tenp-

eratwes the agreenent is good"

T'he isol;l'rerrnal phaso tt'ansfoz'¡natic¡:r ¿lt 2B7oC clairired by rrleiblce

f /- \

ø.nd Eggcrs (61-) does not exisi"

T'letast,ability is a persistent phenor.,iel'lor1 in this systern. The

f-pha.se and the irrcliurr-pì:ase âre reta.ined ¡reta.sLably at roort ternperat,ttreo

The bouirdaries of the inte::rnecìlate pha.ses h:¿ve been rede'Ler"¡nined"

The y-phase ha.s a concentrati.on range of 71"0 to f}.j per cen't. silver at

room tentrre::atu.:re" At the corn¡rosition Ag"In the a11o1' of ?3"89'lrÀgÍ-s cJe-/
fi r.i {'ol -t r"¡,i' }¡¡.rr,^-- .,..-,.ogeneou-s as proviously clairned (29)" It corrsj-st s of
f - .\(V r- q,t ) phascs" The cel1 erìge s of the hexagona.Ì y-phase r+e¡e cìe'i;o¡riiiirecl

as a - 2"i6it.+ 0"002- Ío
c = Lp,7'/8 ¿ 0.00/.1 A

The cell ed¡;es of the y-phase deterinined by Goldsclu;ridb ( 24) an':l l]cllncr

(29) ,rur" deteirrined, rnos'L probably for e.l-l.oys r.rhich ,¡rere no'b at equilibriu:n

at l.oom teri¡rer,atur'e" The y-sol-idus extends {:o hig;he:: indlu,n concerrtra.tions

tho.rr gi.von by [çi5ke anrÌ ilggerso êoB. a|c ]25oC 'che 1*solidr-'.s is a'L JT.J

pcl cenl si-l-vei' accoro'-ln¡; to lì1co but a-'t 66"3 per cen'b silvci" accorcJiir¿ to

i^Ieibke a;nd Eggers (61)" The order-"di.sor'der trairsfori-,1¿.'cion cf the ,y-phase

postulatecì by He-1-lner" (29) does not e;';ist, Thð y-pha.se ru:Cergoes ¿Lrrrilota.-

tecbic'r phase-reactj.on et 2050C r.rh:ich r.¡es not lc',or.n^, rr¡er¡iort.sl\¡-

a.t r'oon tcnrperatu,rc

The Ç -phase has a cor:cenì.rati-on i'ange o.íl 61"5 Lo 65"0 pcr celrt
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silrrer at rool¡t tempe.-ra'cure. At these conipositlons the cel1 edges of the

cubie Q -phase 'r¡ere de-'cer.rnined to be 9"BTB _-! 0"OOll f 
"rr¿

o
9.882 + 0.001t .A respectivelyo

The cornposition range of the € -phase is in yeasonabl¡' gocd agreernent as

deter.¡rined by l,,iei-bke ¿.nd Eg;gei. (6f), but obviou.sly the c1aim ( ZÐ tnrt
the Ç *phase is represe'ted by Agrrn is noi correcto The .¡/(y + €, )

bou:rcìar.y i¡as investigated" 0n the sílver*si.cle of € o the V/Q t" ¿ ¡

bounda:"y determinecl bv nte j-s in veasonabLy gocd. agr"eerient v¡ith that es-

t,ablished by Hellnet' (29) " on the i.nclirur sicie of € o this bou¡Ca::y r"ras

not, esiabl-ished prevlousl-¡r" The c.'rtl.e:t.-.clisorcle-¡: tr"¿ri.rsforrnaj-ion of the Ç _

phase clairned by rdeii:ke and Eggels (6,.) does not exist." ?he hc¿at effec.Ls

upoil r,ibich this cl-¡¿j¡r resl-s l.:rc-r1-e shûì.rn to bc clue to the y ".+ €
irans:ior"inat,:ion.

A ner'r pha.se cr is clai-niecl to e:c:j-st a'b approxirn:ic1.y-T3"B pc:: eent

sihrei'belor.r 187oC" ¡,*rich is foi'r;r.¿cì by a pe::itecl;ciid uhase z.e¡.ctju¡ e..L

187-C" It is ¿.n orde:"ed vev.si.r;ir of the û.*so1j-d solution r¿j-t,h the s,lme ce-J1

ed"ge as the la1:ier phase" In the crl*"phase: the si-lver. atonrs Gcc¿p;z lþ6

face*cent:'"e posi-tioils and'uhe :i-r.rcìiuilr a-Lciil,s cccu.p]¡ the ccl,:,no:: pol_r_i.i:i.cns of th<¡

cu-ì:eo ;v'ie1-o1in¿; a p::i-riritii;'e cuÌ¡j-c la.'b-Licc" The cc;l'ì c;d¡.e of -bhe c[t*.r:i.r:rse

r,¡as fou-rrd to be L',.7..11+.jr 0"001t.Î a.t r,:orn'Lr:¡iipcraì-,u:,-.e" Thc ju-sLific¡¿i,io¡ fo:r

this phase is t.he c*eu-:-'irüi1ce of dijlfractioir ljr-,re s iro-L, ar--'l-oi.recl by .Lhe f¿.ce-

centred lat'bj-ce of thc Cr.-phase" Â ci:¡'s{.al .ç1.nicl,ure r,ra,s ¡:os-bu-J.ated fo:: t,he

ctt*pìrase ancl j-ntensi-'l-'ies of cl if.fracticrr -J-ines 'i.rcr-e c¿-.1.c'r-i)-rrteil irhj-ch r.ier:c



1&8

qual-it,a-tír¡ef.y in ag'r"eer'rent r,úth the observecr i.ntensi-ties,

Atternpts uere rnad.e to clefiire the coinposit,ion of the f-phase rirore

closely. The co:nposi.tion of the þ*phe.se lies betr,reen l1 .92 and 33"s9

per cent silver. Tncl.ica'ciotìs åre that i,he f-phase does not hage a eorn-

posit.ion Agrrn at room ternpei"alure but that it is a fe,..r tenLhs of a per

ceii't h:igher in silvei:.

A ne'r+ phase diagrain of the system inclj-rr¿*silver was constr-ucted,

ancl ís given in Figs" !), 1Lv"
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TllE TERNARY SYSTEi',fo Ag-fn*Âl

RBSULTS AND DISCUSSTOI{
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Fíg. 20. Sectíon, Showing Area of MeËastable Phase Forrnation

y +cr+e +{: + nar
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(Not an Equí1ibrlum Diagrarn).
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- iþ-tegi¿þl-..e-*?r¿!-s:.

I h¿ve est¿bi-ished a¿h¡'t, in the bina.l'y systenn /rg."fn,-Lhe y-

pÌ::rsc ¿ri:cl the ir¡dj-u;i ph:rsc ¡.-r"e i"::t'.a,ine'J lit.aL¡:.s'l.ab.ì-¡." ¿¡..i; rc:t):l tcill-r¡;r.¿tr-r.r.e :iir

the cc,neentrati.air rogi-oti of 'Lhe ).6úÖc * p::?itcctie r.*erc'Llorr, even after

pi:,rlongerì hea'Li.ng" In the tei'riar'y systerrn tìre sa.:',-l'e pl.o'!rl.en ôrcitrs. I)ue '[-o

tneta-sl-abj-l-it,3, tìre 1-4.3oC - i-sother.rn j-n'rVertj.c¿¡.-l- Sec'i:j-cir ïrrof Fig. lf (p. 169) j-s

l-onger t.l:an i-l rsc:ulcì 'r¡i) a'¿ eo.uil'-:'rbriu:iro Tir:Ì-s :!-sother,au t^iÌrtn projc,i:ted

o¡r the bas¿.l plali:r, (r"corrr teripcratur,-c seeticir).Jef':'ines &ä ¿ì.i"ee af r¿eta-

st,ability'r,ilrii.ch is toueheC by t,he E:-'r-lrgle-L-'h:ise re8iclirs oÍ the yo € , ø, Ilt

ertcì o pir.:sos a.s silo':'r:r:in ìri.g. 20" !'Ìrr; lican"ing cf this p1-aiie is a.s foLl-ows:

Á.n ai.l-o;,, af er:;, coinlrosiit:i-on rr¡j-Lh-'r-li this erca'"¡lir:ri cir¡cl-c.-ì fi"r:iri the ¡l¡1tcil

s-Lat¿+ to roc:i: t.cl.pcl'i:'i;ii;'e lli-1.-l- nr,::'rr,ei.-i-y coi:s-i-si: c:1'tiis fir,¿ pl:ases ï'ie¡'L:LriìleCg

oï 2. (irlrÌÌrb:'itt¿lt'ic.ril o.i f¿ru:" cf tlit:se" Ti're pìi:ls;ss i-,Ï:a'i, slir:rj-C b* pïs,q!.rìL-i'. ¿l.t

on:r i 'l ì ì^,'.-i :r¡¡ i r,. <eyu.¿¿u¿ru.irr -L!r .;uch en a).1-t>y can bc ob'Ls.'i.ned- fr'û¡r tÌ:e equ1.}1b:"iii-,n:1-.sotliei'irl;r,-!-

sectir:ir :ì-n F_i.9" 2l .

/tl.thûugh li':L¿.stebi.i-:'ity 1,r¿ìs ¿r. p:"cbLern rii.i'.iiin i.l're cii:r:p.:rsi.t:ir,il a::o¡.

outljltecì Í-i': Fig, 200 :i.'Í: r.¡4.* ¡;cssiì:1.r,: tc detjut:e,";"hich pll:is;i; r.J¿¡.s, pt:¿scn-L lirri.L¿*

str,rìrly j,tr ¿.n ¡inl:c¿lleij ¿1.io3t. If fol' r:xa.i'ip.l-e the f'orii" plias.ls c.l {- e ',- fi + f.n

r'"'ere oil'L¡ji-¡i¡lcl et ro':rt:i 'Lcrlpera.t,rii'e ailtei" arìÍiû3:L-i.i:gn cl"ua::Ly c:i:Ì.¡r th::.¡.,e p,iiases

at litrrs'l; co¡,i-J-cl bc eqir.:'r.I.:i.'blii¡:r oh¿ses" Sitree: ( € .l In) c¡.r::rrlt cnc;1i..çL a.s

equi--L:i-bi'iutii ¡:lie-srs at -i:'cior:t te,iuperatu:r.e th¿i: '¿1:e tlii.:.:e equiJ-i';r.i.Lyrì l:ih¿r-;s,s

coril-d b:] ei.ir,lrei (o -i fl -¡ fir) cr (c; ,' fí -1. € ) " fil to a f'jr.*cf ¿.î:t:r'o:rii,i¿.t-.ic,ir

t.hc corii;r.rsi'¿ioi, of 'uìre bi-ira:-;' f.-pìias+ is use,,-j ûijj otiÊ r,,ett.r:>: cf. tj:+ t:i.i-u.r:61-e-,

'Lllei: o,'rc c;Lti c,lr;i,cl'l;ì-Tie 1,'ilsLhel fl:-1:.'::lse r:ouJ.rl ¡:,:ss,i-ll-Ly be c,l;'i-,¡.:ì.r:c;,,'¿ fcr tlle
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gi-Ven olrera.1l cc'xlpL.rsj-'i.iol:Ì, si-rrce the ove::all cornposi'licn v¡ou1d then

have to fal-l- "dthin'-irc triangle Àl-f-In" If the orrer¿il ccrq:ositi.on cloes

rrot fal--L l..r-thin th-'r-s tria.irglou e.rrd if the ar,ioruit of frr-pha-se presen'L in

the ac:tttaL e1Ioy is s¿all relative to the oi;her pha-ceso then one ean safely

a.ssume that 'bh.; rineciìr'1 + onr:'-!'iihr.ir¡-n phases a.re (O + É -1. € ) anC not

(o -r f5 ¡- fii) "
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At rc,on terlperatur=co a-l-l. phas;es are sc]-id (Fig" Z1)" Thr.ee tÌilee*pìiase

å?eâs exi.s'1, viz" (o -+ ñ 1- g)o (o -¡" y 1; 6 ) rr,,j (u -r çl +. ïn)" llo ti,¡o*

phase.aleå (ø +. o) is; shol.;no The'ce phase boi::rdai'j.es h¿ve 'br:en dr¿r.n j-n

s-ecorC¡-nce t,rj.th the rnierostructuye of annsal.ccl al--1-oys observecl u_ndc:: the

n!-erosco¡ie ar¡.J shor.¡¡: in the pìio'corriicrogralrhs of p1¿r.t¿s 2c.to Jo" In acl*

cìj-ti.o¡i t,o tite ternar';r e.l-J-oysu th:'ee bi-nary a3*.-!-oys in'i:he sysLerno Ag-A1o gei,e

exatliirrerd, ma-'r-trl-y to see hor¡ the rriicr:r¡struct,'trre of these alla;'s charrges

¿.f'Ler ilicliu,r js a-olo'eci" Ál.loys /ÉBu i,i6 ancl !¡!¡Z r:.te üre bina.rSr ailolrs shoi,in

iir Pla.'Les 20u 2!o anò.22 raspecti-.v-eiy. Tho f:j-rs'b shor.rs la:.ge grains of

f - phasc ¿nC s'¡;n.e eu'i:ect:'i-c" The seconcl al-1"o¡r platc-: 2]. is ve1,j¡ nea"1.;r of ilie
eut.ect,-'r-c cor'-çositi-ono ancì the -l.anel1a:: typc of euteer¿i-c is seetle A.LJ.t>y li?o

P1¿.te ?2 slto',¡s the nr¡¿<j.l.e--l"il<e f -plliase, ur-ecii;-'itate ¿;t tTrc g:.ai:.r bc¡-o:,cjaries

r+ithj-rr the o-.phase (or Jrl^phe.sc). The ,rspoirg;ril allp,salålrce of the o-ph:lse

is a cltarac'¿e:::istic of this ph.ase in tìte t,ci=n.i:.-y s;rs{;ei;r ¿lsco

Â1J-oy ,il ]-5o P-Late ?,), ls ìrasli-ca1.1-1, thp s¿,me -Lyp.: of a]-l.c¡r as iÉBo

exeoi:t th¡.t nc eutec'Li-c is pleser:-L. It is a binary al-1oy cons:ì-stj,r.1g of
(o r- y) phe.ses"

Alloyi!'26, Pl.at*' 21r,, looks r.'er"y r,1:-cl: I-ihe /,115, bur- a thjr.cl phasc;

caiì be di.sce::n*C" The pcor qualir-ty of tìris ¡;Ìtctop,i.aph rnakes it di,îficul-t to
5-den',.Í-íy- l|16+ phases" Urr¡Jer tlie nici"oscollo tht; tlii:C pirase r,¡as seen r¿r1ch

better' . Th-i-s a\)-oy c+nsis-Ls c¡f 'Lhr-ee phascsn (o -i l" -r € ) ar:d a s:¡laf.l

anni::rt, of net¿s;'l,;¿rb.l.o i'¡:Ci.r:.ir ph:r se.

Ai-]-c,y's';i]^Oe 2?', Jr+, ::nc'l lll-n ha''¡e the same kir:.1 s¡:C iri:rnbcr of pliases;
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only the reletive arnor¡.rts. oí phases val.ys These are shoi"¡n in plates 2Jn

26,27 and 28 respectively. They are a'rl thr-ee-phase all.oys (o -r e -F ø).
The trspong¡rr' Ioolcin3, easily scratehabl.s o-phaseo is present, in al-L four
alloys" The chara.cte:-ist,ic colour of the Ø-pl:rase (dark grey ancl br:or"m

unde¡ the mic:"oscope)T.¡as also easily iderrtifj-ed in all ilrree all-oys. The

6 -phase (bright) is present iil Alloy #1ô, Pl-ate 25,in orrly very srrall

quani,ity" A s¡rall ¿.iitoun.L of metast¿.ble incliu:n phase seems to be present

as '¡,¡e11,

AJ-lcy ¡i,i1+'20 Plet'a 30u consists of € ^phase enbeo'ciecl in f*phase and

a veÍ'y srnall a¡lount of u-phase is sti1l pr.,esent" This al1oy is sLill ,¡ithin

tlre thr.ee*Þhase region (o +. € 4- ø).

AILc,y il=LVBo I'late 2! consists of only ir.ro phases, rrfitr at.ìrJ !r6 ro

lrith a rainute p¡irount of o-phase discer"nibl-ç" Tirìs alloy is consj-dereC to lie
on the bounda.r¡'o as shoun iir the'riì-oorû Ternper"at,ure Sect,ion'r of Fig. 23-.

A11o¡' i|1.7, of comnosition 80"00;í Ag, 10.00;í A1o ro"Ooiá rno'as
also a;inealecl for.' three ;.¡eeks at I)5oC ancl exaiqinecl u¡c1¿r the ¡riclose¡.,,þeo

and found to be hcrrrrogeneous (y) 6 .

The 1*pha,se of ilre binary systemn Ag*rn, and .Lhe 
f *phaso or

the, Ag*41 sys'bcrto ai:e both close-paclted her:a-gonal r+it,h s-jiiril-ar ce1-l- edges:

y(c', r""t.): a = 2"951 l; . = l+"?ZB l,

l: a=,z"B55oA; c=1t."g53ft rc6)

In viei^¡ of thlso these tl.ro fielcls of hoinogerrei'cy:in the respective bina:"y

systems have l¡een joined in -Ulie te:'rrai'y s¡rste,'no Al-loy ii-l-T f aILs l,,ithirr this
honcgenoous fiel-d in the ternar.¡. s)¡sfelnu



The D.orrrene]a.tule

bina.ry systemn Ag-fn, i+1ih

aluniniu:r o,.- sol-id - s olut ion

wo¡kers for' the sane nha sc

a6?

of the terna::y phases is the same as that of the

one s¡'rtboÌ addedo vi-2, 'ro'ro which is used for the

in the ternary systerao It vns used b¡r niost.

j-n the o, Ag^Â1, system"
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'r¡e r l¡.R?C f sothgrrnal Section

The sect,ion shor.rn in !'íg" 22 was constructed from experimental

data of the'rVertical Secti.onsrrin Figs" l7rl8rand 1p, a }<nouledge of the

contiguous binary systems, some infonnation obtaileri in prevlous r¡ork (71),

and application of the phase rule.

The rrVertical Sectionsrr show that the binary peritectic isothern

of A66oC of the systomn Ag-fnu terminates on the i:rvariant plane at l-48oC

(Tables I2rI3rA4), The horizontal lines or isotherms of the 'rVertieal

Seetions Ie IIe IIIil Fige. I|n 18, and lp, represent cuts through the in-

variant plane in the three dimensional system. The invariant p1a:re must be

bounded by straight linesu siree i¡ thr.ee dlnensions it is bou¡ded by ruled

surfaees '
It is lcror.m fronr the loeation and cìireetion of the ternar}¡ troughs

(?f) tn"t a peritectic type of equilibrium 1s lnvolved at the 14BoC invariant

plane. The eomposition of the four phases at 14BoC r,rill determine the four

apices of the invariant p1ane" l,'Ihich four phases are involved in the equilí-

brium and their approximate eompositiono vrere dedueed as follows: In the

binary systemo Ag-fn, Fig. 2u the equilibriun phases of the periteetic reac-

^tion at L66"C are the two solid. phases € and fl and the liquid of )J"J per

cent indium. The sarno three phases rnust be involved in the four-phase

equilibriun at 148oC (the invariant plane) in the ternary systemu since this

binary peritectie terni:¡iates on the i¡rvariant plane. It wilJ- be noted that

in the bína.::y system (41-In) I¡ig. 4 nearly pure aluminiunt (o pha"" as it is

ealled in tho ternary ) is in equilibriun r^rith nea¡ly pure liquid indium



LBl

(less than 1:å Â1) at 166oc" The ccrr',positj-on of the liqu.icl at 1/lBoC in the

terrtaiy systern (equil-ibrium phase a'1, the inv¿r.ian'c. plane) rnras found by chern-

ical analysis of five different a11oys i+ith an overall composition r+ithin

the area of the invarlant plane

ïn
39 "99
4,0 

" 
00

50,00
60.00
20"00

The average coì'npositioi'¡ of the liquid presen-b in -L,hese allo¡rs at 150oc

vas B)ií Tno J|4 Ag, 6:1i, aJ-" The er.ror is pr.obabry + z;i in indiu:n ancl the

saine in alumi¡j-wn (obtained by subtrac't,i'rn)ì and negligible in sil-.¡er" The

alloys i'rer'e fj.rs1 ar¡realecl at IJJoC for thÏee r¿eeks ¿.ild their heated .to 150oC

and kept a.t this tenperatu-i:e for. approxirna.tel_y an hou.r; little dror:l_ets of
liquid al1oy l¡û?e seen to ooze out of the aIloy after it ,.¡as heatecl to this
temperature" The dr'opl.ets of liquid solidified to gloliules of alloy high

in indium after the alloy tras eooled to roor¡r temper:a'LrÌl:.e" Theso globules of
e¿,ch al-lLoy r,ïere colleciecl ancì an:-l-ì-yzed by ,¿itr-ation and polarography as

described u¡der 'rExpsrinen'c,a1 Technio,uesr'. Assuni.ng that the dif_feye¡ce in
cornposition of the liquid a-[ lJOoc and lb8oc is not gr.eato the analysis

garre tl'rc corrrposition of the l:iquid irr equil-ibr.iurri r¡ith 1he gir.ee solid phases

o, € o and f at tþe :l',.¡ari¿Lnt pla.r-re in Ìi'ig" 22. It is jmor.rn fron ,che bi-nary

phase dia¡¡rarnn In*41, (t:.g. 4 u ) that the o phase (or nea¡1y pure

ahmin-i-urn) ce.n be in equilibriu¡n r'¡ii.h a lic¡,rirì of hÍ.gh j.irdirun concen.Lratiorr

rtM
/+o. oo
49.gg
30.00
29"99
20"00

or¿RALL COt.fP"

%at
20.00' 10.00
20.00
10.00
60. oo
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and that no inte¡znediate phases exist at lll8oc, It follows that ln the

ternary system at this tonperature the liquid high in ii:diun (Bgl fn) is

also in equllibriunr r.¡ith the o phase. The four elquilibrirrn phases at 148oC

er€ € o Øo a and Ilquicl of the given eompositlon, Neither silver nor in-

d.lu¡r dissolve in solLd aluminiun at l4BoC to an app::eciable extent, (less

than one porcent) es ean be seen from the appropria.te binary systems

Figs" 6 and 4" Thereforeu in tho ternar¡" systom the o phase í¡-i11 also be

trearly pure alulinlurn and ti^ro cor:ners of the' j-nvariant plane are flxed.

the € -phaso has a composltlon range of tr+o pereent in '¿he binary system

,|lg-1¡" This field of honrogeneity in the bf-narar system ruould be expected

to extend somewhat into the ternary system" In this conneÇtion trvo eon-

dltions must be imposed. Fj.rstlyu the t48oC isotherms of the ItVertieal

Seetions II and III" (Figs. l8u ancl 1p), when transferrecj to the isotherrnal

seetlon should fall wlthi¡r the area of the invariant plane" Secondl-yn to be

thermodynamically soundu the boundaries of the single-phaso region (where they

meet tho {ny¿¡1¿n¡ plane) r^rhen extended, must botl, lie'oríthin or outside

the inrraríanL area but one eannot extend into the invarlant area and the

othor be outside of it (4,5)" For the sake of brevityo thls wi-LI be eallod

the rtprlnciple of extension'to BearÍ-ng these points in mind, f have drer,¡r

the isothe::rna.1 plaire as shor^rn in Fig, 22"

The compoéitj.on of the f,-phase in the ternary system r.ras not

established " Slnee the ff-phase has a eomposl-tion range of less than tr,io

per eent in the binary s)¡stom, it is reasonable to assume that tho fi-phase

field would extend very llttle into the ternary system. In support of this

assumption, two points can be mado: Both the f,-phase a¡rd indir¡n havo tetra-
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gonal sLruetureso solid i:rdir:¡r does not dissolve a}-¡rnlnlum at 148oC,

and the lsothersnai i:lane at 143oc (euteetle) ¿butts the binary Ag-rn,

The lncileations are that the ternary eornposition ef the fl*phase (at

t4,Boc) lies very near the edge of the invarf.ant plane"

TÌre equÌJ-ibritm of the invariant plane ts as follows

L + €. # ø + Ø' This ís the type of reaetlon carled. by Zenaike (20)

Itthe periteetic of tho seeond kindnn S1ightly above 148oCu an isotherrnal

, 
seetlon rn¡oul-d show tr^¡o triangular regions r.rlth pheses L + ( + @ and

L + € * ün Slightly belor"¡ the ternperature of the invariant plane an

ísotherrnal seetion r.¡ouJ-d shor,¡ two trianguLar regions wlth the phases

€ + Ø # o and L + ø + oe respectively, depending on the overall com-

posli:ion of the a1-loyo



f+Frr Ç

€+É

Fig" 2J, l"4JoC Isc,thema.i Section

;h
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fn-e _L43oC Isoth?Inial. Seci;ion

This secti.on is shor¡n in Fig. 23. The inva::i-ant plane has its
apices at the three solid Þhases o, f arrd In" The transforinati-on at this

temperature is of the ternary euleet,j.c type: L 
=:= Ø -t.o * In. The com-

position of the liquid in equ.ilibriu'n r^nth the three solicls r.¡as es-Lunated

(frorn the irrtersection of the t.erna.ry t.roughs ("ft ) to be 95f, rn, U'iä Ag,

rf' Ar" Due to the vory nål'ror.r rånge of homogeneity of the phase rrçlrr ¿¡t

tr'ro phase field (f, -r o) is not shor.rn in thj-s section. The,chree*phase

field ( e + o 1" ø) adjolning the invariarrt plane represents a limiting

case "

Sirrce the location of the phase bourrdaries is not expec-Lerì to change

noticeab-!-y in the ternperature intqrval of 5oC'bhis isother'rnaI section is

the same in other respeóts as the l/+BoC isothelinal section.
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L o /-)Y
L"167 LP"OI+lt

1,1-49
1"I3tp
1"122 4^01v6
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I!rs-l-'.-I!e.-:-a +n cl j.h q*ir.-!-Plip s e*-:¡r-th e--Tç-r¡er:¿-!gg*tg È

The crystal struetule of the phase tt 
¡-Ltt i-.tt thc binary systerno

Ag-41' at the cornpositi-on ASrAl r.¡as investige-ted'by lilestgren ancl Braclley

(63) ana'Ìry others (36,45r6Ðii'¿ rvas fou¡:d to be cuì:ic of the g-riranganese

ofrrne r.,il'h g aaìf sclgs of 6"916 A (6Ð" On the left*hand side of Table".t i," 9 vr vo /-Lv îL \vJ) o vl¡ vrrv

15 tne x-rây diffraction clata of Obinata and tÏagiya (45) 
^r" reproduced

for the a.}l-oy AgrA1, (lt). oii the right ha.nd side tr,io sets of cl*r,al-ues

aro calculated and compa.red uith those of obi.nata arrc Hagiya (,0Ð. one

sot of d-values and the coruespond5:ig (hk1-) inrl.ices are;for the cubie
o

plr:nitive r+ith cell edge a * 1,,"051 A and the other s+t of d-v¿.lues a¡cì

their coì'respond:irrg (hl":.l) j.ndices a.'rÐfor the hexagonal. þphase of t,he

systen Ag*A1o r.¡1.th. cell ecìges e = 2"865î., e = Lt..(53 i teel" I-L slioul.cl bs

no'LecJ that the aìrove ce1-l eclges apr:ly fcl 2O0oC and the egir,.ocrnilnt, bst,',;een

the oalculated d-values for the hexagonal pha.se and the obser"vecl d-r.alues

of Obinate ancJ llagiya is there,îorc not as good as i.t could be if t,he cel.l.

edges that, fit best the experiuen'ue.\ r)a.t,a ha.cì been usccl to cal-cu1.:',1;¿ the

cl-.values" Und.e:: rra Calco't in T¿bl e lJ 5,a. cubj-e coll ecìgelias been calcul-ated

for all lines indexecl as cubieo i-n order -bo shcr,i that a reasoÌ'râbly eonsta.nt

cu'o-'r-c ce11 eclge value is i¡rcleed obLaj-ired fror,r such lirres

I'b is tuell ktio-,n.n that, sol-icì st¿te t:r"a.trsforrns.tions are s-l.ow ancj

usnally incornplete" The phase in quest,ion (¡t) is fcr"itred by a peri¿ectolcl

solid state ¡.eactj-on at /+43oC (3Ð. It is irr sucrh cese s possible to have

trro phases prescnt trhei"o one pìrase should bo pr.c:ient at erluilib:'j-uirr" In

tlris case, the diffracl-ion clatp. of T¿.bl-e 15 are for th,¿ coinposi-tioir Äg"41)
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(7.9a:5 t*) , and since ì:he fleid of 'Lhe 
¡LI -pha:;e is much narro'i.reï near 't,he

transf.'ôr.ma-Lion tenipei'a'cure thei:r ¿.t, loi¡er t.erlpei:a-i.ures" thi.s a11.o¡r ectrsists
t-

of !ra.ì.:i'L'Lle ¿.bove 'the tr-aiisforlra-tion tel,rpei=a'Lur"o, but a.'L rocni tetnl:o::a-brlre

this ell.oy shoulcl b" ll-.-ph¿r-see as can be seen froin the binary phase

diagyar,r of Fi-g..6" If the transíor'r,rat.ion to the equÍ.lib:'irirt phase r'y'l"

at rooin teriiporatrr-re is not eolqrleteo tÌ-ren the aIloy rerrtaj-ns hete::ogeneousr

^ ' ¡t ¡- n ) phascs. (The ¡3-phase is iro't, r"et¿iineci at rooncortslsL:Lng ol \/ Þ

tenper-ir'L-.ur"e.) Based on thÍs reasoning the di-ffr"act,ion d¿.ta of Obinata

ancl lîzrgiy a. (ll'5) r.iereinc].exed as if the a1.1-oy Ag"A1- r.r¿rs Ìrete;i'ogeneouso)
i'/hen this -i-s done '¿he lines of the cùlc fL *phase ci,,;i be il'iclexr.:d oir a

slnaller cell edg,e tlran prev-iorr,sly viø, lt."05l- 1" TÌr-'Ls ce-l-l- eclg;e is rrer;r

ne¿.:: that fo::, -Lire sil-ver e*sol.icl solr.ri-ic,n a'L the p'rirse boundr-i'y' vi.z'

4.053'7 (at, 20OoC) as gi.ven by /,¡iee'.'r ¿.iril Shc,,¡,i;si (Lv3) " Usirig this cellì.

edge aud thos;.e for the hexagonal phaseo d.--r'alues ârÐ calcula.ted end a,':e

giveir in col-inns cl'i'-':' ¿¡d ¡l>!'i:>i< respect:'ì-rre1-¡'" A colrÐa.r'isoir r,¡it,h t-.Ìre d.--r'alues

i-n col-i¡nn cl':'r.rlii-ch are the va"lues of Obinata ¿nd Hag;iya (ll5) ('tlioy r+e::'e

calcu-l-atecl froril ,irr2e) shc¡,¡s that t,he observecl cl*val-ue,s c¡;-n ¿.-Ll be reproCircccì

(e>:ceÌ)t for ti.ro r^reak lìnes) r'easonab-l-y irell by assrmting tha'b the a.l-loy con-

s-'r-sts of 'Lhe hexagone.--l- phasc f and a cub-ì.c prir-rnitivo phase hr:.viirg a cc1l
'o
edge of l+"051 /r. I't, j.s not ncy'cl-J¡ coinc:ïclcncee f 'Lhi.nlc, tha'¿ the a¡¡recr,tetit

j.,s 'sc¡ goocl" The suggection p-.,"e sen't s itself thal; a s:i-tu¡rtj-ot: ev.ists in the

sysiein,lrg-Àl- sinilar-bo th¿;.i;:ì-ir the sys'Le;it Lg*T.nu n:ilrte3-y,. Lha p- phase i.s

r.elaLed tc-' thc telil:'i:i¡.1- û,*phalse in'i,he sai;1c:.ìay that the ctr.'phas:-; :l-s le-

l¿¿tecl to the 'Lerrlirial cr,*pliaso in the sys'Leirt Ag*In"
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In this easee the homogeneous fiel.ds of the p -.phase arid the 
r

ct-phase in the respeetive bì.na-i"y systens r^rould in ell probabill.ty be

joined in 'che ternary sJ¡s-Le¡ri as shot'rn in the 'rlsother";rral .Seeti,ons'r. If

the tl^ro phases have indeed tho same eryst,a.l structureo they rroulcl have
o

very sr-rni-1ar ce-Ll. ecìgeso viz. a = /p.111r. I for cr' and a = 4"0J1- !, for þ i

it 'r.roul-cl be expectecl that A1 and l-n atoms are iyrterche.ngeable in the tr.ro

struótu.res and thj-s l¡ould result in a homogeneous field in the ternary

systerrro To prove th5-s point conelusivel], further. r,rork is reqrr-i-:"cd"
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oJÀ..9--¿,æ9-qt-q.-" j-ffi
The tr.ro peritectic reaction-isother-r,rs of TBOoC and 6i95oc in

the, Ag-41 , aird- rlg-fno s)¡st.elns yesìreetively fot'rn a c6nnecting reaction

plane thr.ough the ternary systen. Thi-s is evid-ent froin "Vertical Sectiou

Itr Fig. 1/"- Si:nilarì-¡r, the 61OoC pei:itectoid iso'¿henn of the binary Àg-AIu

r n¡Onand the til]'C perltectoid isctherin of the A6-ïn binaryu forin a conrrecting

reacti.o:r plaire thr"elugh the te¡nary; and Llne ?27oC j-sot,ìrenn of ihr: b:inary

Ag-Â1 and the 66OoC j-sothernr of the bina::y Âg-In are sr¡ri-1-ar:ly corlnecteC è

T'h-'is is ag:.in er¡iCcnt frorn Fig. 1/. Thus the high ter,rper:ature S-phase

(body-cent'r'ed cu-':cic) r+hich exists in the Þ-liri;,-r:'y systerns Ag-fn arrr' /rg-41

respeetivei-¡z forrns ír cont^¿ecting hoiricgeicoLls .¡<¡h¡rte 't hr"ough the 'Ler"trary

sy.sterii" Thi.s is not surp-i":isii'lg, since the B*pÌrascs of tbe tr..ro bi-nary

sys'cens harre the sâr:re cï'y,'jtal slructui'e and'Lhe ceL.l edg;es arû coiìlparable"

o

= J)6BZ L (6?) toy I (¡.g...fn) :ì.oe. AgrIn
o

=: l"lO02 A (7.2.) for P (Äg-.Âi) i.e" 1,BrÂ)-.

Thi s ¡ieans th¿t '¿he -l-ir aird AI a'{,r¡¡,'rs are inter"chaneca.}:1s on the 14.'r'L'ir-ce

sites of tlre bod.yi:cnt,r'ecì cubic stru,c'cure.

Tire 'Ll:::ce*phase ec,riil-i-h:rirr¡r of the bj-:re.¡'y Ag*/r3- at 5560C (euf'c.ci.i.c)

ter"rainat,es in t-,he te:..n:r:r¡. on a.ïl in,.,arie.nt Ðlane a'c JO6L'C, ("Vcrtical

Soet:ioirl!-IIt,' Ìrl.go :l-8.)' Fr"ort tr\Iei:tical- Sec'¿iorr fJ-Irr Fig" L.9o it apìlears

thc,'t. an j-nva.rlan'L p-ì.ane al-,ço e;:i-st,s a'i- ?-.Lfi-oC. The bin¿.ry tlrrce*pìra.se

a¡,rri'l iJ-r,irrrr in .i.L-. .....-r. ^.,. 4., -r* 1r.r. 20îf e -n.:^rr'lrnh'ì-trr, ;>J r L\:.!ir J!ü.rr. rr dþ .,v -) v..1,r urJ¿!',r-y 'ùeTininatg's ojl this in-

va::i¡ rrt pl-r.no o

at 648oc

at 70OoC
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Surnmarv

A nurnber of alloys strategically plaeed 1n eompos5-tton ln the

ternary system Ìüere exårtrined under the microseope" From these obser"vationso

the l'mo'nnt contlguous binary systemsn and appllcation of the phase ruleu

a room tem¡rerature lsothe¡snal soet,ion was eonstrueted" Three vertieal

soctions through the ternery system were partlal.ly eonstrueted from dif-

ferentlaL thermal anal.ysls data" These data show that i¡rvariant planes

occur in the system at I4JoCo at 148oc o zt+Loc and 506oCn Isothermal

seetions roers also eonstrueted et 143oc and L48oc respeetlvelyu with the

informatl.on obtaitred from the vertieel sections and the room tomporature

isothsrmal soetlon" The transforrnation at the 1-43oC invarient plane 1s a

tornary euteetic, at l4BoC a ternary pertteet,ie of the seeond lård, and

the other transformations at 241oC anA 506oC are also ternary peritectlcs.

Sone evidonce indicates that the É -phase of the binary systern,

Ag-41, ls a pr5rnitive eubie phase wlth a rnuch smaller eell edge (4,051 8)

than prevlously fornd" No eonelusive evidenee eould be obtalnedo

The high-temperature reaetion lsothemts of the blnary systems

.A.g-In and Ag-41, do not te:rninate on lnvaria¡rt planesu but form a

eonnecti¡rg three-phase system"

The hlgh-temperature S-phase of the binaries, Ag-AIu and Ag-In.,

fo¡:m a eonneet-i¡rg single-phase region in the ternary systomu The eonelu-

slon 1s reached that dL and. In atoms are lnterchangeable 1n the p-phases of



the tr+o bÍnary systetnso Sorne evidence indica'ces that

Ag-/'1 systern and the y*phase of the Ag-fn systen al-so

ternar.y system for.rning a si-rrgle-phase region"

l|93

F.the t -phase of the

Iinì< u.p through the
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