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lIT'RODtICT'tCN

The stuóy of the system ilon-tin at t'lLe Unirrersiiy òí
iüanítoba $ras bègun in the f al-l of LgA6 h,y John l:î. r,îooo,, at the
reglrest of !r. C. H. ltlright, researctr d.lrector of. ti1e Consol--

idaiedr',Nining and. srnelting c orcp any of c ar,a,ð,a, v¡Ìro was interesied.
in the solubility of iron in liquid i;in in connection vrritb the
tin sToe]-ting operatíons of the colæ arly at 1{imberle}, B. C. \Tood

made a thorough ËurveJ¡ of the literature on the system, and.

determined. the solubil-it¡r curve for iron l-n tin from 2b2o to
onnO r" 1r Iv. Tr,/ .

This curve, ilorreyer, slas knotrtrn to e ontinue to tenperetures
Ë omewh-at above 11OO$ whi].e at sti hig}rer temperatures (anð

higher iron content) tber e was a region where conditions had not
yet been cletermined.. The Brese¡lce of a miscibil-r.ty gap r,\ras

suspecteô but neitlrer proved nor disproved.

Thus it was coÊÊidered hrghþ desírable to continue

v/ork ozr the systeur, with a viev/ to conrpl-eting the 11quid.us curve,
and settling the question of the rn'iscibil.lty gap. The !.rork aay

thus be considered" a coittinuation of tlrat ìcegun by liood.
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PR]¡VÏOUS Ildi\¡J4SI]IGÀTIOlfS

. it considerabLe arsount of experiraentál woyk has been

d-one on thl.s system. À::evielr of th.is lyolk rqas mad_e by r,i{ood.

-¡-'or th.is reaÊon, onJ-y those data, ::ef,esring to the parts of the
d.ie.gr am investigateo in the prèsent Broblen (i.e, the cornposítioir

of liquids on ti.e tin-rich side of the diagram) vri1J- be reviewed.

here.

The first constitutional diagram for the iron-tin
systeru was that published. by Isaac and TamÍlann {2) in 190? {see

Figure 1) . It '!ras d,etermined by microscop j.o a.nd nagnetor¡etric
study. Tlreir oiagram shor¡ed a miscibility gap at l.tAOoC. and

stretching froe 5.0 to ïVl" tin, and a steep liquid.us cLtïve f'ron
89 to ].007ã tj-n. Tlrey made no attelçt to trace the i0isctbj.tj.t)¡
gap, but stated thaà 5't exists because they observed the presence

of t¡¡o ].ayerÊ in coo]-ed ÊainI)l-eB. Tiae only figures they give for
the liquidus cul:ve are:

i'¿ Ir on

10

7.5

5

Ternperature oC.

LLã4'

r 1050

968

Tþese Boints ca,nnot be considered.to be rery accurate, sinee

thermal a,nal-ysis is not very sensitive in d-etermini.ng a steep

curve .

!îever and. lteiyrecken {ã) al-so investigated. the systeú
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by thermal arralysis arrd. microscoBie exa¡oination of rapidly
cooled saq)].es. Tbey gave on]-y two r-a]-ues on the ]-íquidus curve:

7b ar on

2.45

Temperature oC.

10?6

989

It iË notew ortq- thzt the latter terûperatu.xe o*1." by lûore than

1500 f'rom that of' Tsaac a.nd- Tanmann, tor nearly the same

perceatage of iro&. l¡lrever and Reinecken concluded from their
e)q) eriments that limited. miscibil.ity in the l-iquid state does

aot exist. The resuLts of their firËt set of thermal_ aflalyses

sho'r,Í a gr adual fa]-l- from 11320 to !LZZoC. Ðf the teæperature of
beginnlng of orystal1 j,zai-ion, from bb to s7ft tiÊ, birt. this
might easlly be due to e:cp erirnental error, sinee a hal.t point
as 1ow as 11230 w:as observe d aL 4L.77"/, tin, coïûp ared to l-].õ0oC.

at'. 3A.L1dl ti-r.. Soth of these point,s, ttreoretical-ly ¡ are on the

same h.orizonta]. Line. Thus ít appears thâ.t these results, in
colamon with those of Isaac and T arnmarrn, are Êubject to error
because of supercooling.

ìiy'ever a,nd. ReÍnecken report a second group of tlrermal

_a¡¡alyses in which satrpl-es were we,.Jl stirred just before the

cool-ing curve was taken. These gaye teeperatures of 11320 at

bO'/" airL, Ia34o at öOib, :-::-:34o at 7Oþ, and. ]jl36oC. at" AOIò, Ti1ese

figures certainl-y show no drop at higher concentrations of tin.
I[oreover, ]-¡íeYe]¡ and- Reinecken show photographs of the tt'ro layers

whieh, they say, form by settl.ing out of' the so1Íd. ( Trre:¡

asÊwled tire existence of a corq>ound FerSnr which was stable

between 8900 and l-156% bu-t J-ater x-Tay vrork (4) has shown that
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ttll-s compound d-oes rrot exist, encl it is not includ.ed in present
day diagrarns. ) Thel,' rema^rk on the sÏ¿a¡¡lness of ihe line of
s ep aÍ at j.on .

The denial of tlie exigtence of two lio.uid l-að¡ers vras

really based on rapid quenciÌing e)æeriments. For insts,Ílce, one

then rrsl-owlyrr cool-ed- to ll_öOt, kept at ttrat temperature f or lb
¡rinutes, and- then guenehed. i¡r ¡rater. The 1or¡¡er palrt of the saimple

lras richer in iron than tlie toB, but 11o Cristinst 1ayers were

observed-. This ¡¡ould suggeÊt tirat the ra¿tid coo].ing prevented.

.the so1iC, from settling out, but it may be tha,t fifteen Í¿1nutes

was xlot long enougle f'or the 'r,!r'o layers to separate .out.

Ruer and. l."us chmann (5) challenged this point of vieva..

They showed a photomicrograph of the bound-êfl¡ betvreen the two

layers, a,nd. stateci that such a c].eas-cut b ound.ary colll(I neyer be

canrsed by lio-uation. Their picture shovred dropfets of the bottoü

layer suspended in the top ].ayer, tlie presence of which, they
said r vas certain proof" of the existence of 1,vr¡o liquid J.a¡rers.

I dwe"Tcls and Preece (6) were ttre next to ínvestj.gate

the system. ly thermal analysis 'they obtained a Lrorizontal J.ine

at 1110t Their points, irowever, yaried lrom 109þ0 to l-l-20%

and the method ¡yas such that the sanples may he'ri'e been contam-

inated r,,ith cerbon

An experiment was carried- out to try to show v¡Srether

tno layers vere actua].].y present in the ].iqìlid. state. À sa¡lBfe

containing 59.5"þ tin, and covered with grãphite, \¡ras h.eated in a
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l-ont, narrorÍ crucibl-e at l-:iz0oC. f or o&e and. a ir.:a,!f hours, then at
l-22}q. f or two hours. ,{ li",tle of t}re top portion rdas tjlen poured

off into we-LeÍ, and the rest of tl e sam¡te itoureo i.n a long strip
orrio a sheet of iron. îhe ].ast portíon ío come out of the

crucib]-e was considered representative ot the bottom layer, if
øny . Analysis sitor,ved TA7L t in at the to¡: ano 56/o at tlre botto:n.

-bdwards aird Preece consioereo tr,is to be conel-usive e-rid.ence 1.or

the existence ol a miscibility gap, -Out rhey dici not purÊt-le rlìe
question further .

Further work h.as been concerned mainly with the

structure and cdrrpositÍon of sol-id t'oras, and need not be

considered- nere. However, ti:e d-at a, obtaineo_ in the most recent
y,Jork, that of trTood, are given j.n t,he section und.er e4rer j"x4ental_

resu].ts.
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CONSIIjJP'ATION OS T¡T PROSIJT,I

.tt"s seen froin the previous sectlon, the probl-em has tj¡vo

pa,rts - the cieter¡rination of tbe liquidus cu"ïve f,ron} 9O0o r.rp,

and investigatÌon oí the úiscibi].ity. gap. ?hese parts are
s oLle1Ti1at siürilar: in tilat they both involve t,i.re composition of
l-iquid solu.tions. in viev¿ of' the f er¡¡ scattered ïesu]-ts of the
previous investigators, thernla]- ana]-ysis cou].d. not be eqrected
to be satisfactor¡' Io¡ tl:e ].iqu_idus cu.rve, whiie tiie;r d_id. not ob_

tei:n auy noti-ceabre heat er'r- ects indicating separetÍon into tvro

rc¡{y IrJ. Þ .

In vievr of thiÊ, \r'ood" ad.op ted. an isothermal methoå..

He Ì:.eated. Íron wire in contact wi.t,. tin until equillbriu.^ was

establlshed, anci tlren quenci:.ed tjte sexrl])]-e in cold $/eter. ¡in
analysis near the top of the samp le ga.r¡e the composition of. tite
Ir- ou].d .

Á v¡ord raigh_'r. be said about quenching. Ilfren a liquíd
solution is cool-ed v!¡e do not obtain ín general a solid. solution
oi' the same compÕsition. For instance, in cooling a solution
containlng from 60 to 9"ri6 tin, the firsi sor-id. to sepaxate f r oai.

the solu.tiorr is a soiid Éo1ü-tlon, contaj_ning fron lb.to ?87; tin.
Other sol-id phases will- iorn as tiie tempereture f a11s; tlze 1ast
lqill. be practieally pure tin, fornring aL 2320(.. The æore ra;oiri
the coolíng, the siealler wl.Ll_ be the crystals of. sol_id. that
crJsta]-lize out. If the cooling is rapid enolrgh, tne cr¿,staIs
formed first wil]. not }:.ave had time to settle out appreciably
lref ore the whole nass is solj_d. It may be al_so that the soflds
first formed (so]-fri so]-u-tion) which are not thermodynallical]y
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stabl-e at roon:. tenperatu-re, mat' be found because trre ra.Jlci cool-Ìng

does not a1'1 olir a tru.rsf orro"iion into the stabLe so].id. f o¡rirs to
occul .

Tl:us e although the structurê of the quenched s¿japJ-e

in no \¡ray resenrbles ths,t of tire lÍquÍd. solution, the colrposition,
lï"flen determiúerl hy .analysis of a portion taken ìy a drill large enough to

give a representative sanple, is thê sã.me.
This method coulci al-so be used to sjrow the boundary of a

miscíbiiíty ga-þ, since, if 'cce solj.d"s do not separate out, there
wil]- be an abrupt ciea,nge of conposition a-b ttte interface betv¡een

the laJ¡ers . Needl-ess to say, one mu-st be srrre of heating long

enough before qllenching, and of qu-enching rapidly enough, to
obtain the require(t reslllt.

Anotheï method. of olctaining the com.oosition of a liquid
soLution is to cir aw off a p ortion r{!1il-e t}re serrrple is maintained.

at tjle requlred temperatu.re. This has a,ir advantage in that it
ayoj-ds any doubt as to the rapicirty of cooting.

The netlrod of -A"J.exe j eÏf (?) is suita.ble f or eÍr

i-nvestigation of a sJ/Ëtem having two liquid layers. Here a series

of sa. rples of varying composiilon wouJ-d be heated to the Êe;rre

temperature, and tiren quenched, Some r¡'ou_lci shor,' tvro layers, while
others v¡oul-d not. 'fhus tire boundar;; of the region of two sol-utions

would. be <jetermined. Thrs is sin4r]-e but requires ti;e use of nany

sanp]-es to o'btain onl-y a f eç poínts.

In vie¡v of the conf-licting reports of fsaae and Taîmann

and- lldrMa^r ds and Preece on the one h.and., anct of S/ever ai?d

Reinecken on the other, tbe fiïst thing co ascertain vras, vrhether
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two layêrs rrere Ðresent, at atvr points in the tercperature '-

compcsition area. It rni ght be found whether the tvo Latríevs

observed in chil-l.ed salapl-es rn¡ere oue to sepaJation- of so1.iC", by

quenching a sam3rle from a moderate tuenperatur:e (say 1200$ to

obtain tï,ro leJ.'ers, and theo querlclring one of simiJ.af coraposition

f r o'rn a nigl;.et tela-Ðerature , efter stirring it up. Assur¿ing t.i.rat

the retes of cooling are trre same, tr'en if two layers are not

f oun<1 in the second såaple, the íd-eå, of .,J{ever ancr xeinecken

lrouJ-d apleeJ to be :nistaken, ÌÍhí1e th.e treÊence of two layers in
botir sanrpl-es v/ould su*Òi) ort their vie"w.

The method of taking portions from the bot sample should

be usefuJ- here a1so. PortÍons taken fro¡n tiìe top and bottom of

tire liquid v¡ould not only ind-icate vùlaether there v:as a dlfíe¡ence

in corîposition, but al.so give the co-n-oosition of eaelt Laget. This

shoul-d be a def inite anÊ¡ffe:r to lliever afid Reineckenr s theory, since

1t al-fo¡vs no opportunity for the settling out of so].ids, þut 1t

lras certain Bracticã.1 dLff iculties whicle r¡/i].l be d-iscussed ].ater.
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l¡Jip¡Eì,I.iir]iíT_,\f,

IitifftûÐutTroN:

. il?re el+)erÍinental uetrLoos foll-o-wed- along the lines
suggested in tne plrevl-ou-s section. The ¡¡lethoci of t a:.i-rrg portions
lrom the hot sa:np 1es ¡¡as u.sed. Ëì¿ccessfu-f]-J¡ for the liquj.d_u_Ë cllïlre.
fi proved unsucceÊsfl1l- i-r¿ investiga,cing the mrscibility gapr so

t:naf, tlte method. of itr exejeff had. to be used there.

PURITT OF l¡iAEP.Ilt.S UffiÐ:

Ttle tin useci in a] i- the work was obta,ined f r or.r the
Vul-c an ,lefinning 1,Io::ks in Segraj:" en, }i. J. Thjs lÃfas termed

Coinmercia]-4 ti.n, batch ;lt?3, e.nd an Ðrialysis suppJ-ieci v{ith it
ïias as fo]-louÊ:

Fe "ooz)i¿
pb trace

sb .0o23îi;

Cu trace

Sn {by c,ifi erence ) pg.ggbÏî¿

iror the detenninatÍon of the J-iquicir.Ls cuïve, l-erck
iron lviïe {at least 99.8i,) arrd Uencc vrire (at least 99.?;Z) v;ere

used. The Lerck v¡ire y.i as verJ. f ine , vhile the u e¡:co rrir e v;as

lieavier ancl came in tl¡ree- j-nch ]-engths. ?or the investigation
o.f the lriscibil-ity gaæ, ïyeLÌco research iron, obtained tbgough
the Ca,nad.ian ríestin.ghouse ü om$ a,ny, was used.. lio ì:atch anaþ-sis
r,Jes avaj.lable, but the purity of ihe iron v¡as gueranteed to be

at least 99.957;. This iron c arne in rod.s Lb cm. ]-ong a.¡ro b i-r¡rr.

d-iarneter.



APP},3ATüS:

The method- of nreasuring a,i.ld controfJ-ing tite t,eÍûp ereture
,vras the same as tirat used by liood in hís v{ork on this systen.
terrçeratures rÍere rreasured vrrth a platinuJû - p 1e,tinl1-c1-10f -rhod.ium
tnermocoupl-e. This vrras protecteCi r roú injury by a silli.manf ie
tube " Tl'e cold junction rras a large beaker of .¡¡ater kept at a

teraperature of 31.?t, anè, t,ne vol-tege of the thermocoupJ.e we,s

measured" wlth a f,eed-s and. Northrup T¡rp e IÇ-1 potentioraet er., enð. a

f,eed-s a.nd. llor i}:ru.p L"Jæ e p i¡¡alf galva,nometer of sensitivity 0.O0lb
rûicro-air¡)ere per mil-J-imeter. This gave aÍÌ uncertainty i.n e.rn.f..

reedings or iess thair 5 micro.yolts, corïespond.ing to about 0.5o,

The therroocoupl-e nras calibrated. using ti:e Í'o].lor,ring

p oiilt s :

231. 90c.

ô2',1,.4

¿.1 A A

659.9

800 .4

960 .5

Sn

pb

¿r lI

Aa {ee.ebît)

}IâC 1

Ag

!'re ez ing Po int
{it

lltt

rl r¡

Melting Point

Freezíng Point

The va:riation of ti:e e.m.f . of' a stand_ard pt - pt-l-0ø-Rh
w¡{h fcr'¡ Êêlq.+úye

thermocoup J.e" was pLotted. on a large scale u-sing the data given in
rr?emperature - Its }.feasurenent and Contro]_ ln $cience a,nd

Indus-r,r¡rr' (8J . the cal-ibration point e.n.f .rs ìrere plotted. on

tne sar]1e gtuplt, to a].l"orç tbe snape of the sta¡rdard eurve to be

used as a guide in dravring the calibration curve.

The calibratíon did. not cl.ange -noticeably with tiae.



It rqas not necessary to carirorate e a,"rr t 
'ûe 

Llslng u.i]. *nlanoant",
because if one point renained- eonst¿,nt all the o.,,hers r/ouicl a-Lso.

l'tro suitabl e subsia'nee vas avair-a,br-e f or cetibratíng at a higiL
temperature, bu-t sirlce the cuÍt/e vaJled_ ver]¡ fittfe from tiie
sie.ndard - about one d_egree at the l-ol,¡est cal-ibration point anci

tvro degrees at the highe5t - ti:e extrapoia,tion ¡¿ç ¡qt rihgq,kr.ssuf{

1n an appreciable error r

The ethod of' teû1p erature control, in brief, consistecl-

in .opposing ti.le ti:er ocouple .,ro1ta6e by a voltage equal to- tnat
r,hich ihe thermocor'pre shour-d- generate wieen trie hot junetion vras

at the desireo teiuperature, an.C, using ti:e off _tala,'ce cuïren.i
vl.en the hot junetion was not at the desired iemperature to
deílect a .galvanoraeter . A bea]?] of lÍght shining oR the rrlirïor
of the galvanoraeter vrras thus s.ef leeted onto one or oti;er of tv¡o

photo-e1ectrlc.cells, wir:.ch then acted through ari el.éctronic
circuít to ,increase or d.ecrease the current in the heat,ing co11

of the furna,ce. ¡.or a cornplete description, Vúoodr s thesis s,LLouf.d

be consulted, ancl a].so Ïris pub]-j.shed paper (9). By this means it
was possible to maintain teraperãtures consta,nt to within 3o.

Tl1e furnace ïias d_eÊigned to f uLf i1 two eono.itions:

(1) lkre furnace itsel-f sirould_ be ab].e to maíntain
tenperature oï at l-ea,st lZOOoG.

(2) The sariq)J-e being heated shoul.d- be protected froê
oxid at i on .

'{úoodrs furnace did. not fulf il theÊe conditions. It had

a chromel. lleating coil, covered, with furnace eellent, ano. the
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sãmp1e vras proteeted from oxid¿ìtion by being sealed. in vacuo
in a pyrex test tlrbe. nle f uïnð,ce coul-d not marnta,in a, tenper_
ature of even 1000to whÍIe pyrex appeared to become too fluid_
a,bove 9O0t to f o::ä: a satisfactory protective covering. Tj:.e use

of sil-ica tu-bes was suggested, bui a;oart f rom tire eryense, t.lrey

vrere not used 'oecause ÍrLth sarnpJ-es c oÍ1p J.etel_y encl-osed ín tnls
tlra,nner, poriions for anal_ysis couId. not be taJ<en.in Ëitu, Lî¡d, it
v¡ouId. be necessaJry to rely entirel-y on rcsults t.roi:i qu_encl:ing,

vrhich was not eonsiclered to be desifabl-e.

I'or tjrese rea€Jons it beca¡:ae necessary to construct a
vacu-um f urn.,ce t or one in vrí.ict., tzre air .couId be replacec" by arr

inerir or redueing atmospJrere. An inner ¡¡ound furnace with
tungsten vøire as heating element lvas constructed, af.ter the
d.esign oi i'ehse (10). Such a f.uïnece requires a reducing atmos-
phere insíde, to prevent oxidation of the tLrngsten vrire. Thls
v¡oul-d- se¡ve . ec,ua11y wel-r to prevent oxidation of tire sam;r:].e.

l,,?ri]-e ¡hrs 1uïnace rias not Êuccessî.u]. l-n operation, it couId. have

beer¿ íinproved so as to urake it work. TlLeref ore a d.escïÍptl-on of
the method of construction is gÍrren.

Tne metl.od ,¡,as, essenti,ally, to r,¡ind. the tungsten tïiïe
on an aluminun nrold., pack moistened ell-Lrininum oxide ar ound it,
and then r e1lr.ove the mold. The alr¡minum mold v"¡as of cJ¡lindrieal
shape and- sl1ght1y tapered to make r.t easier to ïe¡loye from tl'e
'rcasttr of alumi num oxide. It rryas approximaiely erght, inches fong
and Iour incnes ln d.ie¡reter. A double t]:read, to take two heating
v{ires irr paral.J"eJ-, $¡as eut on tixe cylind.er, with a pitch of 0.4
inch. l'b,e wi"res lrere !Íouno on at a red. heat, to pr.event cracking
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of tlìe wire. A l-ong brass rod- s¡as afso íhreaded,, witi:r tiie s ¿u¿e

pi.tch as t3ìe aluúinu1ïl mo1d, anci- f astened to the core, as sÌlown

in Figure 2. ,¡. nut was macre to f it tire rorÍ. This nu.t wâs

sofdereû into a pipe f].ange, wnicir in tuin rJaÊ fastened To a boatrd.

Tire 'whoJ.è arrangement tÍas supported by a .r,1'oo deïÌ fralrework, as

shol"In in F igure 3 .

The outer casing of the furnace r¡a,s a sheet r¡retal- d,rr:m

15 inches ín d.iameter and 16 inches high. 1!re bo-i,tom of tjzis lras

fiJ'l.ed with se.nd, and on this was pl.aeed a porcel-ain pipe of I
inc.hes internal diameter. Th.e space between ti're pipe and -¡,he

side of the dru¡r wa.s fi]-led with asbestos insula,tion. ILre a]-uu:inuu

moLd with the windiag attacheô was suspended rúithin tne pipe, and.

.the space betweesÌ packed $/ith moistened a]-u.loínum oxide. The mo].d

ç{ê,s then r€Ëoved by screvring upr¡a"xd.s , 1-eaving the winding belrind.

A Jid was. thes ma¡ie for the furnace, by fill-ing a sheet

metal ïorm with aluminu¡r oxide and p]-aeing a, sheet of aÊ.bestos

board over the oxide to keep it fro¡o fal-l.íng out. at first. f.t wa,s

eqpected ihat the a]umÍ ni.m oxid.e would. harden a.f,ter heating.

Ho]-es ¡¡ere uade j.n the 1ió. for the therïlocouple, for tu-bes for
relnoving portlons f or a.iralysiÊ, and f or a. tube to -bring in a

mixture of nitrogen a,nd hydrÐgen, which a,cted as the redueing

atmospb.ere. filis mixture of gases Slassed. thr ough tlxe furnace and

l.eft by ¡wo small- tubes at the bottom.

The reducing atmosphere v\ras ob-r,a,ined by decomposing

affmonia in a ¡rcracker[ designed after that of T-,arson {!-1). À

diagram is given in I'ígure 4. The eracker wa.s actualþ surroundeci

by several inctres of rock ï/oo1 insulation, 'which is not sho¡s.a in
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iÊ the f igure. rt¡e anmonía, obtaiired in the ant¿J¡cìrous f orm f¡om
Canadian fnd'stries Linrited \gg.geþ pure) entered. tlrr ough the
LrLlet at rrarr, and. then passed over the steel wooJ. catalyst whi cti
was hreated reci hot by the heating coil_ rbrr. The gas ti:en passed
up oYer the heating coil-, wb.ich r¡as at about 600% tjren d.own the
pÍpe rreri, up through the ?-j-nch pípe and- out tire exit rd.tr. Ín
ti¡is Brocess from aO io 9e'Å of the ar¡monia was decor$rosed:

z\ --+ Nz+ 5$z

On emerging from tj,e craclcer t¡re gas passed throu.gl. a
sa'fety f'lask. lrnen tire remaining a¡-,uroni a ¡.¿as removed by bubbring
i}''r ough a large wasrr bottle of er-even galronÊ capacity, containing
10þ sulphuric acid- with a little methyl orênge to show r,vhen arl
tl';e acid. rua,s used. up. The gats was t}¡en d.ried with ea,lciunr chloride
to re¡love r/atex vapor v¡hich v¡a-s introduced. on washing, arÌd. tiren
passed tl,rough..a f ].ow meter before enteïing the furnace (see

Ifigures 5, 6, and ?).

severaL test runs were mad-e wit¿1 the furna,ce. J. e .oer-
atures of over l-Z00t.rvere reached., but the tungsten l¡eca¡ne

oxidized Ín stite of a r.ate of fl-ow of 6es of t0 lite¡:s per hour.
-t'he f'urnece burned out bef ore aìil¡ rèsults could be obtainecr.

Several improvenrents, particu].å:Ffy wj-tir l:eference to
making the fúrnace air-tigtrt, were thought of alter construction
of thi's f Li.rTlace . These v¡ere emboriied in a seconcL w,rich, however,

was cLaroaged in eonstrLletion. Bef ore a third couLd- be lruil-t n an

old Heraeus f urnace, with platimrm f oil as heating unit, ri'ras f ound

in one of tlie 1-ûþora'r,ories. Tbis suited our purpose ,admirabt-y,

so that further v¡ork o¡r tire tungsten furnaee v¡as aftandoned.
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Fígure 5.

1. Theìrnostatted cold junction for thermoeouple
2. iìheos t at s for furnace
3. Out1et from cracker
4. Calclun chloriCe bottles
5. Safety flask
6, lube to flow meter
7. Flovr meter
B" Rheostats for cracker
9. Cracker

10. Regulating valve on ammoni a inlet
11. ïnlet to cracker
L2. Cooling coil
13" Annoni a cyllnder
LA.. ïl¡ash bottle



Figure 6

t. Outlet from crac!:er
2. Safetv fl-ask
3. valciu¡o chloríCe bottles
4. Tube to f1o$¡ meter
5. Rheostats for controlling fur"nace
6. Ammeter ln furnace circuit
7. Relay svritch to shunt part of external

resi-"ltance in furnace circuí t



Figure 7.

The Flors Meter
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Tb.e Eeraeus furnaee had the platinum foil v,ou¡nd on the

fiitside of a silliuaníte ttrbe about 12 incires 1ong, viith an

inside d.iarueter of lf ínches. 3¡r proviåing in].et afld. outlet
tubes a,t the ends, it n'as possibl-e to Bass the þd.rogen-nitrogen
mixture trrrougn tlie inside oi the turnace, t;,us protecting the

sãrq)les from oxid.atior:, whr.i le at tlee s âr4e tií1e the 5: latinum vlas

exposed. to the a,ir as it slrouLd be. T]1e furnace ]rad a resísta,nce

of al¡out 0 .4 ohra at roop terc6)eratul:e, and requi-¡eo about L6

arnperes current for a temperatllre of l-150oq. .l'he furnace .was

operated r¡vi th the tube ín a vertical- position, and. witr¡ the

e:rueibl-e Êupported on a, sil-ica tube, to tceep it at the center of
the f urnace .

ÀÍter the liquidus cu-rve had been complete]-y investigated.
and. sor¡e work d.one on tbe roiscibility gap region, the tube of

t}ris furnace broke anó the platinliÉ ïra!:r dalra.ged. In view of
d.ür'icì.r]-ties incllrred in tr.Le suctlon method of taJring samples, it
r¡as deeicled not to :cepair this furnace, bu.t to revert to the

quenching ¡lethod.

'i'he comton t¡rp e of sma].-l- Laboretor¡r fur'p¿ce at tite

lJniversity consists of a muffle four inches high, Íour inches

in inside d.iameter, and q¡1tir a .ral.l thickness of a littl-e over

an ineh. l'hi. s has arroughJ.y spiral g¡ oove on th.e inside, to
íalce a c}:Íomel Ìreating elernerÌt, usrlaI-ly of 850 watis. lit the

ends of th.e groorre are i1o1es tirrough the furna,ce vraL]., through

¡rr}'ich bolts pass to bri.ng in the crrrrent. Í o.r his v¡ork t'rooó

cor/ered tbe heating elernent r,ri tf] Turnace cel1lent.

It'çvas f ound. that an 850-natt ehro&e]. eletrent could



giye teìllperatures of fl-boo arid- even tzoot, in this Uo" Ï
furnace, if the coil. ü'as not covered at, ar5r pointe, bu.i cor:pJ.etély
e:qlosed to tiie air. The typ e of cenent ín the la.1cora.tory
i'urnaces mel-ted. at tliese temperatures, irovrrever, and. it _wa,s

necessa¡cy to raol.d a,no tl¡er rnuff }e, with a grooye to take the
hea,ting vrire, irom rpricast 27,, a, refractory ceinent obta_inec1
from tiie Tirrnip eg Supply and !-,rieI C ompa.n¡r. This apireared_ quj.te
câpable of stand.ing these high tellperatures. î1ee enl;r' ci.iff iculty
ti1en. 'was oxídation of the r-e ad- borts. Tlr.ese were of r+ild steel
and oxidized. rather badly. äovreyer it v,¡as not diff icul_t to
rep] ace tiiern. fhe furnace v.ras placeci oll seyeral- thicknesseÉ of
asbestos board., and. surrounded by several inches of asbestos
insulati on.

I'or a higher ten:{¡ erature, a tu_be ¡ras ¡raj-e of AJ-u¡rdum
ceaent, tirree inches in insid.e d.iarneter, f incie wal]- thickness,
and. four inches high. This uas f-iredL at 1100% in the clrromci
furnace ' and- a platinu¡n foir heating e1euent wound onto it. A
plain mu:íf Le of rtplicast z?r , of f our ínches insicie dia¡teter and
al¡out one inch .ll¡all thickness, ¡¡as inad.e to surround. tÌiis, and.

tLre g¡hole su-rrouncled r:rith asbestos as bef.ore. this furnace
couLd aaíntain a ten4rerature of' l5ooof-Ìvith a cur::ent of 16 afûpeïes.

In con ectÍon wi t.it these l.urneces a 3-kilorra.ct .A.j ex-
lfor ti:ruB iad"uction fu¡nace vas used to hornogeni ze tne sarnples.
ft coul-d heat tlrem a.bove ttie melting point of iron in about 15

minutes, a.¡rd ir¡ add.ition irari a pronounced. stirring actior,l,
due to the fact that the sample acts as the second.ary coil of .a transforner,
the coil of the furnace being tho priæ.ry.
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Í.or the ear1ier part of tlle worlr, sam¡les vrere eontained.
in alun<ium { aluminure oxide) crricibles, one a,nd, tirree-eighths
inches outside d.iâ',eter and. three a,xicr- trìre€-eighths ínches f.igh.
The íron of v¡hÍcnever t¡rp e r{as being used v¡as f,irst poli.shed.
vrith eoery cl-oth. :ff¿e rlTe'oe o iron lva-s cut using a clea¡. hack-sa;r.¡
bl-ade into pieces one to ts¡o inches 1org, Oenco iron into sone-
1'yhat shoïÌ-r,e:: pieces, while the l:îerck .r,ï1r e was coiled up beÍ,ore
using. Ì'or the lic¿uidus a¿-i al:¿o'-1ni of iron úe,s taJcen suffícient
to give a safüple richer in iron tira,n tlre lio.uiri v,ras e:qrected. to
be. A check r,?as elrilåys made to see t$at tnis had. actua.Ily been

tile case. Llor. tire miscibllity gap conpositions Ìvere c.nosen tfrat
f'elL within the range where it was e]çpected to be. t'he tin was

melted- and poured over tjre iron.

lhe sal4p]-e ías then placed^ in the fu.rna,ce, and. most sf
the air was displaced. by the ieydrogen-nitr ogen rnixture before
tlxe current lras turned on. ll1e saïûI)]-e ïras kept at the d.esired
tem$eïature Íor tvJo C.ays as a ru.le, iÐ ord_er to al]-ov¡ com!1ete
solutioa of the iron. ln several câ,ses, .ixol,rever, af ter a 6ejîp1e

nad been taken, the furnace ¡voul_d be thermostatteo at a higher
temperatnre for a do;r, arrd ano t¡r"r po'uton taken, so that nore
ih.an one point eoul<i be deierBined using one sarrrple.

A FiJ-l.ímanite tube yras then j"nserted into the upper
part of tl].e sollrt].on, and a portÍon ur aj!?ï. lrlto rhe tube by

suction. So].j-ciif lea,tion occurred. Ín tne ¡ube as th"e liquid
ca¡në i-nto contact with its cooler u-pp er part. .i'¡rus the tub e had.

to be broken to recoye¡ ¿¿s sar.Erle f or a,nalysis. Tn a f e¡v caseË,
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some ].iquid appeatrecl to irave run ou-i of tl].e tu-be as tjre tube r¡¡as

being wi t.tÌdr anvn from the furnace. In sucit cases unusu.al1¡r 11ig¡

percentages of iron were f ounc1, presumably because high-melting
solid solutions }.ad, separate<i- on the vr¡al-J.s of tir.e tube and- tin-
ricir J-iqu-iC had f 1o¡rved out.

¡'or similar reasons, it vias necessar)¡ to aio¿,-:Jy ze L!-e

vílro ]-e portion r¡rithd.ra¡rn. Because of separation of solid_

solutions, the portion neär t}ìe top of' the tube eontalned- nuclr

les.s iron than the part near tne bot,tom. By taking the total-
anal-ysis, of course, tjtis v¡as not inrport,ant, si-nce rvlrat entered.

tire tul¡e'!''¡as necessarily the required soJ'u-tion.

?ortions frorn nea.r t$e rootto l oÍ- tite crucíble were

taken in a sir4i]-s¡r mailner. Care uas talien to avoid contaraina,tion

lvith solution f'rom tire top by closing the top end of' the tulc e

and a]-lo¡,¡ing tne t¡rerua]- ex-o ans i on of tire air in the tub e to
f orce out ar,y i',o;t faù eï tvii.icjì had enterecl l,\]tìile tire tube was

being :-nserted into the melt. Sar-np le s fTorn the bottom v¡ere taken

only in t.r1e region where l-initeo liqllid ¡.?tiscibil-ity lras suspecteri.

Tn severa1. cases lrhere limited i:riscibility was eq)ected,

saj.lpl-es were guenci';ed. 1.1-.i s Î.¡a,s done by rapidly removiag the

sârlÐ l-e from t.he f,urnace and ;o]-aeing it in a close-fitting copper

:¿o,J.d surrou-nd ed by cold v¡ater. Sol-irliÍ'Ícation required t¡¡o to

tluiee minutes. llore rapld cooJ.ing ïyolt3.ð have been desira,bJ.e,

but ihe insulating naiuré of the erucibles made this diff icul-t
to obtaÍn ïritl:out pou.ring the sarrr¿r1es ¡ lv-lricÌ.i v¡oul-<i i:.avé ruined

a,n¡r bound.ary betrrueen two layers. lYlese qu-enched salrples srere -:

]rack s av,¡n in half vertical.ly and driJ.l-ed for analysi.s at various
points.



22

1\¡ro otfrer meti:ods t¡rere used. in exemining the samples.

several ssïcp1és were polished, and etchecl ¡¡ith dilute ÏÐrdrochloric
aeid". Tne samples were fírst filed" roughl]. flat: a^nd. then a
plane surface lvas obtained. b¡' gririding on a ËteeL grind.ing r,rhe eJ-

with c arborlrnd.rim poveler. The sample !¡¡as nerit polished su-ccessive-

l-y on 0, 2/Oo anð. 3/O polishing papelrs, using a solution of .,

pa-:r a,'íf in in kerosene as a, lubric ant, and, the¡, ç,.sr'. caref L1lly

washed- irr e/aJI,] kerosene vrhen cìianging frori one paper to the next.
t-ne r r-nal pof:.sfr \ras ap?lieo. using a suspension of,soap and

Nortont s levigated alurflinlrn oJcid.e in water, on a cJ.otit 1ap.

varlous concentrati"ons of a,eíd- and varíou.s times of etc.hing lriere

tried, but the etching process did. not seer¿ to be of great

importance, since the great d.iff erence in jrard.ness between the

tvro ¡rain phases present al.l olred them to be distingr_rished very
easily even vrithout etching. Tb.ese po-LisÌ.red_ specimens v./eïe

exa¡irined under a, nícroscope, and_ phot omier ograBlLÊ ¡¡ere ta,l<en.

Jllso, ã, saraple was tested f or hard.ness using a, Rockv¡el_l

naehine. Ihailks a.l e äue to -.t{lr. It onailct T¡ioû&) son, of tire ringin-
eering faculty, who carried out tlris test.

, TolJ'owing tl:e f aiJ.u-re oi' tire ?{eraeus furnece, a,ndr the
partial fail-ure ot the surction et.l,od of sal.rpling {as will be

o-escríbed bel.or,¡) tire methoil of Al_exe j eff vas adopteo. The

ioetl:od r{as brlefL}. to ¡relt t¡-e tín and iron togeti;er r-n the

ind-uctíon fu.rnace, then nainta,in it at Eoroe constant teärp eratur e

in the Ílrr.f'tle furnace for son.Ie tiîne to a]-]-ovr separation of liquid
layers if this v'ras to occur, ancl- then to quencr: tire s alrp Ie anó

eriamine it. f or tire 5:resence ol' tyro Ia-r, ers.



23

.A good d_ea1 of trouble vias eryeriencerl in obtaining
somet,hiÍÌg to hold the sa¿f,p]-e. It v;¡as f ound. that alunoum crucibles
cracked in the seveie t e-np er a-r,ulre grad.ient, in tt:ie induction
furnáce. ]liej<e]- crucibles melted. Gra¿rhite crucil¡les were

f ound to be satiÊf actory. ,1he¡r became yeïy hot a,¡:d burned soue_

w?ra|, buL not seriously. .À1so it was f ound _that salrples sealed.
in glass under vacl¡.lri:r. v¡ere able to sta'd very high terçeratures.
Tlre uietfro d was to Blace the glass-covered sarrqrle in the graBhite
crucible, and- f ill in the space between sâr4)l-e a,nd. crucible wit¡_L

dry alundum cerrent. Tilis hard.ene€I in the intense r:reat of tl¿e

ind.uction f urnace, uuhile tire gl_ass 
'oelted. a.nd. f ornred. a rerûark-

ab 1y good. protective covering over ille sanple. Tirus there was

no necessity for an atÌaospj'ere of hydrogen, r'ihi ch vias irc.oossilcle
to sustain wiren transferring the ÊamB]-e froiÍÌ the ind.uction
furnace to the muff].e fuînace.

It çras found. that an hour and. a hal-:f v¡as sufficient
time in the muf f ]-e f urnace to sitow tire presence of ts¡o l-að/ers.

fn those saüp1es near the i.ron-rielr side of the gq¡!, the d.ivision
bet'çveen the layers r,vas easily seen, but vrith serrqries near the
tin-ricri end. it 1ra.Ê Ttecesser;,r to 3.r o J-ish the sa::nples and exa¡nine

microsco¡:ica1]¡ Íor dropleis of tlte bottoi¡_ f¡ð¡er suspencled. ín
tire iop. Sa;.np1es nere chosen so tha,t the sides of the gap lÍere
braclceted. - one sarapl_e showing tlro ]-ayexs a:rd a-no ti:er of sligiltly
diff erent corlìposition only one Lwer, at a gi.,en temperatLlre.
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f']re g.ethod of analJ¡sits for iron in the sa:tlpies lraã

sta^ndaÍdr, and. very sii:ple. SolutionÊ of potasõi,uú d_ichrs'.afs çil

appro:.i&ateb' 0.01, û.02, O.05, a^ttd 0.l- Iî were ::r,ade up. I'nese

¡sere staJadardized uÊing },.[er ak i-ron u.ire. :\ suitabJ"e a¡aount of
iron v'¡as r,reigh.ecr., and dissolved in 1-O ce. oÍ. concentlated. hyd.ro-

chlorie acid contained in a b00 oc. jjir].eßßeyer i'Lask.

Tlle sot ution Lras heatecl to boí1ing and l-bfJ Ëtannolls

chlorÍde soLution arideo, drop by drop unt1l tire yel.l-or,r color of,

the ferriciron disappeared.. l,he solution vas then cooled. and

diluteo to õOO cc " ; 10 cc. oÍ 3i, meïcu:ric c.nl-oride solutLon,

l-0 cc. of syrupy phosphoric acid a.no" 6 clro.os of O.2,, solution
of bariuia di'.ohenylanrine sul¡rnonate ¡rer e added. Tfre sol-ution .ir,ras

ti¿rated. with the potassium dichromate to the violet en<!. point.

"å.ccorcl"ing to Ko].thof'T 'and S a.¡rd-ell- {fZ) , r oï ttì1s a¡nou-nt of

Índicator, a eorrection oí 0.24 TrL. must be subtracted- froÊI the

titration as aJ'} indicator b1a¡k f or O.0IlrI pota,ssium dic?rroraate,

and corres.oonding amounts for the otlrer conc entratiorÌs.

. 'Ibe phosphoric acíd Tras add.ed to reduce the o:cid.ation

potenfial" of the iron. ïhe di].ution was riecessary to reduce tjxe

clrloríd-e ion concentration to ].ess than 2N. At higher concêo-

trations, chlor j.u,¡ ion is oxidiz.ecl by d"ichrgmate.

For t¡1e sartpl.es, the method was essentially ti:e same,

except that after tfi.e sarnpJ-e had. a1l dissolved., the tin, vhich
dissofved as etannous chJ-oride, wes oxidized. to stannic chloride
by bubbl-ing chlorir¡e through the sol-ution untiLl th.e ye11ow color
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of ferric iron v¡as observed. The solution ças tjren heated and
the sta::nous chloricîe reðuction carrieå out. $ere ,úiie stannous
chloride red.uced not only ferric iron, but also a,r:y free chlorine
1ef t in sol-u-tion. The a'a.þsis then proceed.ed. as o-escríbed. a,bore.

ïi¡rcirolysis of t¿e sta¡rnic crrrorid,e sometimes occurred.
ciuring titra.tione bu'r, this d_ict not af,f ect trre end point, Ð.s liras

found b3r ad.ding pure tin sol-u_tions to r¡¡e i€jhe d amounts of iron.

the bri:rette -¡'¡as calibraied to ensllre accurate ro].uiþ
reÊ-dings.
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ihe solubility ve]-u-es for the J_iquiou_s qurye, obtair:ea
bJ¡ both !'ood a.ir.d iayself , are ttsted, belov¡ in Taþ-Le I.

Îab] e I
ïron content of' soJ.u-tion in eauilibriu.m ï.ii ih solj-d- phase

Temp er ature ot. 
-y/e i.ght ,,:i ]:t: ow

2't.O

3A2
389
ó:ij4

45L
454
4A3
502
a4e
57,6
594
606
63t
ob4
?00
"t46

?'t5
,18'l

801
a26
&46
857
aoÃ
ô'1 

^
958
a^t

l00B
1045
1065
1125

.oo47

.00?3

.o23

.o2-9

.046

.a43

.0?0

.08?
"LAL1ÂO
))¿)

AA

L.24
L.3L

1.61
L.'.Ì2
2.a2
2.l-1
2.'.t3
2.88
Ó.UU.
ã .60
4.JI
Ã 'to
6.27

1l_: rÕ

\Tood shol,{ed a.l_so thai the eutectic aJ trìe ti.n-ric}. end.

"r,he cÌi a.gr am contained_ 0.003 t 0.00ï,1 i_ron.



ïemperai'.lre ot.t.

l_150

1200

1300

lata on the rûiËcibllitj. gap are giveu in ïa.b]'e 1f.

I'ab].e ïr
3ou-nd.aries o1 the niscibility ge"i)

Iron rlctr lin ricl] l!-eanboundar¡r bolln¿âfy
l'eight fà I:ron ',,Te i ght "fi I;cm r7e í gjr.t ií fr ort

40.1 L?.4 2S.8
1r0.L 1?.0 28.9

4L.2 16.8 29.0
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ÐTSCUSSIC]J OT' IìISUI,TS

The tenrperatures gj-ven in Table I are aecu.::ate to r 30.
Tkre accuracy of tne analyses varies r,¡ith ti:.e Bercentage of iron
i"n the sa;.ap1es. 1lfl.e values f or points above gOOt, obtained by
the volrrnetric rae*rod, a,:: e a,ccurate to one pa.rt irr 3OO, r,rhile
l{ood-r s ?alues r obtained cor-ori&etr j-ceJr-y f or samp]-es eonta,ining.
1rery l-ittle íron, are noi so accurate.

if -r,her e were axÐ¡ errors i,n saropl_ing they coulc! r¿ot be
estinateo- elirectJ-y. They r.rou].d be r a¡edom errors, a"ird cou_ld be
estimated by observing how rrre1l thê points fel1 on a smoo tlì
cllrye. Tlroo ji igrrr e IZ Lt may be seen tirat 15çu" eïrors etre
smal-l. Examination of a large scale graph shoy¡ed tirat only one
of tire eight points ¿r.b ove g00oc. ].ies f arther froro ¿ s:aoo r eurve
than could tìe e4pecteci fron the errors in tenç eraiure ar¡d.

analSrsis.

Tlre qu-estion of attair¡:rent of equilibriu-rc ¡v¿.s inves_
tigated by T/ood-. Tt is gener al]-y consid.ered desirable in v¡ork
of this kind. to appr o a.ch the equiri'nri*m condition from boih
sid.es. fn tl¡is ease, that ¡¡ould. meç,n to d_o one set of *lp eriments
as vre Llave, beating iron in contact with liquid tin at the
desired temp eratur e; and ano üeer set of etq)erimenis in r¡¡hi ch the
j.ron and- tin are he¿r,ted at a hígh tecperature, afld. then eooling.
to the desired temp eratu::e, in which process solid phase would
separate until a saturated solution is agai-n obtaíned. Identical

'alueå for the coapositions of these tr¡¡o solutions coulcr. bé
conÊidered proof of a tÏue equr.libriu¡â cond.ition.
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l,ood. f ou-no tnat ttris process l-ras not pr¿,ctl-ca,ble in
our caËe, sínce tbe solid p$ase did not settle to the bot¡oril of
the crucibl.e on cooJ.j.ng, but remaineci ín suspension. .JooC"

therefore d.j.d the next-best thing. By heatíng samples at the

sarae tentr)erature for clif f erent lengths of tíme, he found. ttra.t,

using l;erck or Cenco $ire, at tem¡reratures a'lrove 6009Ç salrples

heated a day ot more all hari the sane coûlposition of solutiont
presu:eab1y that of tir.e s a,tur a,ted" solution.

5:'o erqr eríurents of this sort v¡ere ilo::.e b]. royËeli', but,
as stateð previously, several- portions v¡ere often taken from the
sar¡e gan:ole at dili'erent iemperatures. Usua].ly a d.ay rvas al_loweo

for tire new equilibrj.um to be established. Some of tire rnelts,

theref ore, wese Ïreated f or seve:ral- oays anci. some f or on].y one, but

aJ-ì- the points so obtained 1ie on a smooth eurve.

fn the eiscibi]iiy gap xegion, tlLere vras no d.oubt e.s to

¡¡he ther tÌre iroi? was al.l dissolved, since it wa,s ac tllal.ly ::reJ.ted

ín the ind-uciion f urna,ce, arld Ìrel-1 mixed vrith th.e tÍn 1ry the

stirring action of the furnace.

Tioe presence of two.liquid 1aJ¡era was proved be¡tond.

reasonabLe d.oub i;. One sanq)1e was heated to the melting poiat of
e ç.s .C.)

iron^in t.¡re induction furnace, and then alLowed to eoo3. in the

furnaee vrith the power off. It required. about f,orty minutes to

cool. tó 2OOt The origina]. sâBp].e containeå }A.Q% j..¡.^orr. Ðrillings
for analysis were taken at four points spaced equally from top to
bottom. !'rou top to botto¡r the arral¡,'s es were:
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fn aciditioa, no d.iscontinuity ï/¿1"s vlslbl e to t-!:,e eye. ,ånotrrer

sa.rÕp t.e contai-ning 24.4"Å iyon vyas si¡oj-larJ.y laeated iia t¡re
ino.uction f ulrnece, but quencheci r a_o icì1y (tuo minutes to room

tem5rer.ature). This salrp]-e ]-ike¡rise shorred no separatio-û l&to

laJ.ers. 'lhese erperiments shor',¡ed. tirat the layers observecÌ in
other cases 'were not d.ue to tl e rapid, settling.out of solid, as
-.,'ever and lìeinecken ¡lad suggested.

0n tlre o tleer halrd-, Bâny salrples eon-t aining frolr twenty

to forty percent iron srere heated. above 114oo(. ín tf¡e resistance
fu.rnaces , tire terperature being kept eonstarjt f'or one io fbyty-€ight

hours before quenetri-ng. In theee casês qltenclr-ed saäl¡¡les atways

shorred. a distinct ti-ne o:il .separation between tv+o layers. .lians

the behavior observed was the ]rery opposite to t¡rat w1ìich Y,'e-rex

and ¡teineckeni Ë ti'r.e or]¡ woul-cl suggest, anô points c|eiinitely to
the existence of a nriscibility gap.

I'l1e structure of' the quenehed sa¡qtr)]-eE is very'

interesting to observe. irigures I to L2 are plrotomicrographs of

a sar6rl-e containiag 2'1 ..6fi tron, quencired froa 31660Ç rlrese are

al,f ait a magnification of 100 diaúeterÊ. I'b.is satìre le sl:.o¡¡s a

sirarp division into two l-a¡rers. ïigure B strows pa,rt of the

divicling 1ine. Êacb of ttre layers has a tpp ieal- structuJe. The

upper lras a light eo].ored contínuolts cors)onent w.ni eix rrorÊ

!'igure 1 j.s seen to be praetical"l¡r pur:e tin {.OO¡f iron) vritl. a

sraal-1 arlrôunt of the varíous intermetallic conp ouncls, arrd a daxk



Figure 9

Figure lC
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conlponeþt scattered through ít ¡¡hicte is a eotÍd- soluì;ion, s1:or;rn

b/ ,revel' and lteinecj<en to con-Lain about EZ iron. ,J,hls latteï
is verJ¡ irard. corapareci to the tin, aÊ t¡¿e tin ga.s bôeÌ.ì r:ei,i1o]red. in
pol-isriingr leaying the solid sol-uiion in reller. rn tlre bottom
plr.a"se ilxe sol id solr.ltion iË rcueir a.ore proüinent. Aotually in
botia ]-ayers ii¿e solid so].utiÕn shov,rs up too *ruclr., on account of
Lts nãrdness. 1n tne lower l-a,r,'er t,he soiio solution agr)eaïs to
roe ccniinuous: in ilacir s FitÍi ng the saiîç].e in hal-i' belo::e te,,kirrl
the pictures tÍ]e fovrer half ïías found to be ïruclr $arder than the
top.

f n ;!'igure g are sirown tvro large {O.Z _ 0.3 rrun. diarleter j
drops of 1-ol,rer ].ayer sus;oendea in the top i¿¿.63. l,he l_o1n/er c|r oí)

is resting on tne bocl;' of t¡re lov¡er l¿Ðrer.. I,rotice t¡re clear ].ine
of s ep ar a'r,ion ar ouncl e ach ci.r. op . I 'igu-r e I0 sh,ov,¡s a nuar-þ er of
sma]'l-er drops 1",1i1i ch are, .rtoy,iever, in tire center of the up.o er
laa-er. Jrn ana]ysis of tnis perrt of the sa;:qtle woulcr give a lrign
vali.r.e :r'or tne iron content of tj:le upper lâyer.

-d l-gures _LI and l-A are botir of t¡ie l¡ottom layer. I,he

first is near the center of tlee layer, ilhe second. near r;le ecige.

The CLiff ererice 111 strLlcture mu.gt,be du_e to d-iff erent rates of
cooling in tire t.r,.ro parts of tl,e layer.

The ñ.oci<v¡el_]- ¡¿ardness test was eeraiec" out on a sam,ûte

coniarning 2g.E; \y6¡, a-n ci. quencheo tro,,l I:-'7 6oC, ïlÌis sample 1veÊ

cut dor¡m -ri1e center and fj.leii flat, a;rd a series oi hardness

read-ings vrere taken ín a 1ine from top to bottom. The reaci]"ngs,

on the I!B|l Rockrryef I scale , ere;



Figure 11

Figure 12
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i'¡re figures for the top layer may be hi,gh sinee +.tae LA6tt bE.L!

used for the rr3rr Bca,le sa,rÌk so deeplJr l.nto the top laJ¡er thet

its support touchecl the ealirple. A separate set of values using

a l/Att ball {t'lrr scarfl was talcen on tne top layer. T}r.e se gave,

from top to bottom: 9L

98

qe

Hol,ever the bottom layer r¡¡as too har d- to give readings with sucil

a large bal1.

llnese tests shovi'tirat irro nearl¡r homogeneouLs l-ayer s

a.r e present, with a Êharp brea,l: betçeen ¿k.Leïû. The very gre at

difference in lr.a.r d.nes s is aot. due oÐly to a, lerger a¡rount of

solid sollltion j.n tne lovrer l.ayer r 1¡ut a.lso to a cliff erence in

strirctu"re whíeh is sliot¡n lïe1f in iligure 8. In ti'e u:ùper leJ¡ er

the sof t tin pi:a,se 1s cont j"nuous, wirile tire harcl" sof ic'L soJ-uirion

!s not, and hence contri'ou"tes littLe to the ]rard-ness . In the

lowe:: la;rer tlre sc].id- solution is f ai.r1¡ continuous, e-r:o tlrurs

tne ]iard"ness observed appror.imates to tha,t of ti-¿e solii, solution.
x "R' scale - Lh6" balt, lo0 kg. lnjor load.

"L" scale - I/4" lELIr 60 kg. ûajor 1oad.
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.Àt'uenp ts to determine tlre compositions of tjie 1a.).ers

b¡r 'withdra"ring portíons froir the hot saÍìpleÊ v;ere not entirely
successf uf . netv¡een -1 140c ano- 1200t, v¿.llue s f or the u.tper layer
rangeci from ].fi..O!l -uo 31-.214 iron, and. f or tiie bottora ]-ayer, f rom

30 .6?l Za 48.8:á iron. liieverLhe].ess it mey l¡e seen that lhe Ûe1ts

lïe:re ricller in iïoÍì at the bottom tI¿n ai. tiie to.o. This is
d"irect e4r erimental evidence for t¡:e eãistence of two layers,
for there is no possibility of l-iquatioa Ín tilis ¡ne tirod of,

sæ:ç1ing.

?ne reasons for this erratic behavior ajfe not entirely
und.erstood. One of the$? i].].u_Êtrated i.n _ igures 9 a:rd_ 10, is
that droplets of tlre bottom layer were Êu,'spendecl in the top

1e,yer. llte reason that the method- 'worked so r,'e11 f or tiie curve'

bel-or¡¡ tile gap is that in that case tirere r¿as a heayy solicr

solution in cquilib::iun wítii the liquid., a.nd tile solid solLrtion

liept out ot t;re 1îa!y at the bottom of the cruci¡f e.

llne figures in TabLe ïI r=rer e obtained by exanrinatíon

of 19 s arp 1es , using t?re met?æd of -4.1exe j ef f . 11re val-ues can be

cons j.dered. aecujj ate onl-y to tQ.5lí, si¡rce a aoclerate erlount of

each layer had to be present þefore it coulci be noticed. Salrples

containing l-ess than 20!6 af iron appeared honogeneous to the

eye, but the limits could be established bJ. nicroscopic exaûiin-

atj-on for drops of bottoin (i.e. iron-rich) 1a¡rei. -ior sone

Íeasonr wlrenever tiler e l'as onry a. ].ittle of the top layer ¡ it
alJ. collected a"t tre top oí tire sarp1.e, aJÌd, could- be seen v¡ith

tl¿e naked el'e.

It v¡ould leave been desirajble to have traced the gap to
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nidner temperatur es , itu -r, tnis vas ii.r¡rossible wÍtí tj.re eqr_,r_ípment

a¡aila,ble. h aar*ple containing 29.Ç'" iion (i.e. at the center
of t.|:e gap to grve egual ajnoll3Lis or- the la,vers) was ¡reate¿ in
t.ae indl¡ciion fu::nace to a tempera.ture above the melting point
of iron - probabþ about 1600t. OrÈ exa¡$iÊetíon af"ter guenching,
Large droplets of o¡le layer in aÐo ttler ¡yere observedl. By mea.ng

of aJû optlcal Byrometer. the teræerature wae read a.t about 14OOt,

but ¡sith a shining liquid sirrf a.ee' in the oB eÊ, teú&,erature readings
are 1ow by this met1:od. tr'or steel the eorrectj.on is about L2bo.
ltere it ffould be even nore because the saqrJ-e b'ad no . oxide eoat;i&g

Êince it was proteeted by a pyrex glass tube. ,A.1L that can

really be said. from this erçeriment !s that two 13¡rç3s ase Bresent
at a b-igh telçerature, ;oroba,bly about 16OOt.

r'o eoinpiete the ]-iquid_us cutrves, iv¡o, otner points should
be settl.ed. - tfre tenlperalure of .the base of the ga&, and the
position of the liquidus crirve on the iron rich sicle of. ti:e gap.

No e4r erimental v/ork rtras d.one on these, but the data obtainecl

lrave s olre ef f ect on ineir probable values.

'Jhe f igu-res in Tal¡].e IT coup].ed wj_th tjre ].ast two

p oints in i'able f sho.ç'¡ tlat t:re. base of the gap is higher ihan
11280 ¿¡çi lower than l-150?. Thus it is seen that Ed.v¡ar d.s and

Preece were ill error iTt p].acing the ho::izontal- ¿¡t 1n0?. Cf the

other t'¡¡o pairs of' lqorkers, rr,'ever ancl iìeinecken appeêr to }1ave

had. the nrost, refÍ¿ed tecbniqu.e and the purest naterials. The

aïerage ol iheir seeond. set of therriral- ane,lyses - ].t34t - is
probably better than a,ny of their .f irst set (uhich are lorver )

because of the presence of tiie tvo 1e1¡r63s. In the f irst set, l,ri tí,
no s-r,ir:riug, t1r.e botì;oa l-ayer, from v¡hich tlie solid sol_ution
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actuall.J¡ f ors.ed f irst, was mostly at the bottom of the cru.cibl-e,
w¿11- le tne tnermocouple r,.ras l-ilcely nalf. lyar. up. jyru s suirercooting
'$/as 

'oore li:re-Ll.¡ to occr_¿r Llzan in the second_ set, eirere the sol_i-d.

sol-ution separa-t,eü tl:roughout t¡.e sofutiån.

A consid,erable alîount oi. persona1 opinion enú,el:s into
sueh. a, crtoice. Others Êight elxoose tlre highest tenç e::atur e in.
the oet - 1l-56t - on the theory that no thermat. effect ea¡ be
observed untÍI sor¿e solid has separated, ancl that therefore üre
highest . temp er ature v¡il1 be tþe most nearly correct, ancÌ tlie
l-ower ones shovr the eff ect of varied_ a¡¡.ounts of. supercooling.
ft is seen that there is tlie possibility of a f'e¡,v d.egrees error
i-n ar6r f,igure assigned..

rhe previous l¡rorkers ha.d all- assum.eo. rat tne aign-1ron
lio;uidus eurve c aÍre i.o'r,"¡n to aboui; r.14ot by the t, ir,1e trle coruposition
ror as 50fi lron. iiowever, it is sholrn reere trrat tzre cu.rve terminates
aL \t.1a\ and 4o.Of iron. In Jr.lgur e 1õ a pJ.ot of sone of the
d-ata of Isaa.c and .Iâ¡.orann, Tlever and F-einecken ! ,e,nci nJ¡self iÊ
given. 'Ihe extension of the cu¡:ve d.oes not see¡c to d.o too great
Yiolence to tile ery erimental. Soin-Ls o although j.t is not cl-ear wtry

the previous investigato:¡s did not notice tnat it vdas i)ro]-onged
ta AAiJ Lrom. i-he eurve must ep-or o ach the rrorlzoncaL, so that th.e

tirermal effect v""ould be, coml:ined. wiih that occurríng at 1ffi4t

Á" coirpl-ete d.iagran of the l.iquíd curyes is giren in
Figure 14. This ie also ta.sêd on the resu.Lts obtai.ned ilr.the tbree
inv€Btigations mentioned. in the preceding peragraph
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r' The liquietus curve of the iron-tiu eyeten hae now been deterlrined fron the
melting point of tin at Z3AoC. through to lL34o0. (see Table I).

2. The exietence of a raiscibility gap has beon proven, and its LÍBits
detornined fron 11340C. up to 1300oC. (see Table ïf).
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