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ffiE SYSÎEM IRON.TIN

INTSODI'CTTON

Altho ugb nany lnte:metalllc compounds of lron ancl

tln had been elaimed pr{. or to 190?, 1t vras ûot until that

yeax, wl tlr the publieatlon by Isaac and Taroann of a Baper

It0n thê Ålloys of lron wlth Tla and coltto{l) n th*t u

aonstltutlonal. êlegran was fo:mrulated. slnce then nany

¡rrott lfl catlons have been maatê as other wo rkere have Eougþt

to luprove the aecùraey of. ttxe studleE (soe Sectlo:t o¡

Pxevlot¡s fnvestl gations) .

Tlre nais lnteres't 1n thls systen bas been lts
appLlcation ia tbe tltr-platl'r¡g lndustry, for wbleh many

tboro ugþ studles of tire me cheBlsm of tln-platlng, e.g. Jones

and Hoa,re(â) , huou boen nade. Durlng the recent war the

steel ¡allLs beeam€ siore lnterested la ttrrls systen ln vlew

of the large enount of tlnneè Eteel bel'$g returaedl to tbe

nlll as scrap(5). Ag a restùt, lt becanê nece ssaxy to

kaow how much tfn eould be toleratett ln the cbarges fett to

the Ecrap furnecê s r and how sueh obarges Ëbould be hand'letl'

Íloûevex, this investj'gation ârose from neither of

the above c ons ltteretlons. At Kl.r:berl ey, B.C. , the

consolÍtlated Mining & Snelttng tompany Ltd. oBesate an

eleetric ti.n melting plant. (4) Íhe t1n eoncostrate

reeover6al fron tbe teillngs of the Sullivan co¡lcentrator
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ls eharge tt to a 400 k.T.a. õ pbase electrfo furnaee, along

wl t'h the trec eEealT ooke atr al line, for Ê¡B€ItlEg r tbe slag

belng sklmeil. at about åaooo F. (oa. 1¿o0o c.). fbe crutle

tin ls tapped at about 1gooo-ålooo F. (ca. lo4oo-u6oo c.),
asd ruû to a fl pot, and belcl there until lts temperat ure

ilrops üo ?ooo I'. (ca. Sroo c.). After alrosslag, It ls
p¡¡npe(l to another pot, frà, from where 1t le plmpetl' at as

low a temperature as posslblor tbrough a ualque filte¡ of

Sonsollaiatett desfgB. the fLltrate goes to s further lþt'
#5, Ìùleb fee-as the eastlng reck.

îfbus, to quote from Joûes aaal &*uuu(4), 'The

Tra1l ne thotl takes fuJ.l advantage of tJre law of fron

soluÞll1ty Ln tftt. Iroß fs qulte soluble Ín tln at

hlgh tenperat ures bt¡tr @n lowering the teúperat ure to near

tbe Eelting point of tln, lror separates as a soltd. eomponont,

fe,Sn¿ ( oontalalng about 19 Ber cent Fe) suspendedL ln
practlcelly Fe-froe tln. Eence, by appticatfon of fllterlng
aetbods, tbe soLid FeSn¿ le separate(l froe the J-lqulit tln'
and the i¡on oonten t of the erutte t1û ls lowered to 0.006 Ber

eeat. Iû Itraetlce, the iron ooûtent of tbe tln ls

ooosX alerably lower for tenperatures up to 8000 F. (ca. 4SOo C.)

than shown by publlsbe d. fin-Te tllagr¡ms n fhls rouldl seem to

lntllcate 'tihat the publlsbeat dfeglanb are ln orror fn the area

appmaêhlng pure tln.
ol[be &v6rage assay of reflnedl tfn ls :

Se
P¡
tu
At
B1

0.006É
0.51
0.006
0.006
0.oo8

.å.1 0.005É
Mn 0.005
Oo 0.004
sb
S¡r

0.01
99.e7 t
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(5)
C. H. Wrleht, fa allscussiüg thlË, wr.ote

{T¡lls I@t lroa Goat6at of tln ftLtereal at the aborro

te¡ry€reture (about 555oC. ) led to a sêrie6 of

lnve6tigatioEs in ¡ûhLch fflterllg teryêl.atul'o lras ?a.rie¿

betcr€ea Aõ0o0. a¡d 500êC. In the col¡rse of our

expetlnent s, we l¿ no easê obtaf¡real a f,llt:rate coateLnlüg

noro then o.oÊfr ilon, anil at tenperatures belon 4OooC.

the f11l¡at6 lr no caÊe eoataþêdl aore than 0.01É tron.I

I! aootbêr ¡.etter( 6 ) tho reêultÊ of, soßê oth6r

work sore glvsa. 5o4p tln rÉs fflterod at 56ob,

(5€soc. ) to gfve a filtÍatE of o.o1ø iroE. thle ¡¡ag

!ôilr¡ocal to o.ooaÉ by a $rb¡eg¡¡eat flltratlon.

Ia vl.er of the above crlal€¡roe that thê lfterature

valr¡ee for the Eolublllty of thE lnoB oômpouðals 1¡ tll
uôre coséide¡ably too hfgþ, a n¡rthèr tavostlgatlon of

the systen, espeelally f,or lgw 3ô coûteEt, sas coaalaereal

ilesirabls.
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mEoREgTCAL C oNs rÐEBArroNS

I. Tntroduction:

!,a alJ-oy is a mixt ure and/or solution in a netal

of one or Inore other metals or noa-me tals. these

mato¡1als exhlblt physical and ohemLcal properti.es wlrlch

are rlifferent from those of the oonstituent elements.

Prlor to the eaunclatio& of the Fhase Rule, many

isolatecl experinental investlgatlons on netallle systems

hari been eontlueted' but lt hatt been fo untl lnrposslble to

correlate these fragneûts. Ålthough lftlla¡ci elbbs(7)

first presented. his thoory of phaseF in 1876, it nås not

untll the end of the a eot ury that Jþptaer(8) an¿ te

chate].1e¡(g) suggested lts applLcation to al-Ioys. In

the meantime, Bakblus Roozeboom(I0) n"a pubS.lsbed a

serles of papers derÍvlng all ?osElble equlllbriun

ctlagrams from tbe ureråoaynamie Potential d. using the

synboJ-s of Lewis a nandaLl(ll) tu¿" function 1s now

iatentified with. the Free Energy S. Sor equXllbrlum F

uust be a mlnlmum Ìrhêre

F-E-6{.PV
f ; Free Energy

.......(1)

s = Internal Energy
T = the absolute te¡nperature
S = entropy
P - pre6sure
V . volume.
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It is lnterestiÂg to note that, even tbougb the

princlples of phase equ.ll1br1um were clearLy enunc lated.

aLmos t fifty years ago, Lipson & Wilson(l2) poÍnt out

that thele are stlll many publisbe¿l equlllbrium ðlagrams

whlch contain details whleh a¡e theoretieqlly lmposslblê.



-6-

ïI. flle Freezlng Polnt Deprêsslon and gomposftion:

Followlng tbe enunelation by RaouJ.t of his f,aw

of Froeãlr¡g Point Ðepsossfon, vlz. thê lowerlng of the

freeãing polrlt of a so]-utlon 1s proportlonal to the

concentratior of thê allssolveù solute, i¡aor t Hoff
introd.uceð his theory of , S.olutions which assrmecl that

the illssolvetl body Ls ln a state anaLogous to that of
a perfect gas. üElng the 

"aLtt 
lloff concept, 1t nay

be easlly shown thet, to c first approxj rnâ tXoa (15),

übôn purê alTstallf¡o so1lolt satÊ!åtcs ae tbc oolfrt phaso,

..............(e)
t0o0 tf

whero ¿\t, Ís the Freezlng PoÍnt Depressfon
R- is the C¡as tonstaot
fo ls the tr'reeEiag Polnt of the pure so]-vent
M, J.s the noLooular welglrt of the solvent
m ls tho molality of thê dlssolveil soluteI, ls the y:ï#"t:** Eeet of Fuslon of the

''FÈl¡n l-890 to 1895, Eeyooek & Nevllle studlett th6

loluêring of the fróeulng pofnts of me¡c ury, c&dnium,

bismuth, 16o,d, e¡d tin, wben alloyed. wlth other metals.

They showeti( &l tnu freeaiûg point depresaloas nore

oonsfstent with the above equation, anal that the molecular

wêlghts of tbe dissolveal soLutes, for al¡nost all metals

studletl, oorrespond to the atomie Ìrelghts of the dissolved.

netals. flhfs 1s only val.itl for smal]. to moalerate

quantlties of sol-ute 1n molten aLloye. lbus, ln leverse,



asrünlag tbst aroy Eolutc EÊtq1 1s prosônt lE tha ûonÂtoeLê

statc, aad howtng tho f,l!ôozlÐg Iroi¡,t d¡ðp¡oEsloD, tåÊ

oo¡scãtratl.on of dlsbolvcil so1ut6 s¡ay roaillþ br aslGulatåal

btr cquatlon A.

IE coaslalôrl[g aqr solutlotrs, tJ¡ô f,rcszflg potaÈ ts

tloflsoit as tho first tcüqrc¡atìr¡:o lrofþ,t at utrlob tbc sourtioa

ls 1û .qul].lbriun ulth th€ Etablc solttl I¡has€. It lû1st

s¡tor4etica ð' folloË tbat f,or rqui]-lb¡rf,û! tho vâpour prGsflr¡rot

ot thc rolldl atil llqrlal Þhåsc6 a¡c laêntlsal. Strfctly, whoa

tm Xrbaoas als fr âqu1Ilbnlu![, {rho fEtaetty of ljhÊ suÞstecc

ta boüh úasc¡(Ël, ratbcr t!¡¿ tbc !ÊI,ôur prcËs¡¡ra, lB thê

5{¡ c¡ goao!ôr, tJ¡ð ðlEsi¡sslon horc, of tbs thrÉc posÁ¡1b3.6

caðog tbat arls6, ¡y111 ugÊ llapor¡r prosEr¡rcôs.

3lret, ln !19. 1, tf .gB 16 thc rra¡rour prcEfr¡¡¡rs curnt

of F¡r.. llqËldi, aEil BC of orTrsta].libÊ solrìlnt r .trlÀcB B,

thGf¡ point of lrtû¡:Ecatiolr, rs¡st corr,ss¡,oad to thc

froezlng polnt of, pu¡.ó li$¡iù, fo. Sl,¡oc tbc aidlôltioa

of a roluto Ioûors {rbc îipour prosar¡.Tc of a sollrtlûtr,

Ë.9¡, cur.vs Ð$ of Tig. 1, lt mrst f,ollon, wbca er1¡øtall"lnc

Êolva¡t E.pa:..at6s out, lt f E ln 6$¡ll.f-þrlu¡r åt a lowr

tonr¡nraturc than fo ElDco ÐE iatËrâaots Bû at E, whlch

coæospo¡¡d.n to lfr, a loúor tcüpc¡aturc thaa ßoo ftc
êråct anoa¡t of loüra!Í.sg ls glvæ by rquÂttoÃ A. As

solvônt froozcg cut, thê solutloa Þcconcr :rlcÞrr h
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solute., and. heBoe the freealEg poiot ls contlnu,ally

Loweredl unt1l the euteetie 1s reacheai and coeplete

solLttlflcatlon ocours. Itre equillbriun diagram for
thÍs case ¡vitL then eorresponal to Fig.8(a). l{ere

there is a euteetle wltb ao solld soJ.utlon present.

ff, however, lnsteatl of bêving pure solvent as

the soLld. phase, tbere ls crystallino solvent contalnfng

some aolute (J-ese than 1s present ln tbe o¡Íglaal

solutlon), the .vapour prossure of the sol-ltl pb.ase ls
J.oweredL, GHI' on F1g.t. Now the flrst solliL phaso wllL

appea:r wben polnt H ls reached. qhls eorrespontls to a

tempereture Tt wbleh ls hLgher than ft. Sf.nce, as

solldlflcatfon oceure, the solutton beoomes stlll rlcber

ln solute, the freezing Boiût ls eontlnuaJ.Iy lowered as

ln the Brevious oage. However, the amo unt of tlepress.lon

must always be less tban ln the Breoedlng Gase. llhe

eorrespoRd lng equll5.briun dlagram ls Êhown ln Fig.¿{b).

Ia all easeg where a elJbectic is forted, the

applleatlon of eqtretlon I wlll glve the eutectic

composition, provid.eê tbe coneettration of solute ls
suaLl enougb that tbe lileal Gas Law contlltions arre met.

Î¡s vp,J.r.le of ¿\f, 1s the dlfference ln temperature between

the freeezlng point of the p¡rr€ sol"tat and. that flnal
freeulng point obtalned, when solute Ls dlssolved in the

pure €qf,v.t4tc. Thus, ass tmlng the reEults of geycosk &
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NevlfLers nork, nanely, tbat the solute ls p¡esent 1n

the eonatomic state, the aomposl tlon of the eutectle

1s obtalnable by dlrect calcuLatÍon.

A thlrd case a,rLses. If the solltl phase forred

contalns mo¡e solute thas the f.nitial solutlon, the

vepour pressure of the sollal phaso 1s l-owored even more

than befor6, to I{L. Now, solldllflcatlon occurs
,rt

lnittal.Iy at ì4 or t , a tenperature higþer tban T"r tb.e

fleêÊirg polnt of pure solve¡rt. As 3olld.1fleatlon

proc€eds, the solu-tion becomes poorer ln solute, and. tbe

Êotid rlober, so the freezing polot oontlnues to rise

Ìri" th coeposltlon. IIence, we have the equlllbriun

ttiagram of FLg.å(c), namely sollti solutfon fomatlon

nith fr€ez1ng polnt elevatlon.

In theory, the first case may be conslôeretl as e

speclal case of tho seeonê, as no sol1tt solution oecurs.

Anotber speclaL case j.s the transltloa between tbe

eutectic forrnatl.on anat soliat solutlon. IÏeyêoek a Nevt}Ie(16)

clat¡0ed to have fo unê a systerm where the sol1d. and llq.ula

bad the same composltfon, a:xd. henoe tlre freezlng point

was constant. Ttrls oase i.s very mueh to be.doubtatl,

lndicatlng rether the closeneãÊ of approacb to the

transitÍon betweeô the êxtremes.

For more eoncentrated solutlonsr many o"" fu"to"e(&6)

become lmport&nt whieh lnvalltlate many of the aeswrptlons

ua d.e 1n the d,erivatloD of equation e. "A,s a result r the

tbeoretlcal treeünent, and the resultant eguatlons,

be oome nery conpJ.lcatetl.
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IIf. metbods of Ðet,er$lnlng EqullibrlLe tiagrama.

.âny lnternal change ln the pbysiaal or ebemieal

natuxe of a substance usual-ly aJ.ters many of fts

Bhyslcal propertiesr asr for example t lts magßetic ând

thermoeleetrlo behavlour, eleetrie registancer speclfic

heat, dtmensioas, atensLtyr and mt crosooplo structurê(1?).

À. T$ermal AnaLYslel

All methotl.s of the¡mal analysls ass l&e that chenlcal

and plrysloal transfornatlons wlthin a s¡¡bstanee are

aceompanied. by a heat effect. Ehus any tlme a heat

effect ls observedl, it must oorîegI,ond. to a transl tlon

from one stable phase or gomponent tc ano ther. Some

very somplete Cllscussions of the !0ethoais of therna].

aûaLysfs have been pu¡Lisheð(I?tLe). á' s umar'¡r of the

nalû methods r wl'th some of their advertages and

disadvantages r is glven here. i'11 these metbods give

a ñbreakn ln the BLotteit results when a transfonoatlon,

elther sol-td to õo1ld or }lqufd to sol1tl, oequrs'

l. Tempereture - Tlme Cu¡ves:

(a) I vs t - The varlation of tenperature wlth

ti.ue is the simplest poÊsible ctirY@o It eannot

d.istinguisb between Bhenonena proBer to the substance

studled. and. those due to outsitte eondltions'
,19) 

, th" sampleAs originally usei! by Frankenhelnl'

oas ñfree eooleôn. ptato(È0) lntrodueecl Linear eooling
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to aceentuate any observeð heat effects. This, on

plotting, yields results as shown 1n Í'i9.3(a).

(b) 0 vs t, 9r vs t (or Q vs êt) - Here 0 1s

the temperatuxe of the sampte ancl êt that of tbe furnace'

If alternate reaôlngs are taken of g anat 9t' alrd plotted

against time, a ouxve as 1n Ffe.3(a) ls obtalned' Íhe

Tenperature-E1me curves are very readlly attaptebte :to

entomatfc control a¡d reoording

2. Dlf$ere4tlal Cu¡vesl

(a) O vs t, å-êr vs t - Here, alternate (or

simultaneous) reaclings of the temperaturo of the saltrÞle t

and of the d.fffçreaco 1n teuaBerat ure between tbe sânple

and a neutra]. boôy(21), are takea, glvlng a plot as shown

ln Fie.5(b). Íhe neutral body ls a body of t b'e samê

heat oonteût as the scmple belng str¡dleËl, an'l 1s so situated

ln the furnaco tbat s anptre anð Deutra]. body a're at the s ame

tenpe ret ure laltlal.ly and. cool at t,}re Eane rate unt1l a

t¡ansfornatloûoccurs.0feourse,tbeneutra].bodymust
unalexgo no transfoxmatl'on lnvotving a heat effect wlthln

the tempera ture range stualleð.

Ít¡is ¡re thod", introduce¿t by Roberts-Àusten, ylelcls

the maElmum in seasitlvlty aBd' offers no Llmitatlon as

to tho tenperature range of applicabj'Ilty'

H.owever r in praetice, lt ls lmpo ssible to maLntala

ê-et constoltt. This ls due to tbe ðlffere$ce 1n masst
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sBeeifie beat, eonductlvlty, enlssitivity, as well as

the relative heat capaoltleg of furaace and. the enelosed

samples. flhe above consid.eratlons result, 1û Bractice,

Ln a sonewbat d.lstorted curve.

(b) e vs €-er - saladln(82) took the resuLts

from the above me thoai and repLottedir reeovlng the tirne

varlable from th€ eonsitle¡atlons, (nre.s(o). Tbe

nethoô cannot be adapted to reoortllng lnstrunents, and

has llttle to eo¡nmentl it except for the comltactnêss of

the results.

(c) g vs I - îhts ngoliveti Ðlfferentla1F
Æ

eurve was 'suggested by nosenhaln(l8) 6 eLfminate somo

of the difficulty ln lnterpretlng tlata of the Roberts-

Austin method, tbe plot of whlch ls dlstorteil because

of tho reasons alread.y mentioüeat. As lt expresses ê in

terrus of the ûifference g-eÍ for the saae temperature

Lacrements, the distortion i.s reduoeô sonewhat. lúany

workers eonsld.er this the most val-uable plot for ext¡eme

sensitivity. fbe ptotting ls, obvlously, qulte laborlous'

g. Ðlreet snd Inverse Rates:

(a) I vs iS, - fhis Blot, l'19.5(d), allor¡s the
d.E

measurlng of the speed of e transfomåt1on. Howevet,

since no neutral. body is usetl, the effects of tbe heating



-15-

or coo:Ling of the system cannot be eompensated.

(b) € vs dt/de - This,. also, is used for

tletermlning rates of transfoxoatlon. (¡.1g.5(e) .)

lhermal analysls atlows the calculatloo of the

composltion of the eonstituent solid. phasesr as

thêse oorrespond to tbe eompositions for the maximum

duratlo0 of the transition-

B. Isothe:sal AnalYsis:

Às the nane lmplies, this metbod lnvolves the

bringing of a system lnto equfllbriuri at the t6n0Bera ture

alesised for investlgation, and then tte terurlning the

aleslred lnformatlon, usua)-Iy the compositlon of tbe

liquiclus.

Itre system of anneallng, as practiced for

microscoBio and. X-ray studies' is really isothensìal

analysls, sinee the equillb'rfun is fifxozenn by quenohing

the sanple. This ¡c1L1 be d.lscussed Iatêr under

separate headings.

ftle netbod of isothexnal analysis ls classlcaL j'n

ihe lnvestlgatlon of systems invol-vlng salts and water'

Íhe method has not been wldely used., bolÍever' tn the

stud.y of alloys. Nevertheless, the prlnciple ls still

the same slnce the liquidus c utve is actually the

solubility cürve¡
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3.1tho ugh the ¡¿etbod of quenching from iletermÍnêd.

temperatures had been empl-oyeal ty uo*"(ag) in 1895'

lt was not 4Fed on aon-ferous systems uÌltil the

invêsttgatlon of the c u-sa system by Heycock & Neville(24)

fn 1904.

II.J. lfllleÌ(25) rurther lnlestlgateat this system

lsotbefmå.l1y, Ðd aleter$iaetl a few points on the llquldus

for tbe higb tin entt of tbe dlagrarn. Parts of the

rtqulclus or ¿1-E¿(26)qna ni-sn(8?), and tbe nlsetbll1tv

gap of the syst€n arr-pu(eg), have also been obtalneè by

this nethoð.

the sbvlo us cilfflculty lles fn üc obtainfng d a

suitable sarrple of the liquid present withont contamlEatloû

from the excess so1l¿I p$ase. Tt follows that lf the'

èensity of tbe llquid antl solltt are close, tlre method

may beeone useless, slnoe tbe separatlon beeomes too

dffflcult to effect.

C . MlSle.g t931e -S-@Is 
ls :

n fOoS, Robert Hooke rilescrlbed the appoarance of

teett crystaltiztng from 1ts alJ-oy wlth silver' antl further

tlescrlbedand.treTrtb'enagnlflod.surfaceofapollshetl
steel razor .blat[e* , (Deseb) 

( a9 )

¡[otlern nethodts are more systematlc ln nature' Ân

alloy of the desired eonstitutloa is aoneal-etl at the
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et the temperature to be lnvestigateð. Aftes anneal- lng r

1t is quesebeil as raptdly as trtossibLe ( usual-ly witå1n

Less than half a seoonti). A sectlon ls then Pollshetl

antt eteheê wltb a suitable reagent. Thfs etcbLng reagent

attacks the varlous constituents of an atloy dlfferentl-yt

thus glvlng a crystal xell€f sultable for microscoplc

ex6minatj.oo. Sometlmes, for very soft metalsr 1t is

neeeõsary to røove the flowed. surface obtalned cÌuri ng

grinding before the flnaL etcblng ls performe'l' IÏeat

etchfng or electrolytfo eteblo€ are alternatlves to

chemlcal etchlng.

By st uôying a].]-oys of the E alne comBosition quenchêCl

froe dlfforent anneEllng temperatures, it is posslb].e to

reeogniue the constituent6 comaon.to & glvên phase reglon'

Ílrus a serl.ês of tteteminatiol may set, qulte closeJ'y, the

verious phase boundqrles. Slnee, 1n general, tbis

me thod. lnvolves macro í:altples r the period of annea].lng

rnay be of conslderable length.

fhe nalo poiat of crlticismr especialJg if the work

is not bêing done simuJ-taneo usly by ano tber me thotl, Ls

ensuring tbat no segregation has occurreå d'uring quenohing 
'

and. that the quenohed sample does truly reprosent the

oondftions of the anßeal iÐg temperatu¡e anô not tho se of

some lower temperature due to â very rapld transltlon' the

original quencheai state being too mêtastable' To

eircl'mvent this difflo uLtyr work has been ðone on both
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irigh and low temperature etching and mÍcro"oppy(3:)

but the methods beeome nore dl.fficult.
Obvlousl-y, the microscopjr.c lre tb.od cannot id.enti fy

and give the eonstftutLon of ul¡knosm constltuents.
Eenc€, 1t must be used. on].y 1n conJunction wlth otb.er

metho(ls.

D. X-¡ay 4.nal-ysis:

lhe theory of X-ray analysle has no part in this
ïrork¡ reference sho u]-ct be made io one of tha many

stanrtard text-books on the suhJect(51r32r93l, . It fs
suJflcient to say tbat the scattering trraüorn of N-"ays

from crysta!-s is d.epond ent on the rie,t ute of the

constitueqt atous of a crystal and. upon thelr spaelal

errangement, and thus positive recognitf,on can be

accoraled to every dlfferent crystal. .A.nalytlcal

mêtbemåtlcal. methoals readily allow tbe caloulation of
tbe erys tal lattlce parameters, and. hence al-low fåe

¿l-ete]minåtioû of the atomlc ratio of the eonstltuent

elements, i . e . the ttf ors.ul.e.ert of the solid phases .

Arne I. westgren(g4) has cited. some of the many

êdvc.ntages of the applicatlon of the lç-ray method to

the study of alloys. Tlre lnvestigation is abl-e to
give fuIl evld.ence regaÌtiing tho number of' phases that

oo c r¡ir 1n an aLloy system. Fulther, thelr
eonlosltlon may generally also be fouûd out 1n thfs
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ü.â.nner, and many cases tleternlned wlth a very high

degree of acc¡¡racy The X-ray lnterferênces

give, evldence regartllng the crystal strueture of the

ctlfferent alloy phases, and thls proviées a certaln

lnsigþt into thelr chemlcal oharaeterlstics whlch the

earlier metallograpbic nethods could do but inoompl-etely.

Cêrtain laws governtng tbe eouþling of metal atoms lnto

oomblnedt phases have been traeed thereby' and the

structural anelogles have been proved. to exlst between

different alloy systens. fhe interaetallic reaetion

products ars not fotted so capriciously as belleved.

earl1er, but lnstoad, ls many oasesr a certala slmpler

relatLon sêems to exist between crystal struetuÍeE and.

the propertLes of the oonstituent atome.......i
In the lnvestigatloû of tbe ternery systêns' the

X-ray Bowder I,hotographs are of even greater value ln

qulekly nåpplng out tbe dia€reir(55).

l-,ike the nlor.osoople method t tbe X-râY method

nomally uses quencheil anniraled! s€Bples r s¡d accorttingly

the same <lifflculty of ðetelsining wbether transfor ations

have oecurred durLng quenchfng arises. Eoneverr th€

danger is not so great here Elnee the senple 1s annealo eI

ln tbe forß of fine ftllûgs lsh1oh ean be quenched far

more qulckLy and. effective).y than masslve pleses

sultable for mlcroscoplc stuttY.

T,lrese ftllngs must be made from tbe homogeneous alloy
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ao(l must be so made aÉ tg avold. eontamination, sometimes

belng mad.e out of oontaet with air.
To renove tbe uncertafntles of quenching r anô at

the s ane tlme to lnve stigate alJ-oy phonomena at bigh

tempsratures, method.s of X-ray stutiy up to 10000Õ. have

bees developed(56). ftre most ttlffleult Bart of tbe

procedure 1s then the detenuination of the temperat ure

of the sna1l ssmples being investlgatetl.

Slnce the X-ray method. providÊs orre photograph

showlng the nuürbêr of pheses present, the lattice spacing

of each phaqe ( anct hence usually t'be eomposltion of the

phase), and the relative amouats of the phases' thls

method baa now beeome perhaBs the üost imBortant methoô

for mo'èern nûetellogrephf c xeseareh.

E. other PÌryslcal Propertles:

tbe uee of lù.ysl ca;L properties to stud.y diseontinultles

fn alloys was ploneerett by Matthl"""uo( 3? ) (].eos on), thlrty
years þefore equllib3lunû. dfegrsüls Trere flrst suggested.

Many of the physical propertleE not already mentloBedl

are vafuable fo¡ ee¡ta1n special cases where the prevlous

metbods are not suitable, or TÍhere it is ctesireal to obtain

further lnformatlon to oonffrm results obtalneit.

Since mogt changes tn the solid. state are accompanleti

by a cbange in volleer'thls ne thod. beeomês a valuable

tooL. One me thod 1s essent ie,ll"y that of the classical-
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d,llatometer work of vanrt Eoff(*u), ,o" sample beltrg

maintained. at each temperature íavestigated urlt1l

equillbrium 1s established.. fihen a transfornatioa

line (phase boundary) is caos.sed, there 1s a s udden

break in the vofume- temperat uxe curve colrespoad.lng to

this. In genetal., the nethod ls atlaBted. to tbe system

belog investlgated..

In the e\rent of llquld metals and alLoys ia the

J.ow temperature xanges, tllsect d.enslty tleterminatfons

are posslble. For high temperature rangesr the use of

a sinkeÌ suspendett from a balance has proren practical

for deosity measurements of liquitls for tempesût ures

as htgh as lfqulcl 1"o"{59).

Other physl.aal propertlês of varying usefulness,

but whicb show the s ame sbreaksn et pbase bounaiariest

are hardness, electrical cond.uctlvltyr thelBo-electric

porsex, nagnetlc propertlesr col'our, and. eJ.octrol"ytla

potentfal.
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PBgl¡IoIË IN\r5STïG¡.f IoNS

1. lhe Pure Conponents :

3':.-!ig:
Vêrlous values have been suggos ted. for thê meJ-tlng

and/or freezlng point of tln. In 1911 l{aldner & Ourgess( o)

fountt the melting polnt to be Ê51.86oC. .ådans &

Johnston(4l) ir tgl¿ reported. the freezlng polnt of Sn on

two trlals as 231.?650 and ¿sl.88o0. In L91? tfolborn &

Henntng(48) set the val-ue, at 2g1"8ãoc.

Tin untlergoês two polyrnorplrlc transiti,ons as show¡r by

the oquation
roO r-^O

e( e1n ë= f rin *15 I rin
Co].our crey Wb.Lte Whlte

Crystal I'orü Cubie Fetragonal Rhonb ie

E. rroa:

t" t*a JenkinF & eayler(35) founa tbe nelting point

of iron to be L5e? I 5oC. Previously, the accepteat val- ue

hatl boen ebout 1525oe. Ilov¡evor, 1¡¡ L940 it Î¡as shoÐn

that for 1¡on free of oxygen th6 meltlng polnt was I555o,

and- when saturateil with oxygen tu*or.(44\
Iron undergoes soveral tra¡rsitlons upon heatlng. ftre

temperaturee of these traqsitions have been tbe subiect of

eonsitlerable lnvestigation.

The flrst change o(-fer¡ite !'.s É-femlte at ?600

is not now eonslðered e polynorphic cbange. It
corresponds to tbe loss of ferro-magnetic propeltles.
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It 1s a progressive change, and ðoes not take place at

â dêfinlto temperature.

Ílhus, for pbase changes r there remêia

d-ferrite +É f,-r"t"rtu *aoQo t-rer¡lte

o(-ferrite anè f, -ferrÍte are tbe sa:re, antÌ fn a

blnary alloy the l-for¡a oorrespotxd.c to a loop near

the 1O@ 1ron. Tbere ls eonsltlerablo hysteresis fn

the o( - f transltlon Aepending on whe tber it i.s

deterslned as a heating or cooLiag change. One of

the more Ïeoent *ott"(4õ) glves tbe o<' +Y as 9r0'5o

I .uoa. anð the f-ào( as a to z-L/za lower.
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ff. lhe Freparation and Propertles of Certain
Intermetallle 3'e-Sn conpo tuxaE :

In 1830 !assaigne(46) obtalned frou an lron

dlstilllng retort for tin a specular resld'ue whlch

he cLalmed had a eomposltion correspondlng to tre3sn'

Ðuring the next seventy yeaxs, various workers

obtaioet!, througb ¿Isv1o us means ' many Fe-'çn

uaterlals for wb.ich they cJ-almed' emBlrlcal- formulao '
In 1905 Stevanovlo(65) "*"t eoaslderabLe doubt upon

the ehemloal entity of eany gf the allegod' compounds '
Inaleed, nany of theser lneludllg even soue recent

leferences, have not b.€ en proposed' 1n any dlagram

to dato.

fable I gives a list of alL known reported'

inter$etal].ic compoutxds of Fe and Sn. fhose

reoogglãed on tlre basls of tlre most recent woxk

ere especlallY noted.
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2
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t933

19h3
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(48)

()+9)
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ftrernal diagraÍr.
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(À8)

No

No

I O2.)

189?

NO

},Tô

NO
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¡þ?sn,

rÞ3snÀ

¡'ê , sn
4.

xïo
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t9t+3
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ï
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NÕ
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¡

No

NO

NO
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(50 )

(50)

( 51)
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IfI. lhe Systen Iron-fin:

Tlte fj.rst constitutloûaf dlagram for tbe Fe-Sn

system was that publlsheô by Isêac a ru¡uanr(l) in
190? (Fie.a). Thie work can not be oonsidered as

any more than an initlaJ- review of the system.

Thsse workers used. thermaL anal-ysis 1n conjunction

Elth microscoplo study and. magnetoüe trl c tosts.

The eseential salfent Boints of theix dlagran

1. MfEcibtlity gap, basea! on 1140oC' and stretching

from 50 to 897¿ sn.

2. Steep l1qu1dus curve from 89S Sn to 100f,. The

only solubl[ty f igures glven are 'l .6fo Fe at 10500,

5fr at 9680, and, 8.5S at 853og.

5, Sólid solutlon as the stEble so1ld phase between 8930
al

and 1140-C.

4. A compound of u.¡xk&own composition stable from 78Oo

to 895oC. Isaac & fanÍIann suggested that it nlght

corresE ontl to Fegsn.

5. "6. 
polynorpbic ohelge from t:0le f to tbe f form of

tbe ebove comgo nnd at ?80ot.

6. Slther thê o( -form of thls coupound. or a new eompo und

stable below 496oc.

ïIever & Êeinecken(56) ¿tsputea the existence of a

n:lsciblÌity gap ln the system. ALthou€h tbey eould not
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prevênt the fonmation of two layers, they refused. to

recognize this aa a stable condition anô attrlbuted. 1t

to Liquatloa. The apparent basis of thêir conclusion

1s tÏre failure of th ermal" analysls to tletêct an &3rest

above l140oo. 1n tbe }eglon of 50-89ø sn. Clting Ruer

& eoerenst( 64) paper on Iron-Coppex, in ¡rhieh the authors

statêat that the nisolblllty gap in that systen wiLl not

appeêr for pure materlals, s¡eveÌ & Relûecken claimeð

that, by analogy, there êhould be bo gep 1n tbe system

3e-Sn, anai that llquetion was the c&use of the two

s.PBarent laYers .

"å,s stable interrnetalllc oompo ulxtts, they r€eogniaeal

only Feg$n wïÌlcb d.eeomposes at 89OoC. and four polymorpbie

forus of Fesn, ln thell dlegran (F1g.5).

On purely thooretloal grounds Wever & Relnecken

introd.uceð a. Ilne. sltghtly be]-ow 8900, iadlcating that

Seg$n s,nt! f -f"Stt, togetber forna e stable phase region

fron 4A-8Êø Sn. ltrey gave no experfmental evldence to

strpport this doutle trsnEltlon line at 8900.

A1so, Wever & Relneeken lnvestigated the effect of

tin on tbe ac- |' transfornatlon of lron; ln thls

transftlon they observed. a eonslderable dlfference between

heating arrd. cooJ.ln€ curves. A. more d.etalleci stuèy of the

ol- I transition was tater published by 6rer€r(65).

IYever & Relnecken set the maximle so1id. solubillty

of Sn in fe at 18-19Ø. llonÞver ' they added oo new
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infornation of signlficaûce on the lay of the liquld'us

c urve fro¡i egfa ta 1Ooø Tin, since the only val ues they

gave in thelr d.ata were very badly scattered''

In view of the origln of this research problemt

it is interesting to note that Wever & Relnecken sald:

fhe refining of high-tln containing alloys results

satfsfactorily througþ flltratlon at just over 240oc 'rr

nuer & Kurchmar, 
( 66) lr,r¡rediately challenged' the

allegation by l'¡eve r & Rel¿ecken that the miscibillty

gep ls non-exlstent 1n botb the Fe-Sn an'i the Fe-Cu

systems. Íhose &uthors d.enieal the interÞretatlon

plaeed. on the work of Rues & Goerens and irlBlied that

carbon, as an impurLtyr merefy facilitated' the reatly

fornatlon of two layers, but dld" ûot crêate them'

TTrey claimed, boyond any question, the formation

of two layers for both the ¡'e-Sn and Fe-Cu systemst v{hen

using very pure naterials. The ba'els of their c]-aim

was the presence, in a melt cooled' from a tempexature

fa! above the base of the allegeð mlseibility gep' of

two dlstinct layerÊ of ðifferent compositions' Tlowevext

ln the case of Fe-Ou, the laek of a misoibil1ty gap for

pure materlals has al.so been suggested by other sorkers'(67)

It has been elaLmed that a 50-50 nixture of !'e ard Ûu

forns a honogeneous llquiå at temperat ures iust above

the liquid.us curve, but that upon further hoati'ng ' two

j.s¡¡nisclbl-e llqu1ds appear. á"3'so, tbe add'ition of snalL

amounts of foreign elements, sueh as carbont eauses the
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semoval of the region of homogeneity entirely.
Edwarals & Preece{49) na¿e the next thorough

lnvestigatlon of the equi]-lbrlum dlagxam of tlifs system,

uslng the:mal and microscoplc nethods. fhey, too,

clalmeci the existence of a niselbllity gap for the

systom (8i9.6 ) . Iloricever , lt shoultl be pointed out

that as a result of the er$)exÍmental procpiLure outlined.

in thelr paper, all of the al.loys stud.led wo uld. have had.

a higb. pexcentage of carboû. Âs alreaciy menti onett, the

presonce of carbon 1s c lafmed. to leatl to the formatlon

of a misclbllity gap ir. tbe system Fe-Cu. Accortllngly,

their evltlence, l1kewise, calxnot be considexed as

conclusive proof of the Bresence of a nlsolbllity gap

on the lfo.uiitus c ur\re for the pure eomponents.

Ttreir dlagram dld. not xscogniae the existence of

Fe5Sn, anö lntrod.uoed !'eASn and !'egnr dÍspenslng wfth

the polymorphlo transitlons of Fesn¿ r Li¡rltlng the

exfstence of the latter to temperatures below 49ôoC.

ïn alloys of over 6So Fe, they dltt n.ot rscognlãe a

transltion at ?5ooc. as clained by ll,rever & Belnecken'

v{ith regard to the llquidus between 90/o Sn and pure

tln, no informatian is availeble slnce no er¡lerlme nta].

data r¡vlratever ûar€ given 1n the paper. ldlryards & pÌeece,

however, ðid state that j.n alloys containing as little

as 0.01S Fe, the presenee of noedle-llke crystals of

¡'ê,Sn¿ co u1d" be readlly detected under the uicroscope.

They olalmeal a maximlm solid solubittty of Sn 1n Fe to
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oceur .at ?60oc. (no value given) .

Banslster(49), io ai""*sing thls work, also supported

Ealwartls & P¡eeee t s clalm for the exis tence of a

rntselbll1ty gaB, without, however, giving hls reasots

for thls eooelusion.

Bannlster a ¡oo""(68), studyfng the d.lffuslon of tin
1íto iron, stateä the so1j.d solutlon cootalns,l5.Aø Ën at

?00o, and. L€fzo at tl5AoG.

In f951, sestgren(54) gave some prelfuûlnary flgur€s

on work beiag d.one by Hlret. He reportedr oü the basis

of N-ray stud.ies, that a sanp]-e from the,regloo Fe3sn in

the dlagram of ï¡ever & Relnecken eontafued acFe anit a

phase vith a NlAs type structure. IIe also provlsionally

reBorted the existence of other new solid phasesr without

glving details. À minlmrmr talue for the solld solubl]-ity

of Sn 1ü. Fe was set at l.z,.Lfo at go0o0.

In 1935 Ehret & ïuestgren(50) gavo more tletaileal results

of their lowd.er atlffractlon X-ray lnvestlgatlon. Thelr

diagram ls shown 1n Fig.?. fbey found the sollcl

solubility of sn 1Â Fe to be 9.$ at 6800 a¡d 18.8ft at 9OOoC.

Besictes the phases Ìêported by Sdwards & Preecet

Ebrêt & Westgren claimed F'^oa d/ phases. fhe Bhases

f@und by the latter, as shoÍ¡n in Fig.z, are:

e1 - @( -irotr Ìvlth titl present in solid solution.

F - e omesponds to I'aSn of Edward.s & Preece.

3e,SaA - same phase reglon as for Edward.s & Preece.

P - undeterrninaþle - posslbly two phases' but doubted.t
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É"- correspoûds to 3e¿Sn of Ídwa¡ds & Preece.t'
y- Â üicke1 arsenide type structure of uneertain

and. posslbly vari.able eomposltlon.

Jones & Iro.tu(2i using .primarily 4leroscopic methôds'

oonfirm.ed the exlstence of Fe*Sn, FeSn, and 3'e$nrr but

they couJ.d sot find evidence for the I -phase of Ehret

& lfestgren.

IIanson, sandforð & stevensr(87) rn 1934, studiett the

effectñ of smaLl amounts of Ag, Fe, Nl a:ld 3"s on tin.

Although they conducteti a thermal investigetion of å.g-Sn'

and Cu-Sn, and. an lsotbenmal of Ni-Sn, to detemlne the

llquidus composttlon and. the eutectfc proportlons, tb.ese

workers dj.d not attenpt to investigate tbe liquldus of

Fê-Sn. Tlrey did, hovrever, report on the physleal

properttes, e.g.r tensile strengthrof Sn eontaining snall

amounts of Fe.

å. statement Eas made that at I'OOOoC. , 5/o of lron

will d.fssolve in Sn. No exf¡erimental tlata rere glven to

suÞport this flgure.

One statenent made in tt¡is paper sho u1d. be noteô here'

since the results of the present lnvestlgatlon could not

eo¡rfirm it. lhe authors, ia ,replying to correspondence

on their paper by w.A..cowao{27) ¡wno stuttied cu-sn), state

thêt riroB. ". . ..has å very great effeet oû tbe rælti'ng

point of tln. r

Ebret & Gurlnskv(5l) io te+S publ1slrod the results of

a very lntenslve X-ray po$'der ùlffraetlon lnvestigation.
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[heir dlagren (fie.e) bad only one lndeterrlnable phase,

sn(i at the same tlme introd.uced. Feg$nz as a new stable
,tphase (rh" Ê' of Ehret & lFestgren). The f -phase was

reported. as a com¡Ilcetett soLid soLution of the type

c onmoa to systems lnvolving a eonbißation betreen

transitlonal elerments and elements with large atons.

It has a NlAs type structure.

Unfortunately, Ehlet & Gurlnsþ made no serlot¡s

attenpt to flx the horlaontal borders for their phaseÊ,

and- thus the tenperatuxes used 1lr tbe dl agran must be,

for the pr€sent, those of the prevlous th ermal

1nvêstigatlons.

Undo ubtedly, the most retiable phase dl agram of the

Fe-sn systee ls tbe X-ray ti I agran of Ehret & Gurinsky(5l)

uslng lhe temperat uro bound.arles sì.rggested by the earlier

thernal tnvestlgatlons, strteclally those of WeYer &

nelneeken(56). For the bouüdarles of the f, -Fe region,

the only work publlsheai 1s that of gever(65).

. ¡,or lron eont&inlng soee graphite, the presonce of

the mlscibllity gap wo uld appear to be beyond question.

I'or rînJxtures of I)ure fron and tin, however, tbe c1aln of

Wever & Releecken (althougþ not their ex¡rlauation) cannot

be ttismÍssed in vÍew of the aeceptalce of the Fe-Cu

atagra¡(67) fn whleh, fox pure Fe and Cu, tha inniseibl].ity

of tbe two liquiils does not begin untl1 the temperature ls

somewha t above that of the llquidus.
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I. Introd.uction:

fÌie st ud.y of this system nay be d.lvlded lnto several
sec tlons:

(1) The tiquidus from IJ-4oo laglÃ Sn) to zgzoÕ. Tbis
portloß of the liquldus is very steep, and forms tlìe
prlno lpal subject of this investlgation.

(Ê) fhe eomposition of the eutectic at ågåo. lhÍs had

not been prevlously investigated.

( 5) The mlsclbillty gap. Ttre exlstenee of the gap on

the liquklus, in contrest to a reglon of flnøriscibility
ebove the llquidus, should be confirned. for puxe materlaLs,
and. its bou¡da¡l.es déter¡nined.. Time dltt not allow this
work to be und.ertaken. G.B.Sklnae¡(0s) t" construeting
a t ungsten-!Ío unti furna""(zo¡ to investlgate this region.
Since such a furnace operates in an atmosphere of cracked

anmonia(71), there will be no eontaninatfon of the metals.

{4) The llquidus fror lo@ Fe to b@ Fe. thls reglon has

been qulte accurately aåpped, and neeti not be repeateal.

(5) Th.e solld phases present. fhese have been adequately
lnvestlgated. by previous workers, especially Ehret &

cur:.nsty( 51) .
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TI. Putltv of Materlals Used:

For the stt¡ðy of the eutectlc compositlon of t1n'

spectroscopic tin, obtained from tbe Vu1can Ðetlnnlng

lEorks of Sevraren, N.J., Tras used. No bateh anal-ysls

was aval1able, although it was stateti by the manufac turers

that Lueius Pitkin Inc. had analyzed. prevfous batches

pfeparêd. by the.same method, and roporteð:

Pb .OoO5ø Åu .Oojír/o

3e .ooLvo , Âs .0001ø

sb (.ooor$ Bf <.ooorø

Âg <.OOOY, In ¡[one found.

Pb, cu, As & sb
&-Fe 

-. eombineil .0001ø
ooxtbiaetl .OOOZqo

Bi, ag,
&In

oombine<t ,OOOLI,

sn (by tlifferonce) 99.991W

For the stutly of the liqufdus, Batch ffvS ot Vu]-aan

t0o¡rmerclalr tin ¡ras used.. lhe fol].owing anålysls was

supplied with thist
Fe .OOAOf

Pb Traee

sb .oozffi

Cu Trace

sn (by dlfference) 99.995ryÃ
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For the eutectlc, Kahlbatm Reduced. Iroc was used.

Fhls ¡vas fo und. to be the best of the reaiuce¿l iron

available. It was anaLyzeat for total lron by titratlon

with KptrA0Tr and was found to contaLn 96.4f0 îe.

-A.ssuming. the tiifference to be orygen present as Fe'0nr

thls correspond.s to 89.5S free iron. Í'he Ka ulbau¡r iron

was analyzed for free iron, using tire method of

Christensen(7å) (see Metbods of Analysls), and gave

9A.Afo metal-lic Fe.

For the study of tbo liqu.idusr rIlon T[ire fox

Stand.ard.izatlonq Ìras used. llbe i\{erck wire (flne wire

on spoo]-s) was statedi to eoatain at least 99.8/0 Fer anit

tbe terxco wire (ttrln 5n rods) was 99.7/å Fe.
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I_If . Methods of Chenlcal .A.nalysis:

The free netallle iron eontent of the red.ueed lron
was de termlned by the method. of Chri sten"urr( 72 ) , H.at f
a gråtll. of welghed. sample was placed. in e l-0O cc. grad uated.

flask f1lLed. with COr. 5 grams of FeCl'r rì.issolved in
50 cq. freshly bo1led water, were add.ed.. Ttre flask was

then talted t.o about 5OoC. and. sbaken for l-5-eO mlnutes.

The samplo was then diluted to volme with freshly boiled

water and kept Irnd.er C0¿ overnight. Ê0 cc. portions

were then tltrated. wlth .lN K¡,tnO4 Ír! the presence of

å0 ce. of ?N H¿SO4, and 10 cc. of RLreinhart-ãinmennan

So1ution. Tlle equation for the reactlon ls:
Fs t åFec15 -+ 5Fecla

Iron, 1n tl¡ sa¡trples, was tletel3rtlûed. colormetrlcaLly

using the blood-red eolor tleyeloped- by ICNS vslth ferrLc

iron. fhe follo'srlng procedure was aleveloped as sultabLe

for all samples analyzed., sÍnce tbe tln never und er-went

hydrolysls on standing, and slnce sulphur never forrne å 1n

tb.e coformetrlc d.etemlnatlon.

5 grams of tin were dilssolved. in 50 oc. concentratecl

Hcl. IIelIor(?5) states that at least twice as üueh acld

as SnCl¿ must be prêsent to obtain an appreclable reaction

rate. The solution may be heated. to hasten the d.tssòIvlng

of the tin. Ttre sampl-e was then diluted. with water to

volume 1$ a 800 ce. stand&rù flask. lrïornal1y, e0 cc. of
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this soLutlon were placed. Ia a l-00 co. Eslenneyer, along

witir t0 cs. of ll:l Hgl anat l0 cc. of q"flAg'. "t sùal1

fllter fu¡¡rel Ytas put, stem downwarcls, ln the ¡eck of

the flask, and the solutlon heated. to iust below boilin€

urrtll tbe gas evolutlon had ceased.

Tbe sample was cooleâ, wasbed lnto a IO0 ceo stanöerð

flegk with 40 co. of 1¡1 Ët]. anè d.iluteè to voltüIe'

Comparison staaalards were made of pure t1n' fitis

was mad.e from A5 grams of pure tin d'lssolvêê iu 150 ce'

concentratetl^ HCI and dilutett to I lltre, thus glving the

sa&e coneentratlo¡l of Sn as present 1n the 200 ec' flasks'

For every set of qneLyse6, stand.ards were prepsretl

slmultaneously, using the ebove Ëtendard stock solutlon'

To the 20 oc. sarnpLes of pure tirr, tbe requlred emo unts

of higbty dllutod standarci Fe solutions were ad'tlod' to

give a oomparlson stantlard of approxlrnately the s ame

eomposltlon as the u¡kcown.

¿. A5 eo. portlon of tlre oxldlzeð saraple and of the

comparlson stantla¡tL were pipetted lnto d'ry 100 cc' beakers 
'

eaoh eontelnlng t0 cc. of 1¡1 HCl; 5 ee' of 4N IICNS were

then attðed to each r the solutloa stirretl, and lmediately

ex€lltned. urtler the colorlmêter. A Bâusoh & Lomb

Colorineter of the Ðuboseq Type '!Yas used' Slnce the

pure tln contained .00A6 Fe, a correctlon for thls was

¡equlrett 1n some anatyses where the lron eontent of the

s emple was verY low.
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For very dilute solutlons, 40 ce. of the Srúln

solutlon were analyzed, and for stronger solutlons

only I0 cc.

The large excess ôf ehlorlaie lon prevented any

fntêrferenoe due to varlations ln côncentratfon.

Moreover, the hlgh acitl conoentration preventeai

hydro]-yEls of tin 1n samples kept for some tlme. It

ls neeessary to bo1l off exoess Hgot before ad.ali tion

of KCm, âs otheflrlse tbß for$êtfon of colloitlal

s u1?hur prevents accurate detenninatlons n also the

otlo ur of H.2S anti HCN may be observed from such sol-utlons.

For work oveT L/o Fo, a volleetric methoô was

cleveloped vrhlch coula be rrrÌl on the unuse(l portlon of

the SrÊ1¿ solutlon. The Aesired allquot was ox1äized

with C1-, f::om:à ehLorlne generator untll the sol-ution

startect to ehango to the green color of ferric lron.

Ch]-orinê was used. es it was found the easiest oxlèlaing

agent to renove qulckty without resortl'ng to excessivoly

1or¡g boiLing. The ox1il1ãed solutlon was then na¡ned'

and. I5øl stannous ehlor1d.e solutlon ad.ded. d.rop by tlrop '
with eonstant stlrring until the last shade of green

allsêppeared., lhis procealure also served to renove any

exoess chtorLne present. Bromis.e was not fo und suitable

to use as fts oxidatlon potential is too low to allow

tltratLon wlth any form of the dllphenylamine indlcatort

tls illphclylaä1ãê tl(llaator€ bcl¡g t¡bo oEly lnto¡mel lndioators

havlng a lteblo o¡ldlatl.o¿ Botcni;igl.
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ftre standard me tÀoal of iroB analysis was then

foLlorqed. ÍLre solutlon ¡qas cooled and I0 ee. of ïfo Ílg11.g

wexe ad.ded rapldly to remove excess stannous ion. The

so]-utlon was then dilutect, washed. into a litre beaker,

10 ec. of syrupy H5PoU and l5 ac. eoncentrated HZS04

etld.ett, a¡d. the rryhole itiJ.uteð to 700 cc . 6 drops of

.åS solution of bariun d.lphenylenine sutrphonate were

adatett. fhe solution rqas tltrateil with .01N Kg0rn07 to

the vloLet color change. Using thls eoncentratLoa of

K¿Cr¿07r Kolthoff & sanôell(?4) state tbat a correction

of .P4 ce. must be subtraetetl from the titration as an

Íntifcator blank. Check results were obtalned using

pu¡e Sn to whlch k{own âmounts of Fe hacl been actdeti.

the phosphoric acld ts adaied to seduce the

oxiatatlon potentla]- of the 1ron. Ttre dflutlon fs

necessary to recluce the ehlorid.e ion concentratLoû to

lesõ than 2N. Àbove that concentration, ch].oride ion

is oxidized bf rãCrr0t.

ts ually the solution beglns to Ìryd.rolyze as the

tLtration is completed. lhls could probably be prevented

by the additlou of eYen more pulphuric acld., but the

hytlrolysls doeç not j.nterfero witlr the end polAt of the

t ltrat 1on.

Tlrere appears to be no reason why the aboYe üethod.,

perhaps modlf ieai somewhet ' w1Il not be suitable for atly

concentrations j.n the Fe-Sn system.
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å" brlef investígatlon ìvas mqde to ôeter"mine

whetbe3 t1n eould be readily alissolved. in HåS04 in

oraler to eliminate the necessity of aillutlon.

Ac cord.ing to lielLor(?5), wlth H¿st4, s ulpbu-r is

forried read.ily fn the reactlon Ì!'i th tj.n if the acid.

1s too co¡rcentrated. fn practice 1t was found. that

the rate of solution Tras too s].ow to be sultable for

analysis. Accord.ingly, the best nethod. of analys is

of iron appears to be a volumetrlc cleterminatioa of

a bighly ðiluted sample prevlously tilssolvett fn HCl.
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lY. Tempera ture Measuring ïnstrunents:

In the eutectle lnvestigation, mercury thermmeters

were useal; one, a O - 560ot. themometer, gave. the

tenperat ure of the melt, and the other, a Beoknann, the

changes 1n the temperature of freezing of sn.

In aJ-1 other work, a platintm - Bfetinuü lOl,rhodlurn

thermoeouple r[as used. fhts the:mocouple was ca]lbrated

frequently, d tr1'lng use, against the followfng points:

tr'reezing Polnt 231.go0 .

n n tr.27.+

r ûr 419.4

rl ü 659.9

Melting Polnt 800.4

Sn

Pb

Zn

.å,1 ( es.e5ø)

ñaCl

å.9 Freezing Polnt 960.5

l'be variation of the e.m.f. of a Ft - ft fOlo8ir

theltrocoutrlle with temperatures were plotted. on a velT

expand.ed scale using the tlata given ln Pfemperature -
Its Measurement and control ln science and fnd.ustrun(20).

flhe oallbratlon poltrt e.m.f¡is obtainetl welê plotted. on

the same graph, thus aLlowiog tn" shape of the standard.

c urve to be used as e gulale in the d.rawing of the

calibration c trrve.

Íhe tÌÌermoeouple was used ln conjunction with a te ed.s

& Nortbrup Type K-l Potentlomêter antl a Leeds & Northxup

Type P tr¡fal1 ealvanomet er of senslttvlty .øQLõ,,'é¿ amps.1mc.

this gave an ur¡certainty in €.!icf. reaclings of less than
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5 mlcrovolts ( eorrespo¿tting to a¡out t/aoc.). lhus

elJ. temperat ures could. be measured. to wlthln å foe .

Tt wiLl be seen from Flg. to and. Fig.15 ihat lnstead

of uslng a cofd Junctlon of Pt - PtRh, two cold Junctioûs,

a Cu-Pt and a C u-PtRb.r lsere uEeal.. Íb1s maðe no

d.lfference in the voltage of the tbermocouple (Law of

Suceesslve contacts) r but dld. Ilrovide more convenient

connectlons fox the wlx1ng of tbe eireuit.

&lrlEg tbó tork oa tùcn¡¡l âr¡â].¡rÉls (peges Alt-¿H! ) thè Golil

Ju?ùctio¿ sas a tatcr batb at roon tc4rratuto. EoËcvorr ovr¡ a

twcrty-four bour pcrloit thê. roeu tqtrItcmturo fluotuetoil ovå3 e

IooC. ¡aagp. À6eord{'gly, fo} tho isothoIÐal aulysla (pagcø

49-66) tt tras !.oos6ar¡r to tbo¡noãtat tho ratcr Þath. å

torqrraturc of 82ac. ms ustdr ae t¡hls ¡nE abo¡o aEü pos8lbl6

iluotuatloa l¡r toôû t6¡ûIteÞtrrr6.
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V. Dctcr4n¡¡tl9q ojq-.ry!9o-tt9__]i9s!q¡1t:!9si

Â. AIE aÊhro3

!oT tbê Larostlgatioa of ths cutèotlo so¡qroãltloB of lcgtp ltr

8a, tbc appãrêtu6 úô¡rê 1¡ Í19. 9 m.s u€ê¿. Bc tro tbcr¡¡snotors

nora Jaobatcil rltb þrcr ea¡cr ln ord.lr to ¡troùcct ttc th!¡Ìr¡ärlleal

tbor'¡noüptofs f,rrsn ths 6tnal,!,s ercou¡rtr ô{Ì tturilÐg t}ro sôltdiflcatio-û

of thè oltc¡ ttB. I&rer¡¡:5¡ ras uscd ta thc oaglng to tr}rovr.Ac

cfflolclrt hêat tra¡Êfcr bctr¡gcn lt aatl tåc tbc¡aoert!!. &c Bcoh¡a

ttcr.wotcr usoil hail c 3å¡t6 oî 6-L/AøA1 tho o!a!.l¡E¡y tbmmstcr

¡¡¿ a ¡a¡ee of 0o-g6ooc.

¡t i¡su:-ô bc lotral l¡let r11 gl.as¡ tB eo¡taet ülth th. ¡clt rr¡
of Rfrc, to [lr{du. tb. lÊrcÈ1DA aotlotr of loltGr! tt! or tL. g¡âs¡.

t!. €-"r Ptffi tlBbc raa er4røåoil l¡¡fao a plcec of, tllc ¡rt po

la-Llg. l¡tc¡¡n¡]. itlæ¡tcrl ¡ oa tbc oet¡litc of, rbteù E¡ æuü¡¡ a

¡lo&¡ou bcattlg clæs¿t. Ítt¡ olcn¡at Ér i!ãu¡'åtãil oB tàc øutêlåo

rtlrL r t¡f¿; l¡t¡r of, a¡bc¡to¡ p€rûâr, a¡å rltl rrÞc:tos pcpcr. |&6

ftr¡as. irer placã{l ¡t tås oc¡¡trc of tþ €or..etrfc ¡hcct ¡¡t¡1
oylinitcrr els¡cil at l¡bc botton t&c¡c rrrlr 0!.6r ¡¡Å Lo-6/an dtrEÊtâr.

Coll tcp ntrt rÊ¡ olr¡auletr¿ 1¡ tbc un¡l¡¡ bctroa tLc tm o¡r¡.

Ovsr t¡lc tiholc n¡ a tteLt tlttt¡g lftl, r lrtcoâ of ltba¡sltc ¡¡bc.te3

boa¡ð rtth r It lltaocte¡ ho¡'c ttlougb ÉtêL t¡! ürbc nr rur¡rc¡lilcû tl
tbc fi¡¡r8cc. 1É1¡ lf¡a¡¡ltc Èoâ¡¿ 1¡ Lâ¡t lr¡lrtr¡t ¡lil olcatrloally

¡o!-6o!¡tuct1!g. 'l!hc Dcrcr lcaês to thc fruraer rcrc. coË¡rotrdl te

tblð boalal.

4. ¡tE ¡n of, tn¡c ¡lt¡ogrB Ës ol.lct¡l¿t d ovr! tbr ¡clt ¡t ¡11 tl¡¡¡.
I¿), mr ¡¡r¡¡fftcd Þy

[i:,:::;i;i tìr i;;;],5-:-tå

I-!tsRAFIY

&c ge:, .obtallrd, ñon eo@o!atà¡.
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flrst X)aãafEg tt ttrôt¡gh ¡ry¡ogaltol colutio!, f,olLo¡rad Èy a Cactz

alrTllg tr¡bG. It ras thca lÊ¡sêal tÀro¡¡gþ a lo¡g rcil-hot oonbuÊtlo!

tub. ooutalnlng fncshlt lcôuocd ooppêr wþc a¡d. pordcr. Thc o¡Vgc¡

eoatctrt of tbls pullftcê ¡ftrcogc¡ ra6 åot atêtctd,Ëc¿. It mrst,

h,o$svatr, håyc b6cÊ rur¡r lor Êlloa praettoall¡¡ no contñpr!Âtlon of t¡Âc

eoltê¡¡ tf¡ ¡n¡ sbsc¡ttil.

Bo lttocdt¡lc:
,¿00 €raas of 

't)retroreoplc 
tla rcra pleoc¿t f! thc t'¡bË âü¡! th6¿

f,hc :ystcn naÊ t'botouglty fluÉ|bcat wliù dtr.ogco to rcrcyc atr. lhc

aq¡'E Ic wae thæ hcatcô to abor¡t gEOoG. &o Bcoha¡¿ tùcnnônctË! had

bc6Ë lrrcvtor¡rþ rct eo tbet lih. frËczl¡g polnt of tla sceu¡rcä la tbc

ccEtrlo of tÈc Baalc.

Rcpcatcô t¡frle ¡c¡c .m'dlc tor thc Bcût+rnenr tåomoeotðr lcsdt¡gs

Aurû¡g tbc sollillfleatfoB of tÀà ttr. Vfgoroue BtilIt¡g E3 lrecõser¡/

to pravat crcrsslvc supèrcoolúg rùlcb, at tloË¡, eegu¡rteil to a¡ ruoh

¿¡ I¿eC. A rû.say dr{.Î¡ tã' BcckEån¡ :fiåadlngE a¡ obscrúlal ovor å

Fcrfodt of, @¿ wccEr I¡ orqrtcr to ¡l¿X¡¡l,ze this dlrif,t, tho fthêrr@rrtcr

ß¡ DßvÐr touolcdl ûrrlllg thð n¡n. trl!å,l]¡¡, boürcvor, a oonatanoy of

| .oo5o0. E obtalErê l¡ th¡oc trfal s o"cr a pc:rlodt of 4 bours.

4 grarns of, Eahlbale rêitr¡octl lrôE uors qtrlokly altdt.A a¿it tho nâItc,a tiE
vlgprously attrroil, t&c tcqlÇ¡aturo bo tng koBt at p5ooon f,ox scvÊm:.

ãou¡!s. lþís sÊs thc htgbcst tcqrcraturc tbåt cor¡Lt b! Ëroal rltbol3t

tcgtroylng thê åcttl¡rgi oa thc Bcohna¡a. ÂJ.thougb co¡rta¡çy vÊs

obtaluå¿l ft¡ tha f,l.rst tllål afto! tbc sdlitttlorù of, lrs¡r, tho glor

IrËnãisicnt llrlft la roaËliags latcr appcarca agia1tr,

It &ou1d bo ¡otccl that EGyoock a ucytl.tc 
(141 

¡tatodl that ovca

for a rucrourSr tber-cmcto¡ ¡ùtob bait booa saJ¡calc¿l fon tüo sooks at

A5Ooc., tbls olrccp Êtitl *8 p¡cscnt to thc cãtoat of .o0log. pcr Ary.



Ia vtcw ôf th,o allffis,rlty la wotkltrg slth a rÊ¡eur5¡

thorooûptê¡r uailc¡r ü¡ob ooadlltfoyrt, ñrrtbcr rmÍk aLoag tbfg linc

æs abandoaðd..

Durlrg tbâ 6e11brì*t1oÐ of tbo tbc¡oooouple f,or f,hc work e¡

tbcnnaL Ênil lsotbr al oralysô¡, scvorâ]. åttcÏ!Þts t'cro nailc to

èetortl.lo a posslblê dlf,fcrã¡oc 1¡r th€ flcozlng polot of, ¡uro tfu
ål¡ð tþst ooÉtalÐlag a large ry¿ount of ilis,soÌrod lroa. No 6t¡db

dlff oro¿oo !€r otlo! obtrrt¡¡rdlo
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VI . The¡mal 3,nalysiç:

A. i'BParat us ¡

3. small laboratory furnace 6-5/4 lnches external,

eLîd 4-L/A lnches lnternal dlameter r anil 4 inches higb'

was used. for this wo¡k. the single covereó. nichrome

elemeat of the furnåce had a power consumption, on full

1oad, oi 900 watts. As may be seea from the schematlo

d.lagren of Flg. J.0 , a bank of wlre-wou-Bal low reslstanco

rheostats were B1aced 1n sexl'es with the furnace. Tlxe

circuit was so arranged. that by throwing snitch K-l the

resistance of the furnace aIId rbeostat circuit eoufd be

qulekly aletenûined on a Wheatstone Brldge.

The f urnace was placed at the eentre of two eoncentrlc

sheet metal cylind.ers closed at the bottom. ?hese were

oî Lo-3/4 inches a^d It-3/4 inches dianeter. Botween tbe

two cylintters, tap water was clrcufatea. lhe furnace

rested on S/+ of an ineh of asbegtos, llning the bottom of

the inner contatner. Ttre furnace had its own elose flttlng

L1d.. Ftre Translte board, used ln the previous exlleriment,

'was so eut that this l1tt would fit tightly lnto ft'

Slûce the neutral boèy nethod of Roberts-.âusten (see

page It) ÌÍas usettr two opposed tberuoco uples were requised''

.A,s ¡vill be noted. in 3ig.10, the dlfference in voltage

between the eouples was xeail d.lrectl-y oa galvanometer G-l

(a Leeds & Northrup IYPe Ê400).
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ÍLre constants of this galvanometer liÍere given as:

C urreni; sensitlvi.ty .OO5".3 lrrtps.1nm. at I metre-

Resistånce 5â9 obms.

Caleulated voltage sensitivlty t.az,rzv./m. at t metre.

T'he galvenometer was used. wlth a reading telescope

to which was attached. a ïetre stlck as a sca1e. Ås thls

telescope was usod at a dlstance of 4-L/â feet from tb.e

galvanome ter, tbe above mentioned sênsitivity was

considerably enhanced.

As prevlously mentioned (paCe 59) the theruocouples

uere Ft - Pt lo/4oBh, useal ia conJunctlon with a Type K-l

l,eeds & Northrup ?otentlometer and. a Leeds & Northrup

Type P ÏÍalL Gah¡anometer ' G-4.

As u6O gran sanples of Sn wgre used, the neutral body

was a block of coppêr of welght .J.80 grams, this amo unt

having tlìe same hest content. The iunction of the

tberuoeo uple was at the centre of thfs bloek.

Orlginatly, the tin. sample anct the oopper block were

put 1n Vltreosil Silica Tubes, whlch were wate¡ cooledl at

the top so tbat they couId. be stoppereal and the eontents

malntalned. u¡laler vac uue. llowever, crystalllzation of

the silioa oceurred.' and. tbe aethod was, of necesslty,

abandoBed.. Instead., the sample was placed in e Salama¡rd'er

Grapbite Crucible and covexed. rryith charcoal. The copper

bloek was keBt in a closed. porcelain tubo. l'be oÈaraoa].

corclfrg a¡ u6ca ¡rlth tho tln sa:nplc l! a¡ etta4I,t to kocp auúaoo

o:riilatlon to a :¡LlL¡n¡n.
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B. Ereqeduxr:

For tbemsL alalysis, cond.1tloûs must be absolutely

reprod.uclblo, trial by trlal. For accuracy, lt 1s not

onJ.y necessary to have l1near cooLlng of the furnace,

but also ebsoJ.ute constancy of environment, so that the

N€wtonlan oooling effeet is not a yarfable, cbanging wltb

room temperature. fhis was achieved here by havlng tap

wate¡ runnlûg eontinluously at a steatly rate. the

tæperature of the running watar 1s qulte eonstant

eno ugh for tbe temperatures involved bere,

It was fl.rst necessalïr to calibrate the furnsce to

glve llnear cooling. This rÍas ilone by flrst deterulning

the oircult resistance by the Wheatstone Brldge for various

rheostat settings, the settlngs belng Beaeured tlistances

from one enit of the rheostat to the travelling tap.

9frst, a run was mad.e by heatlng tho furaace to l0o0oc.

and. then cutting off the heating current entlrely.
femperature readings were taken every mlnute untll the

temperature haal dropped to 2¿5oc. Î'he resultant plot of
tenpereture agaitrst tine allowed en initl,al estlmate of
the requlred heating euuents to be maale. 3. controlleËl

oooling e urve was tben taken, adjustüents belng matle

every nrinute to the rheostat settl.ngs. Á"1J- settings

rere mad.e by meas urir¡g tbe posltioû of the travelllng tap

from one ond slnca the tlne nargl¿ was too snall to allow
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a potentlometer readLng aad. a rheostat setting every

minute unless the latter could be sinpllfled, to a quick

motion. The p]-ot of the values ob talneê. 1n thls run

was useal as a bas.ls fcn the next trial. After several

such trials, a rery good. stralglrt l1ne lqas obtalneai.

Ttre rate of cooling was deteruined by the sl-orèst rate

that the furnace would free-eool. 3.ccord.ingly, a rate

of about \-A/SoC. a ¡dnutê TÍas used.. fhls nade the

length of one run about 4-1/4 hours.

Ílbe thex1r¡â.I analysls of samples was then caryied. out.

IBl.ttal-Iy, a b].enk on ptrre ttn was run. Íhenr the sample,

1n a salena¡d.er cruclble as alescrlbeat above, haat .056ø Fe

adcted. to Lt in tbe fonß. of flne Me"ok lron wlre. îhe

sample was be lti at goooc. for about ]-0 h,ours. A eooling

curve was then taken ln the followlng !¡anx¡er. fhe furnace

was lLnea¡ly eoole(i by uslng tbe. requireil ad. J ustment evory

minute, potentiometer read.ings for the temperature of the

samBle also bolng natle erery alnute. At the seme tÍme,

another observer, seated at tbe ¡ead.lng telescope of

galvanometer e-I (F19.10) recordeal the corresponding

reading. Th.ese seaLe readings are obYlously q measure of

tlre difference 1a t€mperature betweên the tia sar$J.e unaler

fnvestlgatlon and the copper block.

Latex, the iron conteÌat of the sample was lncreased

to .ïy'o, uslng Kabtbaum iron, and then to ÚÃ.

ftre autbor wlshes to acknowledge, bere, bis gratltutle

to tbe many students, both grad.uate and. under-gratluate,
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who reeorcled. the aoove galvanometer read.ings, as,

without thelr asslstance, the above proced.ure wou1d.

have been pbysically lmposslble.
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ïrII. Isothonmal .A.nalysls:

"&,. fhe El-ectronle Control Clrcul-t:

1. fntroaiuetlon¡

In order to carry out any Ísother¡aal investigation,
sone methoal of naintaining constant temperature must be

proviclecl. The therîo regulators 1n use for ord.inary

and motlerate temperature ranges are not aataptable to

f ulnace temperatures.

ftr.e theraal iletector ( 1.e. the measuring a;îA./ or

control.ling elemrent) is notually elther a platinum

resistance thernometer or a theruoeouple. sloee the

folsrer, and 1ts accessories, we¡e not available, a

thermostat had to bo prepared uslng a thermocouple as

lts tietector.

The control used was ilesignett for air-bath furnaces,

electricall-y heated by wire-resLstance elements, (â. long

t ime 1ag ls an i¡rhorent characterlstlc when covered

resistance eLements are used." )

There are a number of temperatwe controls descrlbed.

ln the literature('l'l ,78'79) Ìyhich wt].l glve a higher degree

of preeislon, but wlrlch lÌave limltations as to tenperature

range, varlation 1n power liÂput to the furnacê, or time ].ag.

The llmltatio¡r ùn tenperat ure range is us ual-ly

lnBosed by the range of the pLatinuûl reslstance tlrermome ter.
trfhen a thermoeouple is used as the temperature detector,

the lirnit is dêtexninett by the refraetor¡i nature of the
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e].ements emptoyed-. Thus, for a t urigs ten-molybdenum

couple, temBeretures in excess of â000oC. may be

contf,o11ed. llre furnace being thernostatted in this
investigation had a nichrome element, pemltting
operation up to 1000oe. HoÍ,rever, a. furnaee enployÍng

tungsten windings 1s to be constructed by 0.8 .Skiruru" 
(69 ) .

Íhts wi!.l permft the attalnlng of any ôeslred temperature

up to 300ooC.

In prevlous. eilcuits, a thyratron ïras used., in
serles Ìvith the furnace, as a current regulator by

eontrolì-ing the relative phase of the grid. voltage.

Hoj1fevêr, such clrouits a¡e not appllcable over a wiôe

range of polrer consusption, nor do they lend." thenselves

read.ily to either frequent changes ln the requlred

temperatut'e or to changes in the furnace wincllngs.

Ttre regulation of temperat ure uslng the control to be

descxibetl (f1e.11) has been simBJ.ifled to two manual

adjustments: the setting of the serles ¡esistance )l for
approx¡¡mate temperature, and tbe ad.justrue[t of tbe

opposfng e.m.f. for the the:rrocouple (Resistance R).

Sinee this control uses a xetay to shunt a portion

(S) of the se¡ies reslstance, lt affords no Bractical
].inltatfon in the power de]-ivoroô to the furnace.

Tlorïever, to galn ln this respect, continuous cont¡ol was

sacrificed.; the effect of dfscontir¡uous eontrol may be

miaimized. by keeplng the shu]3ted portio.û of the serles

resistance as smal-l as possible.
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The tbyrêtron cireuits depend upon the l1ght

intenslty falling on a single photo-cell. It was felt
that d.lfficulties in malntaiaing a constant lfght source

over long periods of tfuíe might ar1se. .A.lso, with the

sfngle pboto-cel-l. thore 1s the danger that a¡r appreciable

time lag in the furnace wl1l cquse the 1lgbt to nrove

corçletely off the ce1l, aad thus all oontrol would be

1ost. flbe chief advantage of this slreult is the use

of t¡ro photo-cells, one belag enployed to open, a¡d the

other to close, the shunt. If the ll.ght bean passes

elther cell, the proper actl-on is accompllsbed as it d.oes

so, and. the llgbt must eventuaLlg 3et urn to the opposlte

celI.
e. DêscriDtion of the Circult:

ft¡is eontrol cireuit was designeð by Bruce C. Lutz,

foxüerly of the Ðepartnent of Physics.

In order to give a complete xecoril for others wbo

may later use the set constructed for this fnvestigetlon,

both a general s wünary and a sather nþre ltenizeð

descrlptlon will be given.

(e) General Sumary:

Tho eircuit of tr'ig.J-2 consiets of the followlng steges:

tho relay tube, a 6s6; an Ecolos-Jordan eircuit(80'81)

consisting of two 6Cãrs; and two pulse elrcuits

funetionfng al.ternately. Esch of the latter oonsists
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rjI.,$cÎRoNIC CoNTR0L CIRCTnq

R1 =

R2:
Rg33oo"
Ik = loo'ooo '
R- = 50.000 tr

D'
R6 = 4oorooo 'n

a7 : 4oo 'ooo 
rr

Rg = 2orooo rr

89 = ¿5'ooo r

Rto = 1o0r0oo n

R1]. = 100,00Ð r

Rla = 5r0001000 r

Rtr = 15 r ooo ¡r

al+ : 251000 '
Rl5 = 51000 o

Rlg = e5rooo ''
Rtr = âo r ooo 'l

Rle = loo'000 o

Rlg = ]-oo,ooo n

Reo = 101000 r

LEEE}¡D FÛÊ FTG. ]-E

rz]-

nzz

R¿g =

Rz+ s

Re5 = 5r000r0Q0 o

R¿o = 10 roo0 rt

Rzq = g3orooo rr

RÊe : 500 tl

Reg = loo 
' 
ooo rr

t1 = .005 mlerofaracls

ë2 = '06 
tt

e6 = .01 {r

64 = 'OO0O55 !t

C5 = .OOOO55 !r

c6 = 'oob tr

Ç7 = .05 rf

o6 = .or rr

ca = 24 r

11 = 30 henrles

TJ,BLE NO. 2

350,000 ohns

Lo,000 tr

J-5r000 ohns

å5,000 i!

51000 n

¿5rO00 a

Pr= IIa$mond" til)e 275.



-55-

of an 884 thyretron usetL as a saw-tooth guourato"(88),

a 63'5 used. as a bias anpl1f1er, ând a g¿Z pb.oto-tubê.

fhe relay, an Ånlneo rt$ upersensi tiver Merc ury Relay,

is actlvated at 1.0 mf ).llalaperes, and. releases when the

c ument is retluced to below p mil].iamBeres. llie eument

is cont¡olloct by the bia6 on the 636, as this tube is In
serles nith the re].ay. llre blas nay be either of two

vaLues as determlned by the cond.ition of the gc cles-Joralan

elreult. Thls eLreult has tÌvo stabLe conalitions, in
elther of whlch one tube is cond.uc tin€ while tl¡e other ls
cut off. When the rlght hanat 6Cb ls eut off, the bias on

tho 6F6 all"orrys the tube to eoaôuet the necessary l0
milllanperes to close the relay. 1¡lhe n thls 6Cb is
cond.uctlng, the relay current is reduced to below ?

miJ-liamperes. îxo ïA,l-50/90 1n the voltage divider
peruits a maximum chenge in gtid blas, at the same t 1me

reduqiûg the d.c. d.rotr! across the grLd re turn resistere
Ítre Ec cl-es-Jordan eircult 1s alteredl from one stable

eondition to the otber by applylng negative pulses to the
grid of tbe tube to be cut off. fhese pulses are formeti

by passlng a saw-tooth !Íave fron a õta¡d.aral type gg4

Élreep ôircuLt through a tlif ferentla tlng clreuit. In
Flg.lÊ, the upper 884 thyratron supplles negative puJ-ses

through the d.lfferentiating cileuit, 0g RLg, to the griat

ôf the ri.ght 6t5, cutting lt off aûd closlng the relay.
In a sluilar mannêr, the 1owêr 894 funetlons to open the

relay.
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The sÊrir-tooth wave is only prociuceal wheo the bias

on the thyratron is lifted to a polnt where the tube can

Ðfirert. fhis bias ls control.Ied. by a br id.ge eircult
witb. a 6F5 forming a variable resistance element in one

arm. ïYhen the 1lght falls on the correspond.lng photo-ceII,

the negative voltage drop across the grid. return resister

of the 6F5 1s lncreased, causlag an .increase 1n the

resistance of this arm of the brldge, th us pernlttlng the

884 to furxctlon. fhe 6F5 1s a hlgh gain tube, and. care

must bo taken to prerrent oscltlatlon lf the leatts from

tTre photo-ce1l are Long. Ëlowever, since this 1s a d..c.

ampllfier, lt 1s pornlselble to use a large by-pass

contlenser frorr plete to grouü.d.

{b} Iteaized Ðescrfptlon:

nle 5Y4G tube 1s a fulI-wave reotifier, which delivers

ãÊ0 volts d..6. to a series of voltage divirlers connected. in
paral-lel across tbe output. Tbose voltage alividers supply

the correct operatlng voltages for the various electron

tubes used..

Y'fhe $ no light fs shia.lng on the upBer 927 photo-ceIl

of I'i9.1â, the voltage across it is the sa¡e as the

potential drop across resistance R1g. lltren, however,

1lght shines on this cell , the light sensitive surface

emits electrons, i.e. the ceII cond.ucts, and the Botential
of the &nod.e tlecreases (beoomes less positive). As the

grj.d of the upper 6F5 is tied to this anode, it Likewlse
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becomes ]-ess posltive, or more negative. This ehange

in blas nou,tts offrf the 6F5. As this tube is no longer

oond.uctlng, the potentla]- at the 6F5 anod.e lncreases, i.rr

turn maklng tlre grid of thê 884 thyratron more posltlve.

llrls allows the 884 to become cond.uctlng. (If desired.,

thls 6F5 may also be eonsidered as one varlable

resj.stance atÍr of the brfdge net work R1, R1g, R14,

6F5 with the 884 connectetl between two corners of tbe

at j.amonil. ) The 884 tube 1s eonnected. to act as a sew-tooth

geterator, Gontlenser 62 being chargetl thr o ugþ R4 urid.er a

constatrt poteatlel untll the potentlel aoross C, rises

sufflelently to cause the 884 to nfiler, i.e. rapidly

d.lsehargê te. The c,ond.enser then beglns to cbarge âgatn.

fhe "flring thus qontfnues as.long as the llght ls oo

that photo-cell. Ðuring the t1¡0e. of ebargi.ng, the

Botentlal- 1s ltcreasing a]-nost linearly, aûd. then. drops

rapldly to zero on firing. TÏris lead.s to the alêsignatlon

of a saw-tooth wave for¡n.

îhis saw-tootb generator then feeds to a d.iff eron.ti ating

elrcult, Cg R19r whlch converts tbe saw-tooth to a serles

of negative ttpipso; each pip corxeÊpoâd.s to one ff¡rlng of
the tbyratron. At the flring of the 884, the potentiaL

on the ].eft slde of Cãr nhleb was constant d.uring charglng,

sud.denly d.rops, causlng a negative pulse to come from the

rlgbt hand siile of 0U. i.s the Ca beglns to charge agaln,

Cg reswnes Lts previous constant potential, henee the tem
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d lffexentlatlngn.

ltris negative pulse from C5 make s the grid of the

¡lght hand. 6c5 negative, preventir€ the tube from

conductlng. ftris, ia turn, xaises the potentlal of

tbe anode of thls tube. *,s this enode is eonnected

to the grid of the left hand 6cSrthat grlal beeomes more

positiTe antl tbe tllbe coBdt¡ots.

Á,t the s ame timer slnce. the right hand. 6C5 ls eut

off, the potentlat of the anoile fs raised. flrls supp]les

suffÍclent blas to the 6F6 (through the intelsediate

VR150l30) to aLlow that pentott€ to conduct and operate

the relay.
lffhenL the llght falls on the lower photo-ce]-l, the

pulses are slmilarly transcltted to the grld of the left

hand 6C5, cutting 1t off. This, 1n turn, raises the

potentlal of tbe right band 6t5, whlah may now cond.uct.

Tbis, then results in the euttlng off of the 6F6 and the

aceompanying reloase of the re1ay.

5. Åuxiliary llpparatus ¡

Ihe coatrol ltself was mo unte d. on sn I x 12n metaf

chassis, equippeit with e toggle switch, 2 ampere fuset

pitot-L1ght, eto. fbe oonnections to the relay and. the

photo-ce1ls were thro ugh plug coanectors. T'he lead.s to

the pboto-ceIIs ¡¡ere of metal-sheatbed eable, ttre sheath,

as wel-l as the chassis, bein€ grounded.
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The galvanometer, sllt light source, and photo-ce}ls,

of !'19.11, were mo unted. 1n a wood.en box. -å scale d.rawing

ls shown 1n Fig.15. T'he galvanometêr tras a Leed.s &

Northrup Type 8400, sensltlvity .005 nicroamperes per nm.

at one uetre. -A.s the operati¡lg d.i'stance from photo-ceIls

to galvanometer was approxlmately 5 feet, this resu.Lteð ln
a very sensltive arrangement. Â Westlnghouse Maz tla

f8550 autornoblle head ligbt bu].b Ìras used to supply the

]-ight. It was operatêd on sllghtLy ].ess thaû 6 volts .4..C.

fhis llght was so pl-aeect as to be at the focal point of a

large eonver coJ.lectlng Lens of focal length 5 cm. This

lens had a s1lt opening, thus yleldlng e llarrow beam of
parallet ]1glrt, which was reflectod. from the galvanometer

mlrxor back to the photo-oells.

"4.11 parts insid.e the box were blaekened. wlth lamp

black to eut d own lnteraal light reflectloû. ,4, shlelded

opening was made in the ].id above the lfght bulb for
conveetlos cool-ing.

fhe constafit baeking e.m.f . of F1g"11 was supplled

by three e-volt lead. batterles in paralle]- (B) connected

to a å001000 obm resistance (P) ancl a subdlvitted dial.

reslstence ¡ox (R). Tbe values of R coutd be variecl as

wished., to supply any e.m,f . clesired. for opposing the

thernoeouple e.m. f .

4. operetioE:

Certain of the crltlca]- operating dats of the cont¡ol
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cireuit are glven in Table 3 for r€ference Ln maintenance

of the set.

nåBL¡ N0. 5 - fhe PossibLe tritical
Opef,ating VoJ-tageõ of
the Electronle Control
C lrcult .

VoJ.tage
acros s

Rao

R16&RA  - 126

R15 & RZg - 24 rr

R¡.4 & R¿¿ LZA I

R1g & R¡1 - 67 I'

R,r & Roo - O volts when ligbt off cell,
50 volts when llght on cell.

Rr & Roz - 65 rol"ts when llght of.f cell'
15 to e0 volts when llght on celt.

(must <lrop to below 40 volts to operate).

Rlz - 62 volts

Sentre tap of
R¿9 to Gro und - '12 volts.

Te¡y little difflculty was etrcouatered in the maintenaace

of the circult. luring the leitial tunlng stage, lnany parts

were functionlng und.er consld.erabl-e overloaal for up to flve

hun.d.red. hours. frris tlne has not been reekoned. in the time

of operation. fhe 5Y4G rÍas replaceð after 1050 hoursr

serviee, and. the two 987 photo-ceIls after âå0O hours. ÎIre

eireult has had i.n exeess of three thousand hoürs of

thermostatting oBeration, havlng run as ]-ong as two weeks

lqithout being shut off, aad. the shut-dorÍas Yrer e us ua].ly of

- 5e0 volts
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only a few hours d.uratloa.

Tt was fo u¡d neeessary, due to interference from

the control outfit, to shieltl the leads from the

tbei:nocouple to tbe galvanometer 1n gro und.ed. metal-

easing where cLose to the set.

Ment ion should. be nade here of the present operating

cosdition of the oontrol circuit relay. It ls to be

noteð from Ffe.lÊ that the polnts of the electronlc

eircult to whlch tb.e rolay is connected are &t about

3&O volts above ground potentlal. Fig.14 shovis the

actual- wlrlng of the relay. It is imted.iately obvious

that, since the hattery booEter suppl-ying the necegsary

6 votts d".e. to the retay bas a o ommon te]3qlnal wfth the

electronic eontrol, a posslble danger exists for a worker

not fanillar wlth the circuit. Accordlnglyr as the

clreult w1ll remain in operatfon, 1t ls srrggested that

the wires marked with Xrs be romoved and replaced. wlth

those represented by dotted liaes. In thls way, the

battery booster w1II be entirely lndêpend.ent of the

contïol circuit voltage, and no potentlat hazard wlll

exist.

B. Othef rlgpgxa:ll¡q:

ft¡e eompJ.ete wlrlng d.l agraxn Yras as shosrn in Fig.15.

Ítre furnaee and surroundlngs were the same as for the ¡qo rk

on thermal analysfs, thus provld tng the eonstant
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tenperature environment wbicb ls essential for
lsothermal work. glnce it was necessary to thormostat

the furnace for prolonged perlod.s of time, as long as

10 clays, it was ne ce sse.ry to use a thermostat for the

co]-d j unct ions of tbe thermocouple. thls theruos tat
rras riaintaineö at gt. 7oC.

The swltch K-l of Fig.L5 alLowerl the dete:mûlnatlon

(wlttr K-2 open) of elther the controlling e.m.f . from

the batteries or the lro]-tage from the thernocouple.

P1ate 1 gives a general vie$ of the oonplete

experlmental setup. To the e:rtrem.e Left are the

rheostats oontroLllng tbe voltage to the automobile

head-l1ght bulb of the eontrol outflt. Next ls the

shlelaleal photo-cell box of fig"15. Betüeen this and

the Botentfomêter ls tbe aontroL outfit mo u]}teai on a

metal chassls. To the left of the furnace, wltlr its
constant temperat ure environnent, l1es the therwostat

bath for the eo]-d junctions of the thernocoupLe. Ia the

lmmed.iate foregrounil J.s a refrigerator used for the

quencbing of samples.

P1ates å, 5 antt 4 glve a closeup vlew of the apparatus.

Plate 3 clearly shows the g¡ounded ooaxlal cable nsed. for
tbe'connectlon of the photo-celJ.s to the control elrcult.
Immed.lately 10 front of the ehassis, the glounded shielð

used for the galvanometer lead.s ûÞy be seen. to the

rigbt of the eontrof set ls a relay that was used. l"n the
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later¡ stages of the ¡qork 1n placo of key f-â of Fig.15.

This rolay ofrened..ln the event of a Boner fallure d.url ng

the nlght, thus Brotecting the galvanometer. It was

lnstalled. beeause of tho frequevrt se?ere electrlcel
storms whioh prevailedt 1n this locaI1ty during JuIy antl

Aus u.s t .

C. Procedule:

fnltlal.ly, tbe sanples were placetl in $alamand.er

Glaphlte Crucibles, a¡d were coverecl with powdered

grapl:lte to prevent oxldation. .4" tln sanple was usually

from A5O to 900 grams and eontained 5 grams of fresbJ-y

pollshett fine Merck lron wire. The latter was we(lgett

lnto the bottom b.al-f of the crueible before the molten

tin was poured onto it. If the wtre was not wealged ln
the bottom, the entrappetl air wotrld make it float to the

surface. Trhe s amp].e was fnflned.iately coverecl witb

powdered. graphite and. placed. in the fursaee. flle

thennoco uple case was then placed. cllrec tly la the melt.

flre sample, thus prêpared., was heated. to between 7000 antl

8O0oC. for flve hours, after wbloh 1t was thermostatteiL

at the ttesireal temperature for several days. Slnce fine
wlre was used., alJ. the iron adctett in etçcess of the

solubllity l-1m1t reacted,on heating, wlth the tin to fom.r,

at the bottom of the cruelble, the stable so].ld. phase for
that temperature reglon.
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Severa]- attempts were tnatle to pipette moLten

ana.lys is saaples from the top part, using varfous

fllter arraagements. However, the proteetive eharcoaL

layer on totr> of the senple prevented. this.

"A,s a result, it waa d.ecld.ed that the only atternatlve
lay la quenching the õanpIe, hark-sawÍn.g 1t down the

ceÊtre, ancl taking tlrll]. sanples from thê top half.
4,11 analyses 1n this, and the succeedlng work, were

done coloru.etrleally (see page 54). Sam¡rles obtalned

1n tbls ¡aa.nner gave no consistent results. [ioroover,

a poIlshed. aud etched cross-seetlon of one such ssnple

sbowed. no mÊrked. tendency of excess solid. phase to

settle ( presuaiably due to the el-oseness of tbe denslty

of the solidl phase to that of J-lquid tln). tslng the

values of Ehret & lïestgren(50), the eal-culated clenslties

of sclld phases are

a/ ee.
t!

X'eSno
FeSn"

'l ,3L
,l .64

The density of molten ¡1s(85) 1s 6.8? at 4o0ot.
6.81 r. 500
6.76 r' 600
6.69 ll 700
6.64 r' 800
6.59 '! 900

As 1s lnmed.lately apparent, thé dlfference 1n cienslty

is not great. Probably, wlth sufflclent time, settloment

r¡o uId. have been eomplete. HorÍever, tiDe was an important

factor fn tbe lnvestlgatlon¡ aecord,ingly further work

along tbis liae eou]-d. not be pursued.
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fhe fo lLowlng method. was found to gi.ve very

satisfactory results up to 6OOot. The graphlte

erueible was l1ned. wlth aJ. wrd.un poTvaier in the foxn of
a water past6. This, on dryiD€, garÞ a very sturdy

crucible th,a't coutd. not contaminate tTre samp]-es,with carbon. fhe

lron was aclðed as before in the f orm of flne iMerek wlre,
the tin boing poured 1n after the pollsbed wire was

wed.ged et the bottorr¡ of the crioible. The sample was

tben iumed.Lately covered wlth very fine rragnesia poïrcler.

Ehe samples prepared ln this way were placed in the

furnace, the thermoco,uple case was inserted. in the aelt,
aad the furnace was brought up to the desired. temperat ure.

and eaintained. tbele. A considerable variation in the

time of theræos tat tifig was usecl. Thus, J.f all_ polnts

fell on a snooth eurve, a better guarantee of equllibril.m
was obtalned.. 'Itrls would. not have been necessary if the
prevlous method. had. proven sultabS_e, th u,s sjll.owln€

equllibrlum to be approached. fron both sldes. .A.t the

end of the required. perlod., the sampl.e was qufckly removed

frora the furnace and. quenched. In vLew of the previously
observed. slowness of settling for s uspenaled soLid Bhase,

there was no need for the rapid. quenching required. for
mlcroscoplc or X-ray samples. AJ-l samples were, howeyer,

cold wlthla three to five minutes of removal from Ure

f urnace.

The quenched. sâ74ples read.fly fell fron the crucible,
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thu€ 6llnl¡atf¡S the úeoesslty of sEasht¡g tb6 eñrelÞIe.
fhe sanples w6r€ cut tlow¡ tåe oeatro, a¡r(l atrltlf¡gÊ

taken &on a horlEo¡ta]. row as close to tbe top as

poselble. Sepa¡ate aùrfltf¡g¡ rere alslô eå.ale f¡o[
aßotlr€r rew Juãt bslos the fiÌst. Che€k re Á¡1t6 o! tbê

abovê tro sanlrl€E r€re obtal¡¡oat up to 5ã000.

It shou].at b€ aoteê that at tb løor terrpelaturree

tbe solubtllty ôf, the lr@ ooul,ouåal la tla nã saal tb¡t
rtlth aB ordfnalf¡r 6ofü steel atrltL btt aa ap¡rreclable

anouat of lro¡' raa ailõed f,¡on the blt. lhe soft Bte€l

ûrtlls wouLl lose .OOOI to .O0Ol5 grans Þlght sht lê
obùaþl¡g one aueh sanlrle. Norí, ¡OOO1ð gE. lÊ tã grans

of saqrl€ corrs6l,o¡d€ to .OOlf F6. Thê solublltty of,

lroa oo¡nuail l! t!¡ at ggooc, ms foutrd to be only ¡00?y6.

¡€cor¿lagty, alt allillt¡et üere tekèû!.wltb a blgh EI,eeil

tuagsten eteel bit. Sveu thls .¡,ost about .OOOOõ grâ1¡€

reLeþt alurlng eaoh drlX.Illg.

O¡a ileterll[fDâtlon m6 Daals åt A?OoC. blr pta€lDg the

ean¡ùe la an o¡At!åty m¿f,flê f,ur.Eeoo for ã-lU Feks.

the terl¡e¡atu¡s ooatlol here uae ¡o bett€! thal I l5o0.

but thl8 raô uetmlþrta¡t dlu€ to the st€€p¡€ês of, tåê

J.lqutalus la t¡hl¡ regloE.

trror têÍ'F€latures åbovê 600oC. tbe¡e çpeareil a latkoal

illscrepancy fe t¡o¡ conteat bgtüeon the ùro firrÊ of
l1rl,11in6e, tÀe upp€r låyer glT1lg a ].oFr asoa¡r. l¡breoyer,

soæ goolla sag f,o¡reit oa the fi¡¡face wlth theee salqrlêg.

No l¡Irrov€¡ ¡tt was obtalaê(t by us.lag eoLtcD salt 1åyerð



_65_

as a surfaco protectj.on. An anê].ysis of 5 grânîs of
this scorla gave over 66¿/o îe, or about 85ø FeO. , Thus,

it was apparent that the lron was being preferentlatly

burnt out of the alloy.

Fll1in€ the funnace with nltrogen (99.8%) ðirectly
froü a comercial- cylincler wlthout further pur1f1cat1on,

and al].or,,ing e slow stleam to flow througb the furnace

during the period of therqostatting, did nothing to

lnîroYe this t¡ouble.

In an attempt to prevent this oxid"atioa, pol-ished.

iron wlre vras plaoed- at the bottom of a stand.arci 8x1 inch

Pyrex test tube and the requ:ired amount of moJ.ten tln
was pouxed 1n (about 100 gra¡rs). Us ua].ly about 2 grams

of flne ÞSerck wire (about 5O feet) and 6 to 10 grams of

Cenco wlre (about 6 pieees) were used. The sample was

tlien put und.er rracuun using a ¡rater pump, heated, and

geatly tapped. to.l-lberate t'he many large air bubbles

trapped. 1n the wire. The tin was then alJ.owed to soJ-ld.ify

while stllL ulld.€r vac uum. ttrlhen cold., tÏìe tu'oe tras sealed

under blgh vacurm, the seal bein€ nade as close to the

metal surface as poésible. tÏre glass capsule so formed.

was placed. in a crucible a¡d was supported by alûrd tm

porvcler so tirai; the shape of the capsule wo u1d not cbange

wh11e 1n the furnace. Very ôlean samplês were obtalned

in this way, the only ecoria present being that forme d.

while the sample was heated. to remove entrapped air.
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DriJ-J.lngs were taken from the top part of i;be quenched-

sample by dri].]-ing straight tbrough ni tho ut f lrst
eutting longltuðlnally. the lio.uld.us was lnvestfgated

from 6oo0 to 9oooc. ln thls nanner.

For tbeso samples la sealed. gl-ass êapsu1es, the

tenperatures detersined v¡ere those of another sample

of tin so sltusted in the furnace that both wo uld b€

at tbe same temperature.

Since the f wnace was circular, a¡l d had the beatlng

e]-eÛaent wo u,nd. uni forraly about lt, tberê is l1ttle tlanger

that sl¡metrlcally placed samples did ngt acquire tÌre

seme temperat ures.

å,11 analyses for the glass protected sampies ltere

run colormotrlcally; check results Ìrere obtainetÌ uslng

tbe volrmetrlo methoð (lescrlbed oa, page 96.
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REST'IG¡

I. fhe Dete::ninatlon of the Eutectic Composition:

ifsl¡g equatlon 2 (page 6), naarely
I

Ar- - RfonLt
¡r 'L 1000 L3

where R = I.98? cal/moIe,

Lf 3 1660 cal/mole,

the ealculateô atifference.1n the freêzlng polnt of

speotroscoplc tin and. absolutely pure Sn is
?b .Ag¡ = "ooogoc.
Cu = o0048

Fe : .0105

Às = .0005

lsr = ãFc'

It is apparent f¡om the åbovo t]nat Z/g of tbe

freezing poÍat d.eBresslon for spgctroôcoplc tin 1s due

to its Lron oontent.

In work wlth the BeaþÞrltr themometer, eonstancy

of freezing polnt was obtalneal to within '0OAoC.

Ilowever, because of the difflculty 1n obtalning consta-acy

ln tb6ruoneter settings, it 1s d.oubtful if better than

'otoc ' can be claimeð' llris, then' 'lvo u1d' set the

euteetlo val ue s;t less tban .OO${o Ee.

On page 45r it was mentionett that a trial wlth the

Ft - PtRh thermocouple was made otr tr¡ure tln and. lron-rich

tin Ln or¿ler to aie temine r¡hether any di f ference co uld be
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detected. No difference r¡as aletectible, but thls methoit

was by no means as sessitive as the Be ck¡naan results.
However, lt d.id guarantee that the eutectlc d.epressf oa

was J'ess than .1o0. coruespoûalln€ to less than .OLU/o Ee

prêsent 1n the e utec t ic.
Work on the isothernal stuciy gave a very accurate

measure of the eutectic composition. At 5a9oc. the

solubllity or irïfillsdfiquiai tln was found to be .o0?5/ope,

wbíle at â?OoC. 1t was .OO4ôfo. Jofnlng these two polnts

by a stralght line gives a val-ue on extrapolation of

.o05o å .0OIO/" Fe at å5¿oc.

In vlew of tbe extreme steepaess of the curve, thj.s

extrapolation is quite justlfiable" Actually a value

obtainôd in this way wou].d tenal to be low rather tben

high because of the slight a urvat ure that must b,e present

in the ]lqultlus l1ne.
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II. Íhernal .A,na1ysls:

A typieal plot on a very red.uced scale, and

sboning only every tenth point, is given 1n Fig.16.

This graph is for tin containing .0561ö Fe. A plot

(not shown here) was also made, on a very eÍpand.ed.

seaIe, of the cbenge 1n galvanometer scale readings

per míaute against the tenperature of the sample, i.e.

7)r'...- vs €, where L 1s the scale reading of the galvanometer.
L\I
This is a falrly sensitfve Blot, ana correspond.s to

F1e.ã{d.) with tbe axes lnterohanged".

No break 1n the cooliûg rate eo uld. be d.etected oú,

this curve. Likewlse, no break was observed. for the

two higher iron ad.d.ltions, .5% añ Úo, whioh n¡ere

stud.leð in tbl.s manner.

An aaalysls of the tin, later, showecl this r¡as an

actual iron eontent of less tinan 2tþ.
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if I. f sotbe:mal ¡rnalvsis :

À11 the results llsted. beLow are for sarûpLes îrhich
Trere not preheated prior to bell€ themostatted.

fÅ¡[,f 4 - Iron Content of Samplee
Protected by l\{egnesia Corering.

No. lemperature Tfoe of
lh erno s tatti

â5 tlays
10 it
5rñ
6Ðñ
li :¡r

21'
5rt
7a
5fir
5rt
5í
9n
5I
3rn

16 Ee

I
a
ta

5
o
7
I
ô

t_0
1t
12
1S
T4
15

.0047

.00?5

.025

.0&9

.oa2

.aza

.046

.043

.0?s

.087

.141

.169

. A<.<t

.aal

.s2

TÁ3LE 5 - Iro¡r Co]]tent of gamples
Sea]-ed unaler Vacuum- ln Glass.

¿?0 oo .
5e9
s8a
589
594
426
451
454
485
50å
548
5'16
594
606
6Bt

No. Temperature Tlme of
Thermos tatting f" ge

16
L?
18
l_9
PO
2I
qÐ

23
24

63? oc .
700
146
774
801
8¿6
846
857
895

â ctays
f-rt
2a
1n
1rt
1rt
1'l
1ü
1rî

4t

.75

.96
1.59
l-.61
L.7A
â.0a
Ê.1"1
2,78

The above resuJ.ts are plotted. in I'ig.l7 and Fig.IB.
Fig.J.? shoÌi's the whole renge of the liquid.us strdied.
Fig.18 is a greatly enlarged viev¡ of a small section
from 0 to .85fi iron.
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It was mentloneal earLj.er that from 55OoC. upwards

the total f¡ee lron content at the end of the run was

very much lower than the a¡no unt orlginally atld.ett.

Below are llsted the results obtained. i.n ssmples that
were afterwartLs rejected lrben i.t was reallzed. that
oxidatlon hatl oceurred.. Aloûg wlth th.ese are lÍsted
tbe values obtalned fron Flg"L7 for the so].ubilltles
at the same teüperat ures.

ruFf,f 6 - Iron Content of Sanples
Subjeet to OxÍdatfoi.

No" Temperaturo
%pere

1 699oc.
2 lÛg
3 75L
4 770
5 796
6 808
? 858
I 87e
I 894

.59

.098

.a00

.58

.2J.

.96

.e6

.58

.s,2,

.185

.71

1.38
1.58
l-.61
1.6A
a.09
2.25
2r'79
tit9341o
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DIStUssIoN o.q _RE$Ul,rs

TLre va-Iue of the eutectie composition, fo u8d by

stralght l-ine erctraBolatlon of tbe solubility figures
at Ê?0o and. g29oc. was .0080 + .ooLoø Fe. This 1e

1n very good. agreement with the limits set by tbe use

of tbe Be clõnar¡n ther1ûometer. Ttre possible error of

t .0010ø is d.eteruinêd as a naximum error possib].e in
extrapolailon due to possible errors ln the têmperature

readings and the analyses.

.In vlew -of the very Low iron content of the eutectlc,
it is not súrprfsfng that no previous lnvestigatlons

have been reported. It ls urlikely that any resuJ.ts

will ever be obtainabLe on the solld solubllity of Fe , ,'

ia Sn.

0n page 29, there 1s a quotation from a Baper by

Ilanson, Sandforal a stevens(3?) stattng that the freezing

point oî tin varied consid.erably rrl th the iroB content.

In view of the above detemlnatlon of the eutectic

eomposltlon, it wou1d. appear that thls statement was

matle rather: eagelessly.

It ig lnterestl4g to note thãt, aÊstruing the

eutectic. to,be .0050$, tlne best tín available (the

'rfulcan Speotroscoplc Tin) contalnlng .OOL5{o Fe, and

the next best .00å/o, show very little purification over

this flgure.
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It 1s difficult to und.erstand rvhy the Roberts-

Austen method. of therlral analysis did. not proi¡e at

least partially successfuL for the hlgh lron eontentt

Probably a slower rate of cooling would have achieved

the deslred. result. The d.ifference 1n total iron

added to the sample, narie Ly 36y', anð, the final iron

content, less tha¡r 2l/o, ís probably due to oxidation

of the reduced iron before it was able to eome lnto

actual contact with the tli¡.

The electronlc eontrol clrcult proved very

satisfaetory ln the isothermal lnvestigatlon. It
was fouad that saJIlBles coultt be thelTlostatted.

inalefinitely to within È SoC. of the deslred temperêture.

ÍIoweveï, the geome try of the opticel system could bê

lmpr oved sligirtly, if required'r in ord.er to fnerease

tTre accuracy of thelßostattlng. T'or work in thls and

blgber temperat ule ra¡ges, 1t 1s very unllkely that

more âccurete control r'¡i 11 be needed-.

Inelud.ing the possible errors 1¿ the ac tual

determination of the teûrperat ure of the sãItples' it

is folt that all temperat ures reported are correct to

$1thln t soc.

It will be noted that in the lso thermal d.etermÍnations '
thero was a oonsiderable variation in tbe time of
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thereostattiûg. Ås all the points ]-ay ln a good. line,

lt would. appear that at 40OoC. two days {¡ere more thsn

ampfe time for equflibrlum to be attained.. However,

the use of longer Beriod.s of time for many triale

Êerves as a deflnite proof that oqulllbrium had. been

reacb.ed. Tbis $ras the only proof that could- be used.

in vlew of the dlfficulty in approachlng equillbriwn

from supersa t u.Tati on.

The results for tTÌe samples sealed in glass capsules

ooincided with, and overlappecl, the results obtained. wl tÏr

the first samples protected only by megnesla. Thusr it

was apparent that one day was !ìore than ample for the

attainlng of equilibrium at temperatures above 600oc'

flrere appears to be a deflniter tbough not marked',

break 1n the lio.uidus curve at 496ot. (I'ig.18) . This

coiÊc1des wlth the transitloa fron FeSn¿ to FeSn' lr¡e

experlmental poiEts appear to shoF another defisite

break ln tbe reglon of ?55oC. Acc ord.ing to the X-ray

study of flhret & curinsi<y{ 51) tmu would correspond' to

tÌie phase change from Fesn to FeSSnp. It is lnteresting

to note that lîever & Reineeken(56) naa reported a thernal

anest polnt at ?55oC. for thls concãntratlon region,

but tbat Sdnard s & Preece(4g) hud lua"t deoided against

ft. ÍLre breek at 80ooc. 1n tbe liquidus for the
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transition from Feg$ne to f ls not so marked. Time

d.i- d not allolr the work to be carrÍed to I000oC. as

originally plannedr but pres uoabJ-y anotTier break

sboutd be observabte at 8900Ü.
t ao\

G.B.skinnertooJ working downward-s from tbe reglon

of lnmiscibillty, should be ab le to complete the curve

and, at the s aJ0e timer give an independent eheck oa

the uBper portÍoa of the c urve as shown in Fig'I?'

Early i* the lnvestj.gatÍon, it was suspecteô tbat

some of the previo usly mentloned' data obtained at Trail-

on the sotubility or rr%fi1Ïfdf¡¡¡rero low' Thls was

oonflrtoed when tlre fl nal values for the liquldus were

tietertined. It Is fett tbat thls dlfference ls 
'iue 

to

theaeratlonthatmugtoeeurd.Llriflgtheplantoperations,
especlally flltering, and durlng any pilot tests of a

slmilar nature in the laboratorY.

The ðata of fable 6 proYe beyond question that

lron is burnt preferentialty from tin at the higber

tenperatulces r even î¡1th only slight contaet wlth alr'

It is not surprlsing, then, tbat the Fe assays ln tTre

tin smeltetl at Kimberley are low. Jones & rh*u"s(4)

stateai- that aeratloo ocours d"uring ftthe passage of

cïude tin down the I0 foot launder and its fall of 2

to 4 feet from the end. of the launder into the pot'È

X,Ioreover, what is of even more lmportance, compressed'
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air 1s used in their flltratloa process' and. this

woultt also fevox oxiatatlon. Ttre Trail res ults

werê, however, of thê eorreet ord'er of magnitud.e.

Aceord.ingly, the primary purpose of thls

lnvestigatlon, narnely the ttêterlûlnatfon as to why

tbo resuLts of the consolid.ated Mining and Smeltlng

ûonpsrxy Llnited for tlre solubility of lroâ ioupôtinìilo ln tin

do not agree ïYi th those of the prevÍously publlshed'

litorature, has been ac comp].l sbed.

First of eII, thls l-lterature showeti solubillty

that was far too high; anal, secondty, the plant

proced.ure at Trall yields results whlch are low€r

than wo uld. be elrpected.
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ËUE{A¡g

å. eoatrol eLreult Ðas iloslgnedl for r¡s€ 1l¡ lsotbê¡sål

l1¡vestigation, it penoits tha th€Ðoostattlng of

ar{r wire-rðãlstaao€ ñ¡rne'ra fcr tompemiu}sË trp to

at 1eå6t AOOOoO. tsêdl rfth a ¡}t - pÈ loøçh

Èhô¡.üocoupls, thê,f¡r¡,.Eaaø eay be aalatalnôA to

wtthi¿ { 5og. of å¡y alêsir6d. tonq}sz"at'rro.

llbe $rtêstls oo¡q¡oEl,tlo!! ôf tl:ou. 1¿ tl¡E hae beaa

êeternlnedl as coOSO { .0010É 3e.

l[be solubM.þ of the iron o()Irpou4as 1û 11q61dt tf¡,
ibe ltquliluõ or¡,sv6, h¿B besa iletoralneè fro& the

øoltt.g polat of tto st 23Po0. tb¡ougþ to 9o0ot.

(8ee ftgs. 1? a0al lS).

It has boe¿ found that 1¡or¡ ls prêfcreûtlelly burrt

from tlå, aatl this 1s suggested aE aa ôxplanatfoD

of the 1o$r ralueõ of sonÞ of th6 solubility data

obtaineal ia plant oper.atloae at tbe Kl¡r¡berlêy ftn
$Belter.

a.

5.

L.
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