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THE SYSTEM IRON-TIN

INTRODUCTION

Although many intermetallic compounds of iron and
tin had been claimed prior to 1907, it was not until that
year, with the publication by Issac and Tammann of a papér
"On the Alloys of Iron with Tin and Gold“(l), that a
constitutional diagram was formulated. Since then many
modifications have been made as other workers have sought
tc improve the acciiracy of the studies (See Section on
Previous Investigations).

vThe maip interest in this system has been its
application in the tin-plating industry, for whieh many
thorough studies of the ﬁechanism of tin-plating, e.g. Jones
and Hoare(g), have been made. During the recent wer the
steel mills became more interested in this system in view
of the large amount of tinned steel being returned to the
mill as scrap(g). As a result, it became necessary to
know how much +tin could be tolerated in the charges fed to
the sersp furnaces, and how sueh charges should be handled.

However, this investigation arose from neither of
the above considerations. At Kimberley, B.C., the
Consolidated Mining & Smelting Company Ltd. operate an
electric tin smelting plant.(é) The tin concentrate

recovered from the tailings of the Sullivan concentrator



is charged to a 400 k.v.a. 3 phase electric furnace, along
with the necessary coke and lime, for smelting, the slag
being skimmed at about 2200° F. (ca. 1200° C.). The crude
tin is tepped at about 1900°-2100° F. (ca. 1040°-1160° C.),
and run to a #L pot, and held there until its temperature
arops to 700° P. (ca. 370° C.). After drossing, it is
pumped to another pot, #2, from where it is pumped, at as
low a temperature as p@ésibla, through a unigue filter of
Consolidated design. The filtrate goes to a further pot,
#3, which feeds the casting rack.
| Thus, to quote from Jones and Tnunaes(4), "The

Trail method takes full advantage of the law of iron

Solubility in tifee..eee.o Iron is quite soluble in tin at

‘ high temperatures but, on lowering the tempersture to near

the melting point of tin, irom separates as a solid component,

FeSng (containing about 19 per cent Fe) suspended in

practiéally Fe-free tin. Hence, by application of filtering

methods, the solid FeSny is separated from the liquid tin,

and the iron content of the crude tin is lowered to 0.006 per ﬁﬁg
cent, In practice, the iron content of the tin is o
considerebly lower for temperatures up to 800° F. (ca. 430° Co)

than shown by published Sn-Fe diagrems. This would seem to

indicate that the published diagrams are in error in the area
approaching pure tibecceccooscscoe

®The average assay of refined tin is ¢

Fe 0.006% Al 0.005%
Pb 0,31 Mn 0.005
cu 0.006 Co 0.004
Zn 0.005 Sb 0.01

Bi 0.008 Sn 99.647 =



G, H. Wright,(s) in discussing this, wrote
#This low iron content of tin filtered at the above
temperature (about 35300.) led o0 a series of
investigations in which filtering temperature was varied
between 250°C, and 500°C,  In the course of our
experiments, we in no case obtained a filtrate containing
more than 0.02% iron, and at temperatures below 400°C,
the filtrate in no case contained more than 0.,01% iron."

In another letter(ﬁ) the results of some othef
work were gi#ea. Some tim was filtered at 560?Eo
(300°C.) to give a filtrate of 0,01% iron. This was
‘reduced to 0.,002% by a subsequent filtration.

In view of the above evidence that the literature
values for'the solubility of the irom compounds in tin
were congiderably too high, a further investigation of
the system, espeecially for low Fe content, was considered

desirable.
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THEORETICAL CONSIDERATIONS

I. Introduction:

An alloy is a mixture and/or solution in a metal
of one or more other metals or non-metals. These

materials exhibit physical and chemical properties which

are differeht from those of the constituent elements.
Prior to the enunciation of the Phase Rule, many
isolated experimental investigations on metallic systems
had been conducted, but it had been found impossible to
correlate these fragments. Although Willard Gibbs!7)
first presented his theory of phases in 1876, it was not
until the end of the century that Jﬁptner(e) and Le
Chatelier(g) suggested its application to alloys. In
the meantime, Bakhius Roozebocm(lo) had published a
series of papers deriving all possible equilibrium
diagrams from the Thermodynsmic Potential @, Using the
symbols of Lewis & Randall(ll) this function is now
identified with the Free Energy F. For eguilibrium F

must be a minimum where

FsgE-T § PV S B
Free Energy

Internal Energy

the absolute temperature
entropy

pressure

volume.

SR GRON- Rl ]
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It is interesting to note that, even though the
principles of phase equilibrium were clearly enunciated

almost £ifty years ago, Lipson & Wilscn(lz) point out

that there are still many published equilibrium diagrams

which contain details which are theoretically impossible.



II, The Freezing Point Depression and Composition:

Following the enuncigtion by Raoult of his Law
of Freezing Point Depression, viz. the lowering of the
freezing point of a solution is proportional to the
concentration of the dissolved solute, vantt Hoff
introduced his Theory of Solutions which assumed that
the dissolved body is in a state analogous to that of
a perfect gas. Using the van't Hoff concept, it may

be easily shown that, to a first approximation (15),
when pure orystalline solvent separates as the solid phass,
ATf:RTonlm o.oateooooaoo((a)
1000 Lf

where Zle is the Freezing Point Depression
R™ is the Gas Constant

To 1s the Freezing Point of the pure solvent

M, is the molecular weight of the solvent

m 1is the molality of the dissolved solute
Lf is the Moler Latent Heat of Fusion of the

solvent.,
“From 1890 to 1895, Heycock & Neville studied the

lowering of the freezing points of mercury, cadmium,

bismuth, lead, and tin, when alloyed with other metals.

They showed(l4) the freezing point depressions were

consistent with the above equation, and that the molecular
weights of the dissolved solutes, for almost all metals

studied, correspond to the atomic weights of the dissolved

metals. This is only valid for small to moderate

quaentities of solute in molten alloys. Thus, in reverse,



e

agsuming that any solute mebal is pressent in the monatomie
state, and knowing the freezing point depression, the
conceniration of dissolved solute may readily be salculatsd
by egquation 3,

In eonsidering any solutions, the freszing point is
defined as the Pirst temperature point at which the selution
is in eguilidrium with the stable g0lid phese, It mast
- aunbomatically follew that for eguilibrium the vapéur pressures
of the solld aad ligqid phases ars identical. Strictly, when
two phasss are in equilibrium, the fugacity of the substance
in both phases‘ls’, rather than the wvapour pressurs, is the
same., However, the discussion hers, of the three possible
cases that ariss, will use wvapour pressures.

Pirat, in Pig. 1, if 4B 1is the wapour pressure curve
of purs liquid, and BO of erysialline solwvent, then B,
.their point of interéeetion, gt corregpond to ths
frsezing point of puve liquid, Toe Since the addition
of a solute lowers the vapour ptessuré of a golution,

BeZe, CUrve DE of Fige 1, 1t must follow, when crystalline
solvent ssparates out, 1% is in equilibrium at a lower
temperature than T, since DE intersects BC at B, which
eorregponds $0 T'; a 1ower‘temperature than T,s The
exact amount of iowering is given by equatioi 2. As

solvent freezes oub, the solution becomes richer in
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solute, and hence the freezing point is continually
lowered until the eutectic is reached and complete
solidgification occurs. The equilibrium diagram for
this case will then correspond to Fig.2(a). Here
there is a eutectic with no solid solution present.

If, however, instead of having pure solvent as
the solid phese, there is crystalline solvent containing
some solute (less than is present in the original
solution), the,vapour pressure of the solid phase is
lowered, GHF on Fig.l. Now the first solid phase will
appear when point H is reached. This corresponds to a
temperature T® which is higher than T*. Since, as
solidification occurs, the solution becomes still richer
in solube, the freezing point is continually lowered as
in the previous case. However, the amount of dépression
must always be less than in the preceding case. The
corresponding equilibrium diagram is shown in Fig.z(b){

In all cases where a elUtectic is formed, the
application of equation 2 will give the éutectic
composition, provided the concentration of soldte is
small enough that the Ideal Gas Law conditions are met.
The value of Llﬂf is the difference in temperature between
the freezing point of the pure solvent and that final
freezing point obtained when solute is dissolved in the

pure solveat.. Thus, assuming the results of Heycock &






Nevillet's work, namely, that the solute is present in
the monétomic state, the composition of the eutectic
is obtainable by direct calculation.

A third case arisese. if the s0lld phase formed
contains more solute than the initial solution, the
vapour pressure of the solid phase is lowered even more
than before, toc Kl Now, solidification occurs
initially at M or T”; a8 temperature higher than To’ the
freezing point of pure solvent. As solidification
proceeds, the solution becomes poorer in solute, and the
solid richer, so the freezing point continues to rise
with composition. Hence, we have the equilibrium
diagram of Fig.2(c), namely solid solution formetion
with freezing point elevation.

In theory, the first case may be considered as a
special case of the second, as no solid solution occurs.
Another special case is the trensition between the‘
eutectic formation and solid solution. Heyéock & Heville(ls)
claimed to have found a system where the solid and liguid
had the same composifion, and hence the freezing point
was constant. This case is very much to be doubted,
indicating rather the closeness of approach to the
transition between the extremes.

For ﬁore concentrated solutions, meny new factors(ke)
become important which invalidate many of the assumptions

made in the derivation of equation 2., As a result, the

theoretical treatment, and the resultant equations,

become very complicated.



" I1Il. Hethods of Determining Equilibrium Diagrams.

Any internal cheange in the physical or chemical
nature of a substance usually alters many of its
physical properties, as, for example, its magnetic and

thermoelectric behaviour, electric redistance, specifiec
(17)

heat, dimensions, density, and microscopic structure

A. Thermal Analysis:

A1l methods of thermel analysis assume that chemical
and physical transformations within a substance are
accompanied by a heat effect. Thus any time a heat
effect is observed, it must correspbnd to & transition
from one stable phase or component to another. Some
very complete discussions of the methods of thermal
analysis have been publis‘hed(lV’ls)o A summary of the
mein methods, with some of their adventages and
disadvantages, is given herg. All these methods give
a "break” in the plotted results when a transformation,

either sélid to solid or liquid to seolid, ocecurs.

l.T@@mﬁhme~ancmw%:

{(a) © vs t - The variation of temperature with
time is the simplest possible curve. It cannot
distinguish between phenomena proper to the substance
studied and those due to outside conditions.

(19)

As originally used by Frankenheim , the sample

was ®free cooled"”. Plato(zo) introduced linear cooling



~lle

%o accentuate any observed heat effects. This, on

- plotting, yiel&s results as shown in Fig.3(a).

(b) @ vs t, ©*'vs t (or @ vs ') - Here 6 is
the temperature of the sample and €' that of the furnace.
If alternate readings are taken of € and €', and plotied
égainst time, a curve as in Fig.3(a) is obtained. The
Temperature-Time curves are very readily adaptable to

antomatic control aud recording

2 Differential gurves:
(a) © vs t, ©-6°f vs t - Here, alternate (or
simultaneous) resdings of the temperature of the sample,
and of the difference in temperature between the sample

and a neutral bo&y(Zl)

, are taken, giving a plot as shown
in Fig.3(b). The neutralbbody is a body of fhe same
heat content as the sample beling studied, and is so situated
in the furnace that sample and neutral body are at the same
temperature initially and cool at the same rate until a
transformation occurse O0f course, the neutral body mus®
undergo no transformation involving & heat effect within
the temperature range studied.

This method, introduced by Roberis-Austen, yields
the maginum in sensitivity and offers no limitation as
to the tamperature range of applicability.

However, in practice, it is impossible to maintain

-0t constant. This is due to the difference in mass,
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specific heat, conductivity, emissitivity, as well as
the relative heat capacities of furnace and the enclosed
samples. The above considerations result, in practice,

in a somewhat distorted curve.

(b) © vs 6-8' - Saladin'®?) took the results
from the above method and replotted, removing the time
variable from the considerations, (Fig.3(c))e The
method cannot be adapted to recording instruments, and
hes little to commend it except for the compactness of

the results.

(¢) © vs ziz' - This "Derived Differential®

eurve was suggested by Rosenhain(lS) to eliminate some

of the diffieulty in interpreting data of the Roberts-
Austin method, the plot of which is distorted because
of the reasons already mentioned. As it expresses € in
terms of the difference 0-6% for the same temperature
inerements, the distortion is reduced somewhat. Many
workers consider this the most valuable plot for extreme

sensitivity. The plotting is, obviously, gquite laborious.

3, Direet and Inverse Rates:

{a) © vs %% - This plot, Fige.3(d), allows the
‘measuring of the speed of a transformation. However,

since no neutral body is used, the effects of the heating
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or cooling of the system cennot be compensated.

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

determining rates of transformation. (Fig.3(e).)

Thermal analysis allows the calculation of the
composition of the constituent solid phases, as
these correspdnd to the compositions for the maximum

duration of the transition.

B. Isothermal Analysis:

As the name implies, this method involves the
bringing of a system into equilibrium at the temperature
desired for investigation, and thenldetermining the
desired information, usually the composition of the
liquidus. |

The system of annealing, as practiced for
microscopic and X-ray studies, is really isothermal
analysis, since the equilibrium is ®frozen' by quenching
the sample. This will Dbe discussea later under
separate headings.

The method of isothermal analysis is classical in
éhe investigation of systems involving salts and water,
The method has not been widely used, however, in the
study of alloyse. Nevertheless, the principle is still

the same since the liquidus curve is actually the

solubility curve.
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Although the method of quenching from determined

(23)

temperatures had been employed by Howe in 1893,

it was not used on non-ferous systems until the
ipvestigation of the Cu-Sn system by Heycock & Neville(zé)
in 1902.

Hed o Miller(zs) further investigated this system
isothermally, an& determined a few points on the liguidus
for the high tin end of the diagram. Parts of the

liquidus of al-mi(26) (27)

gnd Ni-Sn , and the miscibility
gap of the system zn-Pb(ZS), have also been obtained by
this method.

' The obvious difficulty lies in ¥kmE obtaining mf a
suitable sample of the liquid present without contamination
from the éxcess solid pliase. It follows that if the
‘density of the liguid and solid are close, the method
may become useless, since the separation becomes too

difficult to effect.

¢. Mlcroscopic Analysis:

In 1665, Robert Hooke ®described the appearance of
leed crystallizing from its alloy with silver, and further
deseribed and drew the magnified surface of a ﬁolished
steel razor blade", (Desah)(zg)

Modern methods are more systematic in nature. An

alloy of the desired constitution is annealed at the
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at the temperature to be investigated. After annealing,
it is qguenched as rapidly as possible {usually within
less than half a second). A section is then polished
and etched with a suitable reagent. This etching reagent
attacks the various constituents of an alloy differently,
thus giving a crystal relief suitable for microscopié
examination., Sometimes, for very soft metals, 1t is
necessary to remove the flowed surface obtained during
grinding before the final etching is performed. Heat
etching or electrolytic etching are alternatives to
chemical etching. »

By studying alloys of the same composition guenched
from different annealing tempefétures, it is possible to
recognize the constituents common to & given phase region,
Thus a Series of determination maj set, quite closely,the
Various phase boundaries. Since, in general, this
me thod involves macro samples, the period of annealing
mey be of considerable length.

The main point of criticism, especially if the work
is not being done simultaneously by ano tier method, is
ensuring that no segregation has occurred during quenching,
and that the quenched sample does truly represent the
conditions of the annealing temperature and not those of
- some lower temperature due to a very rapid transition, the
original quenched state being too metastable, To

circumvent this difficulty, work has been done on both
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(30)

high and low temperature etching and microscopy s

but the methods become more difficult.

Obviously, the microscopic method cannot identify
and give the constitution of unknown constituents.
Hence, it must be used only in conjunction With-other

methods.

Do X-ray Analysis:

The theory of’X»ray analysis has no part in this
work; reference should be made to one of the many.
standard text-books on the subject(gl’gz’ﬁg}e It is
sufficient to say that the scattering pattern of X-rays
from‘cfystals is dependent on the nature of the
constituent atoms of a crystal and upon their spacial
arrangement, énd thus positive recognition can be
accorded to every different crystal. Analytical
mathematical methods readily allow the calculation of
the crystal lattice parameters, and hence allow the
determination of the atomic ratio of the constituent
elements, i.e. the "formulae" of the solid phases.

(34)

Arne I. Westgren hes cited some of the many
advantages of the application of the X-ray method to
the study of alloys. ®The investigation is able %o
give full evidence regarding the number of phases that
occur in an alloy systelMeccocesces Further, their

composition mey generally also be found out in this
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manner, and many cases determined with a very high
‘degree Of aCCUr@8CYscoccoccs Thé.X«ray interferences
give evidence regarding the crystal structure of the
different alloy phases, and this provides a certain
insight into their chemicel characteristics which the
earlier metallographic methods could do but incompletely.
Certain laws governing the coupling of metal atoms into
combined pheses have been traced thereby, and the
structural analogies have been proved to exist between
different alloy systems. The intermetallic reaction
products are not formed so caprieiéusly as believed
earlier, but instead, in meny cases, a certain simpler
relation seems to exist between crystal structures and
the properties of the constituent aioms.......@

In the investigation of the ternary systems, the
X-ray powder photographs are of even greater value in
guickly mapping out the diagram(35).

Like the microscopic method, the X-ray method
normelly uses quenched annealed samples, and eccordingly
the same difficulty of determining whether transformations
have ocecurred during quenching arises, However, the
danger is not so great here since the sample is annesled
in the form of fine filings which can be quenched far
more quickly and effectively than massive pieces
suitablé for microscopic study.

These filings must be made from the homogeneous alloy



and must be so made as to avoid contamination, sometimes
being made out of contact with air.

To remove the uncertainties of quenching, and at
the same time to investigate &lloy phenomena at high
temperatures, methods of X-ray study up to lOOOOﬂ. have
been developed(36). The most difficult part of the
procedure is then the determination of the temperature
of the small samples being investigated.

Since the X-ray method provides oue photograph
showing the number of phases present, the lattice spacing
of each phase (and hence ususlly the composition of the
phase), and the relative amounts of the phases, this
method has now become perhaps the most important method

for modern metallographic research.

BE. Other Physical Properties:

The use of physicel properties to study discomtinuities

(37) (1863 on), thirty

in alloys was pioneered by Matthiessen
years before equilibrium diagrams were first suggested.
Many of the physical properties not already mentioned
are valuable for certain special cases where the previous
methods are not suitable, or where it is desired to obtain
further informetion to confirm results obtained.
Since most changes in the solid state are accompanied

by @ change in volume, this method becomes & valuable

tool. One method is essentially thet of the classical
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(38)

dilatometer work of vantt Hoff , the sample being
magintained at each temperature investigated until
cequilibrium is established. When a transformetion
line (phase boundary) is crossed, there is a sudden
break iin the volume-temperature curve corresponding to
this, In genersl, the method is adapted to the system
being investigated.

In the event of liquid metals and alloys in the
low temperature ranges, direct density determinations
are possible, For high temperature ranges, the use of
a sinker suspended from a balance has proven practical
for density measurements of liquids for temperatures
as high as liquid iron(zg).

Other physical properties of varying usefulness,
but which show the same "breaks® at phase boundaries,
are hardness, electrical conductivity, thermo-electric

power, magnetic properties, colour, and electrolytic

potential.
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PREVIOUS INVESTIGATIONS

I. The Pure Components:

Ao Tin:

Various values have been suggested for the melting
and/or freezing point of tin. In 1911 Weidner & Burgess(40)
found the melting point to be 231,86°¢C. Adams &

(41) in 1912 reported the freezing point of Sn on

Johnston
two trials as 231.733° and 251.88°C. In 1917 Holborn &
Henning(42) set the value at 231.83°C.

Tin undergoes two polymorphic transitions as shown by

the eQuation

18° o

o« Tin == S Tin i?—-%f—g ¥ Tin

Colour Grey White White
Crystal Form Cubic Tetragonal Rhombie

B, Iron:

In 1930 Jenkins & Gayler(sg) found the melting point
of iron to be 1527} 3°¢, Previously, the accepted value
had been ebout 1525°C. However, iun 1940 it was shown
that for iron free of oxygen‘the melting point was 15350,
and when saturated with oxygen 1524°E.(44)

Iron undergoes several itransitions upon heating. The
temperaturesof these transitions have been the subject of
. considerable investigation.

The first change o -ferrite —> A-ferrite at 760"

is not now considered & polymorphic change. It

corresponds to the loss of ferro-megnetic properties,
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It is a progressive change, and does not take place at
a definite temperature.
Thus, for phase changes, there remain

o o
oK -ferrite 910, y-ferrite 2290 §_rerrite

K=ferrite and 8“~ferrite are the same, and in a
binary alloy the ¥=form corresponds to a loop near
the 100% iron. There is considerable hysteresis in
the o - ¥ transition depending on whether it is
determined as a heatingaor cooling change. One of
the more recent works(45) gives the « —Y as 910,5°

$ .6% ., and the ¥ —> ot as 2 to 2-1/2° lower.
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iI. The Preparation and Properties of Certain
Intermetallic Fe-Sn Compounds:

In 1830 LaSSaigneiés) obtained from an iron
distilling retort for tin a specular residue which
he claimed had a composition corresponding to Feggn.
During the next seventy years, various workers
obtained, through devious means, many Fe-Sn
materials for which they claimed empirical formulae.

(63) cast considerable doubt upon

In 1905 Stevanovie
the chemical entity of many of the alleged compounds.
Indeed, many of these, including even some recent
references, have not been proposed in any diagram
to date.

Table I gives a list of all known reported
intermetallic compounds of Fe and Sn. Those

recognized on the basis of the most recent work

are especially noted.



Teble T

-  TFe-Sn Intermetallic Compounds

"Recognized

Reference by Bhret & :
- Formula Claimant mate Noe Gurinsky Remarks
FeSn Deville & Caron 185¢ (L7) Yes
C Heszdden 1892 {L8) Yes Ercm smelting processes.
wrdwards & ?feece 1931 (L9) Yes mhefndl aiagrawa s
- Ehret & Westgren 1933 {50} Y@Sf‘ ~ ,Thefmal X-ray daagram, provxsionally 1aantifiaa
: ~&Sﬁ “
Ehret & Curinsky 1943 (51) Thermal X-ray diagré:m.
Tosn,, Wollner 1860 (52) Residue from dissolving tin in acid
Headden 1892 (48) Ercm.ﬁmélﬁing~prdcessés
Rawards g Preece 1931 (49) ‘ Thelmal dmg;ram.
Ehret & Wesbgren 1933 {50) Thsrmai anay ﬁlagram
Pingault 1934 (52) ~‘ﬁr@parea f"om 3n &‘T
Ehret g Gurinsky 1943 (51) . Thermal X-ray disgran
Tollbaum 1943 (54) X-ray data,
Nowotny & Selwbert 1943 (55) *Xuray data.
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IIT. The System Iron-Tin:

The first constitutional disgram for the Fe-=Sn

(1)

system was that published by Isaac & Tammann in

1907 (Figed). This work can not be considered as

any more than an initial review of the system.

These workers used thermal analysis in conjunction

with microscopic study and magnetometric tests.

The essential salient points of their diagram

ares

1.

3o

4.

Se

6.

Miseibility gap, based on 1140°% . and stretching
from 50 to 89% Sn.

Steep liquidus curve from 89% Sn to lOO%Q, The

only solubility figures given are 7.5% Fe at 10500,
5% at 968°, and 2.5% at 833°C.

Sdlid solution as the stable solid phase between 893°
ana 1140°C.

A compound of unknown composition stable from 7800

to 893°C. Isaac & Temmenn suggested that it might
correspond to FeSSn.

4 polymorphic chenge from the @ to the { form of
the above compound at 780°¢. |

Either the o -=form of this compound.or & new compound
stable below 496°C.,

Wever & Reinecken(56) aisputed the existence of a

miseibility gap in the system. Although they could not
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~prevent the formation of tWQvlayefs, they refused to

recognize this as a stable condition and attributed 1t
to ligquation. The apperent basis of their conclusion
is’the failure of thermal.analysis to detect an arrest

. above 1140°c. in the region of 50-89% Sn. Citing Ruer
& Goerens&64) paper on Iron-Copper, in which the authors
stated that the miscibility gap in that system Wiil not
appear for pure materials, Wever & Reinecken claimed
that, by analogy, there should be no gap in the system
Fe-Sn, and that liquation was the cause of the two
apparent layers.

As steble intermetallic compounds, they recognized
only FeSSn which decomposes at 890°C, and four polymorphic
forms of FeSn, in thelr disgrem (Fig 5) .

On purely theoretical grounds Wever'& Reinecken
introduced a ling slightly below 8900,‘indicating thet
‘FezSn and S‘-FeSng together form a stable phase region
from 42-82% Sn. They gaﬁe noe éxperimental evidence to
support this double trensition line at 890°,

Also, Wever & Reinecken investigated the effect of
tin on the = ¥ transformation of iron; in this
transition they observed a considerable difference betweem
heating and coocling cufves& A more detailed study of the

o~ ) transition was later published by'ﬁever(65)a
Wever & Reinecken set the maximum solid solubility

of Sn in Fe at 18-19%. However, they added no new
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information of significauce on the lay of the liguidus
curve from 89% to 100% Tin, since the only values they
gave in their date were vVery badly scattered.

Tn view of the origin of this research probiem,
it is interesting to note that Wever & Reinecken said:
#The rafining of high-tin containing alloys results
satisfactorily through filtration at just over 240°C .

Ruer & Kuschman(Sé) immediately challengéd the
allegation by Wever & Reinecken that the miscibility
gap is non-existent in both the Fe-Sn and the Fe-Cu
systemse These authors denied the interpretation
placed on the work of Ruer & Goerens and implied thet
carbon, as an impurity; merely facilitated the ready
formation of two layers, but did aot create them.

They claimed, beyond any question, the formation
of two layers for both the Fe-Sn and Fe-Cu systems, when
using very pure materials. The basis of their claim
was the presence, in a melt cooled from a temperature
far above the base of the alleged miscibility gap, of
two distinet layers of different compositions. However,
in the case of Fe-Gu, the lack of a miseibility geap for
pure materials has also been suggested by other Workers.(67)
It has been claimed that a 850-80 mixtqre of Fe and Cu
forms & homogeneous liguid at temperatures Jjust above
‘the liguidus curve, but thet upon further heating, two

immiscible ligquids appear. Also, the addition of small

smounts of foreign elements, such as carbon, causes the
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removal of the region of homogeneity entirely.

Hdwards & Preeceiég) made the next thorough
investigation of the egquilibrium diagram of this systen,
using thermal and microscopie methods, They, too,
claimed the existence of a miscibility gap for the
system (Fig.6). However, it should be pointed out
that as a result of the experimental procedure outlined
in their paper, all of the alloys studied would have had
a high percentage of carbon. As already mentioned, the
presence of carbon is claimed to lead to the formation
of a miseibility gap im the system Fe-Cu. Accordingly,
their evidence, likewise, cannot be considered as
conclusive proof of the preseunce of a miscibility gap
on the liguidus curve for the pure components.

Their diagram did not recognize the existence of
FeSSn, and introduced FeZSn.and FeSn, dispensing with
the polymorphic transitions of FeSn,, limiting the
existence of the latter to temperatures below 49606.

In alloys of over 68% Fe, they did not recognize a
transition at 750°C. as claimed by Wever & Reinecken,

With regard to the liguidus between 90% Sn and pure
tin, no information is available since no experimental
data whatever were given in thé papers, Edwerds & Preece,
however, did state that in alloys containing as little
as 0.01% Fe, the presence of needle-like crystals of

FeSn., could be readlily detected under the microscope.

2
They claimed a meximum solid solubility of Sm in Fe to
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occur at 76006. (no value given).

Bannister(492 in discussing this work, also supported
EdWards & Preece's claim for the existence of a
miseibility gap, without, however, giving his reasons
for this conclusion.

Bannister & Jones(682 studying the diffusion of tin
into iron, stated the solid solution contains 15.2% Sn at
700°, and 18% at 1132°C. |

In 1931, Westgren(54) gave some preliminary figures’
on work being done by Ehret. He reported, on the basis
cof X-ray studies, that a sample from the . region FeBSn in
the diagram of Wever & Reinecken contained o TFe and a
phase with a NiAs type structure. He also provisionally
reported the existence of other new solid phases, without
giving details. A minimum value for the solid solubility
of Sn in Fe was set at 12.1% at 900°C.

50) gave more detailed results

In 1933 Ehret & Westgren(
of thelr powder diffraction X-ray investigation. Their
diagram is shown in Fig.7. They found the solid
solubility of Sn in Fe to be 9.8% at 680° and 18.8% at 900°%; ,

Besides the phases reported by Edwards & Preece,

Ehret & Westgren claimed f?'ané J phases. The phases
found by the latter, as shown in Fig.7, are:

X = KL -iron with tin present in solid solution.

f?w corresponds to FeSn of Idwards & Preece.

FeSn, - ssme phase region as for Edwards & Preece.
2 |

ﬂ/~ undeterminable - possibly two phases, but doubted,
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V4
f?= corresponds to FegSn of Edwards & Preece.

Y- A nickel arsenide type structure of uncertain
and possibly variable composition.

Jones & Hoare(gz using -primarily wmiecroscopic methods,
confirmed the existence of FeRSn, FeSn, and Feﬁnz, but
they could not find evidence for the d/uphase of Ehret
& Westgren,

Hanson, Sandford & Stevens,‘?7) in 1934, studied the
effects of small amounts of Ag, Fe, Ni and As on tin.
Although they conducted a thermal investigation of Ag-Sn,
and Cu-Sn, and an isothermal of Ni-Sn, to determine the
liguidus composition and the eutectic propértions, these
workers did not attempt to investigate the liqaid&s of
Fe-3n., They did, however, report on the physical
properties, e.g., tensile strength,of Sn.éontaining small
emounts of Fe.

A statement was made that at 1000°%,, 5% of iron
will dissolve in Sn. No experimental date were given to
support this figure.

One statement made in this paper should be noted here,
since the results of the present investigation could not
confirm it, The eauthors, ia :eplying'to correspondence
on their paper by W.A.ﬁowan(gq) (who studied Cu-Sn), state
thet “irdn.ee..,has a very great effect on the melting
pointdof tin. "

Ehret & Gurinsky'®l) in 1943 published the results of

a very intensive X-ray powder diffraction investigation,






‘Their disgrem (Fig.8) had only one indetermineble phase,
and at the same time introduced Fe5Sn2 as a new stable
phase (the ﬁ?/of Ehret & Westgren), The § -phase was
reported as a complicated solid solution of the type
common to systems involving a combination between
transitional elements end elements with large atoms.

It has a NiAs type structure.

Unfortunately, Ehret & Gurinsky made no serious
attempt to fix the horizontal borders for their phases,
and thus the temperatures used in the diagram must be,
for the present, those of the previous thermal

investigations.

Undoubtedly, the most reliable phase diagram of the
Fe-Sn system is the X-ray disgram of Ehret & Gurinsky(sl)
using the temperature boundaries suggested by the earlier
thermal investigations, specially those of Wever &
Reinecken(ss). Tor the boundaries of the § -Fe region,
the only work published is that of Wever(es),

For iron containing some graphite, the'presenae of
the miscibility gap would appear to be beyond guestion,
For mixtures of pure iron and tin, however, the claim of
Wever & Reinecken (although not their explanation} cannot
be dismissed in view of the acceptance of the Fe~Cu'
disgrem'®?) in which, for pure Fe and Cu, the immiscibility

of the two liquids does not begin until the temperature is

somewhat above that of the liquidus.
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EXPRERIMENTAL

I. Introduection:

The study of this system may be divided into several

sections:

(1) The liguidus from 1140° (89% Sn) to 232°C. This
portion of the liquidus is very steep, and forms the

principal subjeet of this investigation.

(8) The composition of the eutectic at 232°. This had

not been previously investigated.

(3) The miscibility gap. The existence of the gap on
ﬁhe liquidus, in.contrast to a regioh of immiseibility
above the liquidus, should be confirmed for pure materials,
and its boundaries determined. Time did not sllow this
work to be undertaken. G.B.Skinner(ﬁg) is constructing

a tungsten-wound furnace(vo) to investigate this region.
Since such a furnace operates in an atmosphere of cracked

(71)

ammonisa » there will be no contamination of the metals.

{(4) The liguidus from 100% Fe %o 50% Fe. This region has

been quite accurately mepped, and need not be repeated.,

(5) The solid phases present. These have been adequately
investigated by previous workers, especially Ehret &

Gurinsky(sl)o



II. Purity of llaterials Used:

For the study of the eutectic composition of tin,
spectroscopic tin, obtained from the Vulcan Detinning
Works of Sewaren, N.J., was used. No batch analysis
was a%ailable, although it was stated by the manufacturers
that Lucius Pitkin Inc. had analyzed previous batches

prepered by the same method, and reported:

Pb .0005% Au «0005%
Fe .0015% . As «0001%
Shb <.0001% , Bi <-0001%
Ag - <.0001% In None found.
Pb, Cu, As & Sb )

& Fe | ] combined -0001%
combined .00025%

Bi, &g,

& In

combined .0001%
Sn (by difference) 99.9973%

For the study of the liquidus, Bateh #73 of Vulcan
#Commercial® tin was used. The following analysis was

Supplied with this:

Fe .0020%
Pb Trece
Sb .0025%
Cu Trace

Sn {by difference) 99 ,9957%



For the eutectic, Kaehlbaum Reduced Iron was used.
This was found %o be the best of the reduced iron
évailableo It was analyzed for total iron by titration

with KQCrgOv, and was found to contain 95.4% Fe.

Assuming the difference to be oxygen present as FeBOé,

this corresponds to 89.3% free iron. The Kaulbaum iron
was analyzed for free iron, using the method of
Christensen(vz) (see Methods of Analysis), and gave
90.4% metallic Fe.

For the study of the liquidus, ®Iron Wire for
Standardization® was used. The Merck wire (fine wire
on spools) was stated to contain at least 99.8% Fe, and

the Cemco wire (thin 3" rods) was 99.7% Fe.



III, Methods of Chemical Analysis:

The free metallic iron content of the reduced iron
was determined by the method of Christensen(72), Half
a gram of weighed sample was placed in a 100 cec. graduated
flask filled with 0020 5 grams of FeClS, dissolved in
50 ce. freshly boiled Water, were added. The flask was
then warmed to about 50°C. and shaken for 15-20 minutes.
The sanmple was then diluted to volume with freshly boiled
water and kept under 003 overnight, 20 cec. portions

were then titrated with 1N KMnQO, in the presence of

4
20 cec, of 7N’H2804, and 10 cc. of Rheinhart-Zimmerman
Solution. The equation for the reaction is:

Fe % ZFeGlB — 5F3012

Iron, in tin samples, was determined colormetrically
using the blood-red color developed by KCNS with ferrie
iron, The following procedure was developed as sultable
for all samples anelyzed, since the tin never under-went
hydrolysis on standing, and since sulphur never formed in
the colormetric determination.

5 grams of tin were dissolved in 30 cc. concentrated

(73) states that at least twice &s much acid

HC1. Mellor
as SnClz must be present'to obtain an appreciable reaction
rate, The splution may be heated to hasten the dissolving
of the tin. The sample was then diluted with water to

volume in a 200 ce. standard flask. Normally, 20 cc. of
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this solution were placed in a 100 cc., Erlenmeyer, along
with 10 cc. of L:1 HC1l and 10 cc. of 3% Hy0pe 4 small
filter funnel was put, stem downwards, in the neck of
the flask, and the solution heated to just below boiling
until the gas evolution had ceased.

The semple was cooled, washed into a 100 ce. standard
flask with 40 cc., of 1l:1 HC1l and diluted to volume.

Comparison standards were made of pure tin. This
was made from 25 grams of pure tin.dissolved in 150 cc.
concentrated HC1 and diluted to 1 litre, thus giving the
same concentration of Sn as present in the 200 cc. flaskse
For every set of gnalyses, standards were prepared
simultaneously, using the above standard stock solutione.
To the 20 cc. semples of pure tim, the required amounts
of highly diluted standard Fe solutions were added to‘
give a comparison standard of approximately the same
composition as the unknown.

A 25 cc. portion of the oxidized sample and of the
comparison standard were pipetted into dry 100 cc. beakers,
each containing 10 cc, of 1:1 HC1. 5 ce, of 4N KCNS were
then added to each, the solution stirred, and immediately
exemined under the coloriméter. 4 Bausch & Lomb
Colorimeter of the Duboscq Type was useds Since the
pure tin contained .002% Fe, a correction for this was
reguired in some analyses where the iron content of the

sample was very low.



For ?ery dilute solutions, 40 cc. of the Snslg
solution were analyzed, and for stronger solutions
only 10 cc. |

The large excess of chloride ion prevented any
interference due to variations in concentration.
Moreover, the high acid concentration prevented
hydrolysis of tin in samples kept for some time. It
is necessary to boil off excess Hy0, before addition
of KCNS, as otherwise the formation of colloidal
sulphurvprevents accurate determinations, alsg the
odour of HoS and HCN may be observed from such solutions.

For work over 1% Fe, a volumetric method was
developed which could be run on the unused portion of
the SnClz»solﬁtion° The desired aliquot was oxidized
with Clg from & chlorine generator until the solution
started to change to the green color of ferric iron.
Chlorine wes used as it was found the easiest oxidizing
agent to remove quickly without resorting to excessively
long boiling. The oxidized solution was then warmed
and 15% stannous chloride solution added drop by drop,
with constant stirring until the last shade of green
disappeared, This procedure also served to remove any
excess chlorine present. Bromine was not found suitable
to use as its oxidation potenﬁial is too low to ellow
titration with any form of the diphenylemine indicator,
the diphenylamine indicators being the only iateraal indicatbors

haviag a suitable oxidation potential,
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The standsrd method of iron analysis Was’then
followed. The solution was cooled and 10 cec. of 3% HgCly
were added rapidly to remove excess stannous ion. The
solution was then diluted, washed into a litre beaker,‘
10 ce. of syrupy H5P04 and 15 cc., concentrated H2304
edded, end the whole diluted to 700 ecc. 6 drops of
«8% solution of barium diphenylamine sulphonate were
added. The solution was titrated with ,OlN K26r207 to
the violet color change. Using this concentration of
KoCrgln, Kolthoff & Sandell(74) state that a correction
of 24 ct, must be subtracted from the titration as an
indicator blank, Check results were obtained using
pure Sn to which kuown amounts of Fe had been added.

The phosphoric acid is added to reduce the
oxidation potential of the iron. The dilution is
.~ necessary to reduce the'chloride ion concentration to
less than 2N.' Above that concentration, chloride ion
is oxidized by KQCrBOV. |

Usually the solution begins to hydrolyze as the
titration is completed. This could probably be prevented
by the addition of even more sulphuric acid, but the
hydrolysis does not interfere with the end poiut of the
titration.

There appears to be no reason why the above method,

perhaps modified somewhat, will not be suitable for any

concentrations in the Fe-Sn system.
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A brief inve&tigation was made to determine
whether tin could be readily dissolved in HESO4 in
order to eliminate the necessity of dilution.
According to Meilcsr”ms with 52864, sulphur is
formed readily in the reaction with tin if the acid
is too concentrated, 'In prectice it was found that
the rate of solution was too slow to be suitable for
anslysis. Accordingly, the best method of analysis

of iron appears to be a volumetric determination of

a highly diluted sample previously dissolved in HCl.



IV. Temperature Measuring Instruments:

In the eutectic investigation, mercury thermometers
were used; one, a 0 - 360°C. thermometer, gave the
temperature of the melt, and the other, a Beckmann, the
changes in the temperature of freezing of Sn.

In ail other work, a platinum - platinum 10%rhodium
thermbccuple was used. This thermocouple was calibrated

frequently, during use, against the following points:

Sn Freezing Point  231.9°C.
Pb " " 327.4
Zn " - 419.4
A1 (99.95%) a » 659.9
NaC 1l Melting Point  800.4
Ag Freezing Point 96065

The variation of the e.m.f. of a Pt - Pt 10%Rh
thermocouple with temperatures were plotted on a very
expanded scale using the data given in "Temperature -

Its Measurement and Control in Sciénoe and Industry“(ve).
The calibration point e.m.fe?s obtained were plotted on |
the seme graph, thus allowing the shape of the standard
curve to be used as & guide in the drawing of the
calibration curve.

The thermocouple was used in conjunction with a Leeds
& Northrup Type K=1 Potentiometer and & Leeds & Northrup
Type P Wall Galvanometer of sensitivity sOOlEé/ﬂamps./mm.

This gave an uncertainty in e.m.f. readings of less than
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5 microvolts (corresponding to sbout 1/2°C.).  Thus
all temperatures could be measured to within j; 1%,

It Will be seen from Fige 10 and Tig.ld that instead
of using a cold junction of Pt - PtRh, two cold junctions,
a Cu-Pt and a Cu-PtRh, were used. This made no
difference in the voltage of the thermocouple {(Law of
Successive Contacts), but did provide more convenient
connections for the wiring of the eircuit.

During the work on thermal anzlysis (pages 44«48} the c;oid
junction was a water bath at room temperature. However, over a
twenty-Tour hour parj.od the room temperature flustuated over a
10°%¢, range. Accordimgly, for the isothermal analysis {pages
49-—6“6} it was necessary to thermosta$ the water bath‘.’ A |
tempgrature of éz°c° was used, as this was above any pessible

flustuation in room temperaturs.
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V. Determination of Rutectic Composition:

A. Apparatus:

For the 1nvoét'igamo:§ of the eutectie composition of Feénz in
Siz, the apparatus shown in Flg, 9 was used., The two $hermomsters
wers jacketed with Py:éax gaées in order to préteet $he thin-walled
thermometers from the strains encountered during the solidification
- of the.mo'lten tin. Mereury was used in the 'easing to provide
efficient hea’c transfer between it and the thermometer, The Beeckmenn
thermometer used had a range of 5-1/2 C; the ordinary thérmometor
had a range of 0°-360 G.

It should be noted that all glass in contact with the melt was
of Pyrex, to minimize the leaching action of molten tin on the glass.
|  The 6x2% Pyrex tube was suspended inside a piece of tile pipe

(4-1/2" internal diameter), on the outside of which was wound a
'niehrome heating element, This element was insulated on the cutside
wit@ é. 1/2" layer of asbeates powder, and with asbestos pe.yer. The
furnace was placed at the cemtre of two concentric sheet metal
eylinders closed at the bottom., These were of. 6™ and 10=-3/4" diameter.
Cold tap water was oireulated in the ammulus between the two cans.
Over the whole was a tight fitting 1id, a piece of Tran_sifa aébestes
board with a 2% é;iamet’er hole through which the tubé was suspended in
the furnace. This Transite board is heat vesistant ani electricslly
nen-eenduetihg.' The péwer leads to the furmace wereveenneéted o
this board. | |

A stream of pure nitrogen was circulated over the melt at all times.
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first passing it through pyrogallol solution, followed by a CaCly
drying tube. It was then passed through a long red-hot combustion
tube eontaining freshly reduced copper wire and powder. The oxygen
content of this purified nitrogen was not determined. It n#zst,
however, have been very low sinece practically no contamination of the

molten tin was observed.

B. Progedure:

400 grams of speetroseopic tin were placed in the tube and then
the system was thoroughly flushed with nitrogen to remove air., The
sample was then heated to about 250°C. The Beckmasnn thermometer had
been prqviously set so that the freezing poin’c of tin occcurred in the
centre of the seale,

Repeated trials were made for the Beckmann thomemster readings
during the solidification of the tim. Vigorous stirring was necessary
to prevent excessive supercocling which, at times, amounted to as much
as 12°C. A steady drift in Beckmann readings was observed over a
period of one week. In order 0 minimize this drifs, the thermometer
v#is never touched duriﬁg the run. Finaelly, however, a constancy of
§ .005%C. was obtained in three trizls over a period of 4 hours.

4 grams of Kahlbaum reduced iron were quickly added amnd the molten tin
vigorously sbirred, the temperaturs being kept at 250°C. for several
hours. This was the highest temperature that could be used without
destroying the sstting on the Beckmamn, Although congbansy was
obtained in the first trial after the addition of iron, the slow
psrsisﬁent’ Arift in readings later appeared again.

It should be noted that Heyeoek & Neville(lé) stated that even

for a mercury thermometer which had been annsegled for two weeks at

)
250 C., this ereep still was present to the extent of .OC\J.Q"J‘a per day.
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In visw of the difficulty ia working with a mercury
thermometer under such conditions, Pfurther work aloang this line
was abandoned.

During the ealibratioa of the thermocouple for the work on
thermal and izothermel analyses, several attempts were made %o
detvermine a possible difference in the freezing point of pure tin
and that eonbaining a large amount of dissolved iron. No such

difference was ever obtainsd.



VI. Thermal Analysis:

A. Apparatus:

A small laboratory furnace 6-3/4 inches external,
and 4-1/2 inches internal diameter, and 4 inches high,
was used for this work. The single covered nichrome
element of the furnace had a power consumption, on full
load, of 900 watts., As may be seen from the schematic
diagrem of Fig.l0, a bank of wire-wound low resistance
rheostats were placed in series with the furnace. The
eircuit was so arranged that by throwing switch K-1 the
resistance of the furnace and rheostat circuit could be
quickly determined on a Wheatstone Bridge.

| The furnace was placed at the centre of two concentric
sheet metal cylinders closed at the bottom. %hese were
of 10-3/4 inches and 17-3/4 inches diemeter.  Between the
two cylinders, tap water was circulated. The furnace
rested on 3/4 of an inch of asbestos, lining the bottom of
’the inner container. The furnace had its own close fitting
lid. The Transite board, used in the previous experiment,
was sé cut that this 1id would fit tightly into it.

Since the neutral body method of Roberts-Austen (see
page 11) was used, two opposed thermocouples were reguired.
As wWill be noted in Fig.l0, the difference in voltage
between the couples was read directly on galvanometer G-1

(a Leeds & Northrup Type 2400).
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The constants of this galvanometer were given as:
Current sensitivity s003_~~amps./mm. at 1 metre.
_‘Resistance 529 ohmse.
Calculated voltage sensitivity 1.62 #v./mm. at 1 metre.

The galvanometer was used with a reading télesoope
to which was attached a metre stick as a scale. As this
telescope was used at a distance of 4-1/2 feet from the
galvanometer, the above mentioned sensitivity was
considerably enhanced,

As previously mentioned (page 59) the thermocouples
were Pt - Pt 10%Rh, used in conjunotioh with a Type Kél
Leeds & Northrup Potenﬁiometer and a Leeds & Northrup
Type P Wall Galvanometer, G-2.

As 260 gram samples of Sn»were used, the neutral body
wes a block of copper of weight 180 grams, this amount
having the same heat content. The junetion of the
thermocouple was at the centre of this block.

Originally, the tin sample and the copper block were
put in Vitreosil Silica Tubes, which were water cooled at
the top so that they cogld bé stoppered and the contents
maintained under vacuum. However, crystallization of
the silica occurred, and the method was, of necessity,
abandoned. Instead, the sample was placed in & Salamander
Graphite Crucible and covered with charcoal. The copper
block was kept in a closed porcelain tube, The charcoal
eqvering was used with the $in sample in an attempt %o keep surfacs

oxidation $0 a miniman.
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B, Procedure:

For thermal analysis, conditions must be absolutely
reproduecible, trial by trial. For accuracy, it'is not
only necessary to have linear cooling of the furnace,
but also absolute constancy of environment so that the
‘Newtonian cooling effect is not a variable, changing with
’room temperature. This was achieved here by having tap
water running contimuously at a steady rate. The |
témperature of the running water is quite constant
enough for the temperatures involved here.

It was first necessary to calibrate the furnace to
give linear cooling. This was done by first determining
the circuit resistance by the Wheatstone Bridgé for various
rheostat settings, the settings being measured distances
from one end of the rheostat to the travelling tap.
First, a run was made by heating the furnace to 1000°c.
and then cutting off the heating current entirelyg
Temperature readings were taken every minute until the
temperature had dropped to 225°¢, The resultant plot of
temperature ageinst time allowed an initial estimate of
the reguired heating currents to be made. A controlled
cooling curve was then taken, adjustments beling made
every minute to the rheostat settings. A1l settings
were made by measuring the position of the travelling tap

from one end since the time margin was too small to sllow



a potentiometer reading and a rheostat setting every
minute unless the latter could be simplified to a quick
motion, The plot of the values obtalined in this run
was used as a basis for the next trial. After severasl
such trials, a very good straight line was obtained.
The rate of cooling was determined by the slowest rate
that the furnace would free-cool. Accordingly, s rate
of about 3—1/500. a minute was used. This made the
length of one run about 4-1/4 hours.

The thermal analysis of samples was then carried out.
Initially, & blank on p&re tin was run. Then the sample,
in a Salamender ¢rucible as described above, had .056% Fe
added to it in the form of fine Merck iron wire. The
sample was held at 900°¢. for about 10 hours. A cooling
curve was then taken in the following manner. The furnace
was linearly cooled by using the required adjustment every
minute, potentiometer readings for the temperature of theb
sample also being made erery minute. At the same time,
another observer, seated at the readiﬁg telescope of
galvanometer G-1 (Fig.l0) recorded the corresponding
reading. These scale readings are obviously a measure of
the difference in temperature between the tin sample under
investigation and the copper block.

Later, the iron content of the sample was increased
%0 5%, using Kehlbaum iron, and then to 3%.

The author wishes to acknowledge, here, his gratitude

to the meny students, both graduate and under-graduate,



“who recorded the above galvanometer readings, as,
without their assistance, the above procedure would

have been physically impossible.
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VII. Isothermal Analysis:

A. The Blectronic Control Circuitb:

1, Introduction:

In order to carry out any isothermal investigation,

some method of maintaining constant temperature must be

provided. The thermo regulators in use for ordinary

and moderate temperature ranges are not adaptable to

furnace temperatures.

- The thermal detector (i.e. the measuring and/or

controlling element) is normally either a platinum

resistance thermometer or a thermocouple, Since the

former, and its accessories, were not available, a

thermostat had to be prepared using a thermocouple as

its detector.

The control used was designed for
electrically heated by wire-resistance
time lag is an inherent characteristic
resistance elements are used,)

There are a number of temperature

(77,78,79)

in the literature which will

air-bath furnsaces,
elements, (A long

when covered

controls described

give a higher degree

of precision, but which have limitations as to temperature

range, variation in power imput to the

furnace, or time lag.

The limitation #n temperature range is usually

imposed by the range of the platinum resistance thermometer,

When a thermocouple is used as the temperature detector,

the limit is determined by the refractory nature of the



elements employed, Thus, for a tﬁngsten»molybdenum
couple, temperatures in excess of 2000°¢. may be
controlled. The furnsce being thermostatted in this
investigation had a nichrome element, permitting
operation up to 1000°%¢, However, a furnace employing
tungsten windings is to be constructed by G.B.Skinner(69).
This will permit the attaining of any desired temperature
up to 2000°C.

In previous circuits, a thyratron was used, in
series with the furnace, as a current regulator by
controlling the relative phase of the grid vcltage.
However, such circuits are not applicable over a wide
range of power consupption, nor do they lend themselves
readily to either frequent changes in the required
- temperature or to changes in the furnace windings.

The regulation of temperature using the controcl 1to be
described (Fig.ll) has been simplified to two manual
adjustments: the setting of the series resistance X for
approximate temperature, and the adjustment of the
opposing\e,m.f° for the thermocouple (Resistance R).

Since this control uses a relay to shunt a portion
(8) of the series resistance, it affords no pfactieal
limitation in the power delivered to the furnace.
However, to gain in this respect, continuocus control was
sacrificed; +the effect of discontinuous control may be
minimized by keeping the shunted portion of the series

resistance as small as possible.
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The thyreatron circuits depend upon the light
intensity falling on a single photo-cell, It was fel?
that diffieu;ties in maintaining a constant light source
over long periods of time might arise, Also, with the
single photo-cell there is the danger thét an appreciable
time lag in the furnace will cause the light to move
completely off the cell, and thus all control would be
loste. The chief advantage of this circuit is the use
of two photo-cells, one being employed to open, and the
other to close, the shunt. If the light beam passes
either cell, the proper action is accomplished as it deces
:so, and the light must eventually return to the opposite
cell,

2, Déscription of the Circuit:

This ceontrol circuit was designed by Bruce C. Lutz,
formerly of the Department of Physics.

In order to give a complete record-for others who
may later use the set construected for this investigation,
both a general summary and a rather more itemized
description will be given.

(a) General Summary:

The eirculit of Fig.lzvconsists of the following stages:

the relay tube, & 6F6; an Eccles-Jordan cirouit{SO’Sl)
consisting of two 6CH5's; and two pglse circuits

functioning alternately, Tach of the latter consists
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ELECTRONIC CONTROL CIRCUIT

TABLE NO.

a

330,000 ohms

10,000
300
100,000
50,000
400,000
400,000
20,000
25,000
100,000
100,000
5,000,000
15,000
25,000
5,000
25,000
20,000
100, 000
100,000
10,000

@

"

¥

#

?

#

1

w

\{

®

"

LEGEND FOR FIG. 12
Rop = 15,000 ohms

Rpy = 25,000 =

Rgg = 5,000 "

Roy = 25,000 it

R,; = 5,000,000 *

Rog = 10,000 "

Roy = 330,000

Rgg = 300 "

Rgg = 100,000 ®

€, = .005 microfarads
Cg = .03 "

Cz = .01 "

¢, =  .000035 "

Cg =  .000035 "

Cg =  .005 w

¢y = .03 "

Cg = .01 o

Cg = 24 "

Iy = 30 henries
i = Hammond type 275.
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of an 884 thyratron used as a saw-tooth generator(eé),

e 6F5 used as a bias amplifier, and a 927 photo-tube.

The relay, an Amineo "Supersensitive" Mercury Relay,
is activated at 10 milliemperes, and releases when the
current 1is reduced ﬁo below 2 milliamperes. The current
is controlled by the bias on the 6F6, as this tube is in
series with the relay. The bias may be either of two
values as determined by the conditién of the Hecles-Jordan
circuit, This ecircuit has two stable conditions, in
either of which one tube is conducting while the other is
cut off. When the right hand 6C5 is cut off, the bias on
the 6F6 allows the tube to conduct the necessary 10
milliamperes to close the relay. When this 6C5 is
conducting, the relay current is reduced to below 2
milliamperes. The VR150/30 in the voltage divider
Permits a maximum chenge in grid bias, at the same time
reducing the de.c. drop across the grid return resister.

The Eccles-Jorden circuit is altered from one stable
condition tc the other by applying negative pulses to the
grid of the tube to be cut off, These pulses are formed
by passing a saw-tooth wave from a‘standard type 884
sweep circuit through a differentiating eircuit. In
Fig.l2, the upper 884 thyratron supplies negative pulses
through the differentiating circuit, 05 319’ to the grid
of the right 6C5, cutting it off and closing the relay.

In a similar menner, the lower 884 functions to open the

relay.
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The sew-tooth wave is only produced when the bias
on The thyratron is lifted to a point where the tube can
#fireh, This bias is controlled by a bridge circuit
with a 6F5 forming a variable resistance element in one
arme. When the light falls on the corresponding photo-cell,
the negative volitage drop across the grid return resister
of the 6F5 is increased, causiﬁg an increase in the
resistance of this arm of the bfidge, thus permitting the
.884 to function. The 6F5 is a high gain tube, and care
must be taken to prevent oscillation if the leads from
the photomcéll are long. However, since this is a d.c.
amplifier, it is permissible to use a large by-pass

condenser from plate to ground.

{b) Itemized Description:

The 5Y4G tube is a full-wave rectifier, which delivers
320 volts d.c. to a seriés of voltage dividers connected in
parallel‘across the output. These voltage dividers supply
the correct operating voltages for the various electron
tubes used.

Jhen no licht is shining on the upper 927 photo-cell
of Fig.l2, the voltage across it is the same as the
potential drop across resistance RlS’ When, however,
light shines on this cell, the light sensitive surface
emits electrons, i.e. the cell conducts, and the potential
of the anode decreases (becomes less positive). As the

grid of the upper 6FD5 is tisd to this anode, 1t likewise
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becomes less positive, or more negative, This change

in bias "eutts off" the 6F5. As this tube is no longer
condactihg, the potential at the 8F5 anode increases, in
turn making the grid of the 884 thyratron more positive.
This allows the 884 to become conducting. (If desired,
this 6F5 may also be considered as one variable

resistance arm of the bridge net work Ry, Ry, Rig,

6F5 with the 884 connected between two corners of the
diamond.) The 884 tube is connected to act as a saw-tooth
generator, condenser Cy being charged through R, under a
constant potential until the potential across Co rises
sufficiently to cause the 884 to ®fire", i.e. rapidly
discharge Cge The condenser then begins to charge again;
The "firing™ thus continues as long as the light is oﬁ
that photo-cell.  Duriang the time. of charging, the
potential is increasing almost linearly, and then drops

rapidly to zero on firing. This leads to the designation

~ of a saw-tooth wave form,

This saw-tooth generator then feeds to a differentiating
circuit, Oz Ryg, which converts the saw-tooth to a series
of negative "pips"™; each pip correspoands to one firing of
the thyratron. At the firing of the 884, the potentisl
on the left side of 63, which was constant during charging,
suddenly drops, causing a negative Pulse to come from the
right hand side of 03. As tThe 02 begins to charge again,

85 resumes its previous constant potential, hence the term
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miifferentiating®,

This negaifive pulse from C_, makes the grid of the

3
right hand 6C5 negative, preventing the tube from
conducting. This, in turn, raises the potential of

the anode of this tube. As this anode 1s connected

to the grid of the left hand 6C5,that grid becomes more
positive and the tube conducts,

At the same time, since the right nand 6C5 is cut
off, the potential of the anode is raised. This supplies
sufficient bias to the 6F6 (through the intermediate
VR150/30) to allow thet pentode to conduct and operate
the relay.

When the light falls on the lower photo-cell, the
pulses are similarly transmitted to the grid of the left
hand 6C5, cutting it off. This, in turn, raises the
potential of the right hand SCB; which may now conduct.
This, then results in the cutting off of the 6F6 and the

accompanying release of the relay.

3, Auxiliary Apparatus:

The control itself was mounted on an 8 x 12% metal
chassis, equipped with a toggle switch, 2 ampere fuse,
pilot-light, ete, The connections to the relay and the
photo-cells were through plug connectors. The leads to
the photo-cells were of metal-sheathed cable, the sheath,

es well as the chassis, being grounded.



57 =

The galvanometer, slit light source, and photo-cells,
of Fig.1ll, were mounted in a wooden box. A scale drawing
is shown in Fig.l3. The galvanometer was a Leeds &
Northrup Type 2400, seusitivity .003 microamperes per um.
at one metre. As the operating distance from photo-cells
to galvanometer was approximately 5 feet, this resulted in
e very sensitive arrangement. A Westinghouse lazda
#2330 automobile head light bulb was used to supply the
light, It was operated on slightly less than 6 volts A.C.
This light was so placed as to be at the focal point of a
large convex collecting lens of focal length 3 cm. This
lens had a slit opening, thus yielding a narrow beam of
parallel light, which was reflécted from the gélvanometer
mirror back to the photo-cells,

All parts inside the box were blackened with lamp
black to cut down internal light reflection. A shielded
opening was made in the 1lid above the light bulb for
convection cooling.

- The constant backing e.m.f. of Fig.ll was supplied
by fthree 2-volt lead batteries in parallel (B) connected
to & 200,000 ohm resistence (P) and a subdivided dial
resistance box (R). The values of R could be varied as
wished, fto supply any e.m,f. desired for opposing the

thermocouple e.me.f,

4, Operatvion:

Certain of the critical operating data of the control
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cirecuit are given in Table 3 for reference in meintenance
of the set.
TABLE NO., 3 = The Possible Critical

Operating Voltages of
the Electronic Control

Circuit.
Volbtage
across
Rgo - 320 volts
Ry & Rggy - 24 "
Rijg & Rgog .= 122 "
Riz & Rog - 87 "
Ry & Rgg - O volts when light off cell,
~ 50 volts when light on cell,
Ry & Rgp - 85 volts when light off cell,
15 to 20 volts when light on cell.
(must drop to below 40 volits to operate). -
Ry - 62 volts

Centre tap of
Rgp to Ground - 72 wolts.

Very little difficulty was encountered in the malnbtenance
of the circuit. During the initial tuning stage, many parts
were functioning under considerable overload for up to five
hundred hours. This time has not been reckoned in the time
of operation. The 5Y4G was replaced after 1050 hours?
service, and the two 927 photo-cells after 2200 hours. The
gircult has had in excess of three thousand hours of
thermostatting operation, having run as long as two weeks

without being shut off, and the shut-downs were usually of



only a few hours duration.

It was found necessary, due vo interference from
the control outfit, to shield the leads from the
thermocouple to the galvancmeter in grounded metal
casing where close to the set.

Mention should be made here of the present operating
condition of the control circuit relay. It is to be
noted from Fig.l2 that the points of the electronic
circuit to which the relay is connected are at about
320 volts above ground potential. Fig.l4 shows the
actual wiring of the relay. It is immediately obvious
that, since the battery booster supplying the necessary
6 volts dece Lo the relay has a common terminal with the
electronic éentrol, a possible danger exists for a ﬁorker
not familiar with the circuit. Accordingly, as the
circuit will remain in operation, it is suggested that
the wires marked with X's be removed and replaced with
those represented by dotted lines. In this way, the
battery booster will be entirely indépendent of the
control circuit voltage, and no potenfial hazard will

exist.

B, Other Apparatus:

The complete wiring disgram was as shown in Iig.l5.
The furnace and surroundings were the same as for the work

on thermal analysis, thus providing the constant
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temperature enviromment which is essential for
isothermal work. Since it was necessary to thermostat
the furnace for prolonged periods of time, as long as
10 days, it was necessary to use a thermostat for the
cold junctions of the thermocouple. This thermostat
was meintained at 31.7°C. |

The switeh K-l of Fig.l5 allowed the determination
(with K-2 open) of either the controlling e.m.f. from
the batteries or the voltage from the thermocouple.

Plete 1 gives a general view of the complete
experimental setup. To the extreme left are the
rheostats controlling the voltage to the automeobile
head-light bulb of the control outfit. Next is the
éhielded photo-cell box of Fig.l3. Between this and
the ﬁotentiometer is the control outfit mounted on a
metal chassis. To the left of the furnace, with its
constant temperature enviromment, lies the thermostat
bath for the cold junctions of the thermocouple. In the
immediate foreground is & refrigerator used for the
quenching of samples,

Plates 8, 3 and 4 give a closeup view of the apparatus.
Plate 3 clearly shows the grounded coaxial cable used for
the connection of the photo-cells to the control circuite.
Immediately in front of the chassis, the grounded shield
used for the galvanometer leads may be seen. To the

right of the control set is a relay that was used in the
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leter stages of the work in place of key K-2 of Fig.l5.
This relay opened in the event of a power failure during
the night, thus protecting the gelvanometer, It was
installed because of the frequent severe slectrical
}storms wﬁieh prevailed in this locality during July and

August,.

C. Procedure:

Initially, the ssmples were placed in Salamander
Graphite Crucibles, and were covered with poWdered
graphite o prevent oxidation. A tin sample was usually
from 250 to 300 grams and contained 3 grams of freshly
polished fine lMerck iron wire. The latter was wedged
intovthe bottom half of the crucible before the molten
tin was poured onto it. If the wire was not wedged in
the bottom, the entrapped air would make it float to the
surface, The sample was immediately covered with
powdered graphite and placed in the furnace. The
thermccouple case was then placed directly in the melt.
The seample, thus prepared, was heated to between 700° and
800°¢. for five hours, after which it was thermostatted
at the desired temperasture for several days. Since fine
wire was uSed, all the iron addéd in excess of the
solubility limit reacted,on heating with the tin to form,
at the bottom of the crucible, the stable solid phase for

that temperature region.
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Several attempts were mede to pipette molten
analysis samples from the top part, using various
filter arrangements, However, the protective charcoal
layer on top of the sample prevented this.

As a result, it was decided that the only alternative
lay in quenching the sample, hack-sawing it down the
centre, and teking drill samples from the top helf.

All analyses in this, and the succeeding work, were

done colormetrically (see page 34). Samples obtained
in this menner gave no consistent results., Lioreover,

a polished and etched cross-section of one such sample
showed no marked tendency of excess solid phase %o
settle (presumably due to the closeness of the density
of the solid phase to that of liquid tin). Using the
values of Ehret &'Westgren‘50), the calculated densities

of sclid phases are

FeSng 7.31 g/ec.
FeSn 7 .54 b
The density of molten tin{83) is 6,87 at 400%.,

6.8L # 500
6,76 % 600
6.69 " 700
6.64 ® 800
6,59 " 900

As is immediately apparent, the difference in density
is not great. Probably, with sufficient time, settlement
would have been complete. However, time was an important
factor in the investigation; accordingly further work

along this line could not be pursued.



The following method was found to give very
satisfactory results up to 600°. The graphite
crucible was lined with alundum powder in the form of
a water paste. This, on drying, gave a very sturdy
crucible that could not contaminate the sampleswith carbon. Tha
iron was added as before in the form of fine Merck wire,
the tin being poured in after the polished wire was
wedged at the bottom of the cricible. The sample was
then immediately covered with very fine mesgnesia powder.
The samples prepared in this way were placed in the
furnace, the thermocouple case was inserted in the melt,
and the furnace was brought up to the desired temperature.
and maintained there, A considerable variation in the
time of thermostatting was usede. Thus, if all points
Tell on a smooth curve, a better guarantee of equilibrium
was obtained. This would not have been necessary if the
previous method had proven suitable, thus allowing
equilibrium to be approached from both sijes. At the
end of the required period, the sample was quickly removed
from the furnace and quenched. In view of the previously
observed slowness of settling for suspended solid phase,
there was no need for the rapid quenching required for
microscopic or X-ray samples, All samples were, however,
cold within three to five minutes of removal from the

furnace.

The guenched samples readily fell from the cruoible,
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thus eliminating the necessity of smaghing the erueible,

The samples were cut dowmn the centre, and drillings
taken from a horizontai row as close to the top as
possible., Separate drillings were alsb made from
another row just below the first. Check results on the
above two samples were obtained up to 550°C,

It should be noted that et the lower temperatures
the solubility of the iron compound in tin was such that
with an ordinary soft steel drill bit an appreciable
amount of iron was added from the bit. The soft steel
drills wmild loss «0001 to ,00C015 grams weight while
obtaining one such sample, Now, o00015 gm. in 15 grams
of sample eorrespénds to .001% Fe. The solubility of
iron compound in tin at 330°C. was found to be only .007%.
Accordingly, ell drillings were taken with a high speed
ﬁungsten steel bit. Even this lost about 00005 grams
weight during each drilling,

One determination was made at 270°C. by plasing the
sample in am ordinary muffle furnace for 3-1/2 weeks.

The temperature control here was no better than $ 15%,
but this was urimportant due to the steepness oflt}ae
liquidus in this region.

For temperatures above 600°C, there appeared a merked
discrepancy in iron content between the two rows of
drillings, the upper layer giving a lower assay. Ibreover,
some scoria was formed on the furface with these samples.

No iprovement was obtained by using molten salt layers
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as a surface protection, An analysis of 3 grams of
this scoria gave over 66% Fe, or about 85% Fel.  Thus,
it was apparént that the iron was being preferentially
burnt out of the alloy.

Filling the furnace with nitrogen (99.8%) directly
frém a commercial cylinder without further purification,
and allowing a slow stream to flow through the furnace
during the period of thermostatting, did nothing to

improve this trouble.

In an atbtempt to preveat this oxidation, polished
‘iron wire was placed at the bottom of a standard 8xl inch
Pyrex test tube and the required amount of molten tin
was poured in (about 100 grams). Usually about 2 grams
of fine Merck wire (about 30 feet) and 6 to 10 grams of
Cenco wire (about 6 pieces) were used. The sample was
then put under vacuum using a water pump, heated, and
gently tapped to liberate the many large air bubbles
trapped in the wire, The +tin was then allowed to solidify
while still under vacuumn. When cold, the tube was sealed
under high vacuum, the seal being made as close to the
metal surface as possible., The glass capsule so formed
was placed in a crucible and was supported by alundum
powder so bthat the shape of the capsule would not change
while in the furnace. Very clean samples were obtained
in this way, the only scoria present being that formed

while the sample was heated to remove entrapped air.



Drillings were taken from the top part of the quenched
sample by drilling straight through without first
cutting longitudinally. The liguidus was investigated
from 600° to 900°C. in this mamner., |

For these samples in sealed glass capsules, the
temperatures determined were those of another sample
of tinAsobsituated in the furnace that both would be
at the same btemperature.

Since the furanece was circular, and had the heating
element wound uniformly about it, there is little danger
that symmetrically placed samples did not acquire the
same temperatures.

411 analyses for the glass protected samples were
run colormetrically; check results were obtained using

the volumetric method described on page 36.
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T, The Determination of the Eutectic Composition:

Using equation 2 (page 6), namely
RT M m
f
where R = 1,987 cal/mole,
Ly = 1660 cal/mole,
the calculated difference in the freezing point of

spectroscopic tin and absolutely pure Sn is

Pb L\t = ,0009°C.
cu = ,0028
Fo = ,0105
e = ,0005
JAL R = ,015°.

It is apparent from the above that 2/3 of the
freezing point depression for spectroscopic tin is due
to its iron content.

In work with the Beckmann thermometer, constancy
of freezing point was obtained to within .002°C.
However, because of the difficulty in obtaining constancy
in thermometer settings, it 1is doubtful if better than
.01°C. can be claimed. This, then, would set the
eutectic value at less than ,003% Fe.

On page 43, it was mentioned that a trial with the

Pt - PtRh thermocouple was made on pure tin and iron-rich

tin in order to determine whether any difference could be
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detected, No difference was detectible, but this method
was by no means as sensitive as the Beckmann resultse.
However, it did guarantee that the eubectic depression
was less than .1°C. corresponding to less than .015% Fe
present in the eutectic,

Work‘on the isothermal study gave a very accuratbe
meagsure of tﬁe eutectic composition. At 52900. the
solubility of iﬁggﬁ%ﬁmliquid tin was found to be .0073% Fe,
while at 270°%., it was 00046%. Joining these two points
by a straight line gives & value on extrapolation of
20030 } +0010% Fe at 232%,

In view of the extreme steepness of the curve, this
extrapolation is quite justifiable0 Actually a value
obtained in this way would tend to be low rather than
high because of the slight curvature that must be present

in the liguidus line.
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IT. Thermal Analysis:

A typical plot on a very reduced scale, and
showing only every tenth point, is given in Fig.1l6,
This greph is for tin containing .056% Fe. A plot
(not shown here) was also made, on a very expanded
scale, of the change in galvanometer scale readings

per minute against the temperaturs of the sample, i.e.

AN

This is a fairly sensitive plot, and corresponds 1o

vs €y where L is the scale reading of the galvanometer.

Fige3{d) with the axes interchanged.

No break in the cooling rate could be detected on
this curve. Likewise, no break was observed for the
two higher iron additions, .5% and 3%, which were
studied in this manner.

An analysis of the tin, later, showed this was an

actual iron content of less than 2%.






IIT. Isothermal Analysis:

All the results listed below are for samples which

were not prehested prior to being thermostatited.

TABLE 4 - Iron Content of Samples
Protected by Magnesis Covering.,

Ne. Temperature Time of % Fe
Thermostatting
1 270°¢, 25 days . 0047
2 329 10 = « 0073
3 382 3 = . 023
4 389 6 = «029
5 394 2 m 082
-6 426 5 022
7 451 2 = 046
8 4.54. 5 = « 043
9 4.83 7 = « 070
10 502 5% L 087
11 54.8 3 = e 141
12 576 5 = e L6ES
13 594 2 " « 222
14 606 5 0221
15 654 3 ™ I8

TABLE 5 - Iron Content of Samples
Sealed under Vacuum in Glass.

No. Temperature Time of % Fe
Thermostatting
16 637°C . 2 days .322
17 700 1 = o 78
18 746 2 ™ ¢ 96
19 774 1 = 1.59
20 801 1 = l.61
21 826 1o 1,72
22 84.6 1 = 2.02
23 857 1 = 2.11
24 895 1 = 2.73

The above results are plotted in Fig.l7 and Fig.l8.
Filg.1l7 shows the whole range of the liguidus studied.
Fig.18 is a greatly enlarged view of a small section

from 0 to .35% iron.
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It was mentioned earlier that from 550°%. upwards
the total free iron content at the end of the run was
very much lower then the amount originally added.
Below are listed the results obtained in samples that
were afterwards rejected when it was realized thas
oxidation had occurred, Along with these are listed
the values obtained from Fig.l7 for the solubilities

at the same temperatures.

TABLE 6 = Iron Content of Samples
Subjeet to Oxidation,
% Pe
Ho. Temperature Found from Graph
1 699% , 039 o71
2 703 .092 73
3 751 200 1.38
4 770 » 38 1.58
5 796 - ekl 1l.61
6 808 036 l.62
7 858 026 2.09
8 872 038 225
9 894 032 273
10 034 «185 3
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DISCUSSION OF RESULTS

The vealue of the eutectic composition, found by
strgight line extrapolation of the solubility figures
at 270° and 329°C. was .0080 } .0010% Fe. This is
in very good agreement with the limits set by the use
of the Beckmann thermometer, The possible error of
i,.OOlO% is determined as a maximum er&or possible in
éxtrapolaﬁion due to possible errors in the temperature
readings and the analyses,

An vieW‘of the very low iron content of the eutectic,

it is not surprising that no previous investigatiouns

have been reported. It is unlikely that any results

will ever be obtainable on the solid solubility of Fe '

in Sn.

On page 29, there is a quotation from a paper by
Henson, Sandford & Stevens(QV) stating that the freezing
point of tin varied considerably with the iron content.
In view of the above determination of the eutectic
coﬁposition, it would appear that this statement was
made rather carelessly.

It is interesting to note th&t, assuming the
eutectic to be .0030%, the best tin available (the
Vulcan Spectroscopic Tin) containing .0015% Fe, and
the next best .008%, show very little purification over

this figure.
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It is difficult to understand why the Roberts-
Austen method of thermal analysis did not prove at
least partially successful for the high iron content,
Probably a slower rate of cooling would have achieved
the desired result. The difference in total iron
added to the sample, namely 3%, and the final iron
content, less than 2%, is probably due to oxidation
of the reduced iron before it was able to come into

actual contact with the tiu,

The electronic control circult proved very
satisfactory in the isothermsl investigetion. It
was fTound that samples could be thermostatted
indefinitely to within } 3°C. of the desired temperature.
However, the geometry of the optical system could be
improved slightly, if required, in order to increase
the accuracy of thermostatiing. For work in this and
higher temperature ranges, it is very unlikely that
more accurate control will be needed.

Including the possible errors in the actual
determination of the temperature of the samples, it

igs felt that all temperatures reported are correct to

within § 5°C.

Tt will be noted that in the isothermal determinations,

there was a considersble variation in the time of
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thermostatting. As all the points lay in a good line,
it would appear that at 400°c, two days were more than
ample time for equilibrium to be attained. However,
the use of longer periods of time for many trials
serves as a definite proof that equilibrium had been
reached. This was the only pfoof that could be used
ig view of the difficulty in approaching equilibrium
from supersaturation.

Thevresults for the samples sealed in glass capsules
coincided with, and overlapped, the results obtained with
the first samples protected only by megnesie. Thus, 1%
was apparent that one day was more than ample for the

attaining of equilibrium at temperatures above 600°C.

There appears tc be a definite, though not marked,
breek in the liquidus curve at 496°C. (Fig.18).  This
coincides with the transition from FeSmny to FeSn. The
experimental points appear to show another definite
breek in the region of 755°C. According to the X-ray
study of Zhret & Gurinsky{5l) this would correspond tc
the phase change from FeSn to FezSnge It is interesting
to note that'ﬁe#er & Reinecken(56) had reported a thermal
arrest point at 75500. for this concantration region,
but that Bdwards & Preece(49) had later decided against

it, The break at 800°C. in the liquidus for the
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transition from FezSng to ¥ is not so marked. Time
did not allow the work to be carried to 1000°C. as
originally planned, but presumably another break
should be observable at 890°C.

GQBOSKinner(egz working downwards from the region
of immiscibility, should be able %o complete the curve

| and, at the same time, give an independent check on

the upper portion of the curve as shown in Fig.l7.

Barly ia the investigation, 1t was suspected that
some of the previously mentioned data obtained at Trail
on the solubility of ircg)ﬁ’lﬁ%ndgin were loOW. This was
confirmed when the final values for the_liquidus were
determined. It is felt that this difference is due to
the aeration that must occur duriug the plant operations,
especially filtering, and during any pilot tests of a
similar nature in the laboratory.

The data of Teble 6 prove beyond guestion that
iron is burnt preferentially from tin at the higher
temperatures, even with only slight contact with air.

It is not surprising,'then, that the Fe assays in the

tin smelted at Kimberley are low. Jones & Thunaes(4)
stated that aeration occurs during "the passage of
crude tin down the 10 foot launder and its fall of 2
to 4 feet from the end of the launder into the pot.™

Moreover, what 1s of even more importance, compressed
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air is used in their filtration process, and this
would also favor oxidation. The Trail results

were, however, of the correct order of magnitude.

Aceordingly, the primery purpose of this
investigation, nemely the determination as %o why
the results of the Consolidated Mining and Smelting
Company Limited for the solubility of iron compounds in %in
do not agree with those of the previously published
literature, has been accomplished.

First of all, this literature showed solubility
that was far too high; and, secondly, the plant
procedure at Trail yields results which are lower

than would be expected.
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SULMARY

4 eontfol elrcuit was designed for uss in isothermal
iavestigation. It permi%s the thermostatting of
any wire-resistance furnace for Semperaturss up o
at least 2000°C. Used with a Pt - Pt 10%Ra
thermocouple, the:fdraaca may be maintained to

within § 5%, of any desired Semparatiure .

The eutectisc somposition of irom in %in has been

determined as .0030 § .0010% Fe.

The solubility of the iroa compouunds im liquid tin,
the liquidus curve, hag been debermined from the
melting point of tin at 232°C. through o 900°C.

(See Figs., 17 and 18),

It has been found that iron is preferentially burnt
from tin, and this is suggested as an explanation
of the low values of some of the solubilityrdata
obtained in plant operations at the Kimberley Tin

Smelter.
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