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A PRELIMINARY INVESTIGATION OF CHROMITE

INTRODUCTION

Nature of Investigation
The purpose of this thesis was to study the effects of cryolite
and a mixture of eryolite and aluminum oxide on & chromite concentrats
with special reference to (1) their ability to breek the bond betwsen
the ferrous iron and chromic oxide in the chromite; (2) their relative
ability to dissolve the chromic oxide as compared to the ferrous irong

end (3) the effects of temperature on (1) and (2).

Chromite

Chromium was discovered as early as 1798, but it is only in recent
times that uses have been found for the metal, It is widely diffused
in the earth's erust but does not occur in the free state. It has been
estimated that the earth igneous rocks contein .037% chromiume Chro=-
mium has a high luster, great resistance to corrosion and good electrical
conductivityy; it is harder than iron but is brittle in the pure state.
Because of this brittleness no extensive use has been found for the pure
metal 5. Its main use is as an alloy with irone.

The chief producers of the world's chromium varied for years from
country to country, but since the discovery of the large high grade de-
posits of New Caledonia and Rhodesia, these two have produced the me=-
Jjority of the world's supplye Only during the two grest wars has this

foreign supply failed to reach our markets.



Origin

The prineipal mineral for the supply of chromium is chromite.

It has a variety of nemess chrome ore, chrome ironstone ore, or
chrome iron ore >« Chromite is & mineral of the spinel group, which
have a general formule R*Rg04 or RO*Ry0ze The species of the spinel
group are characterized by isometric erystallizetion. The octahedron
is the most common form of the isometrie system in which the spinel
group crystallizes. X-ray studies show that the members of the spinel
group have the seme isometric atomie structure. Some of the other
minerals of the spinel group are: Spinel, MgO+Al,Og; Gahnite, Zn0,
AlgOg; Magnetite, FeOsFPeg0z; Franklinite, (Fe,ZnMn)0; Beryllium alu=
minate, BeAlg04.

Chromite is a compound of ferrous iron snd chromic oxide and is
usually considered as FeCry04e Vhen of theoretical camposition it con-
teins 687 Crg0g end 327 FeOs The chromium iron ratio™® is about 65 to
35 or 1.86 to l.

Chromite occurs in peridotite rocks, the serpentine derived from
them forming veins or embedded messes, It is one of the earliest
minerals to crystallize in the cooling magma. The large ore bodies
are probably formed during the solidification of the rock by magmatic
differentiation®. T. Sempson believes that although chromite may
erystallige at & late stage as a magmatic mineral, a large portion
passes into a residual solution capeble of considersble migrationlz.

Pure iron chromite is never found in nature. There is always
more or less replacement of FeO by Mg0, and CrpOz by AlgOg or Feglg.
Vhere the FeO has been replaced by the MgO, the deposits are considered



high grade chromite deposits; but where the Cry0g has been replaced by
Al0g or FPegdsz, the deposits are considered low grade chromite depositse
All foreign sources can be considered high grade deposits, wlﬁ.le the
deposits of the United States and Caneda ere low grade which are high

in irone

Montana Chromite

The largest known chromite deposits in the United States are those
in the Stillwell complex of ultra basic rocks in Stillwell end Sweet-
grass counties, Montanas These deposits are of the high iron types
During both great wars these deposits were exploited due to necessity,
but when foreign chromite again became aveileble the work on these de-
posits stoppeds The chromite concentrates which were produced during
the last war averaged 41.45% Cry0z but were still too high in iron for

peace time competitions

Chromite Uses
The dulk of the chromite comsumed in the United States is used by
the steel industry, the refractory industry, end the chemical industry,
the retio in the order nemed being 4, 3, and 1. Consumption of chro-
mite in the United States in 1939 wasg 320,000 long tons, end in 1941
was 714,000 long tonse During the pestewar years the consumption is

expected to be between the 1939 figure and the wartime peak.

Specifications for Industrial Use
The steel industry 7 for many yeo;rs has uaéd Perrochrome in meking
chromium alloy steels. These steels may contain from 0.3 to 30% chro-

miume The Ferrochrome is a chromium iron alloy made by reduction of



chromite in the electric furnace. Sinee Ferrochrome is used for its
chromium content end not its iron content, the object of the manuface
turers is to produce a ferrochrome high in chromium end low in iron.

The practice of making ferroehrome7 in an electric furnace is
said to recover iron 100%, with chromium recovery being slightly less.
It is therefore evidont that & high chromium to iron chromite is the
desired raw material of the ferrochrome manufectures

The steel 1ndustry7 through years of experience decided that a
ferrochrome containing 627 to 70% chromium would best cover the needs
of the industry, for the following reasons: (1) a higher chromium con-
tent is hard to dissolve, thus increasing the time per batch; (2) a
high iron content means a grester cooling effect end grester cost;

(3) enything which adds to the mlting time adds tq the chromium loss
in the slag; (4) Ferrochrome also carries impurities which increase the
slag, thereby decreesing the furnace cepacitye

In recent years there have been two new methods’ wused in making
chromivum alloy steels, both utilizing the low chromium to iron chro-
mitess They are (1) Chrome xls.(z) Rustless iron and Steel patent pro=
cess 7 of changing low chromium to iron chromite direectly into the
electric furnaece making steinless steele Very little is known of this
latter processe.

Chrome X is a brain child of Marvin Je Udy of Chromium Mining &
Smelting Corporation Ltd., of Caneda. "It is a mixture of ferrochrome,
carbon and an oxidizing agent (Sodium nitrate) and is so compounded
that it will react exothemicelly to produce molten cerbon (high or

low) ferrochrome when added to the molten stoel bathe The amount of



heat produced is regulated in such a mammer that the bath is neither
chilled or overheateds” *

The refractory industry uses chromite in the manufacture of re-
fractories. These generally take the form of chromite bricks and ce=-
ment used for lining in furnaces in metallurgicel plentse

The specifieations on chrome ore for the menufacture of refrac-
tories differ entirely from the specificetions on chrome ore for use
in either the chemical field or the metallurgical field. The latter
two fields prefer an ore which is chemically active vhile the refrac-
tory industry finds this type of ore is uselessy this industry re~
quires an ore which is chemieally inactive.

The gangue material is of no interest to the chemical or netal-
lurgical field other than with regard to its effect on furnace burden,
but it is of great importance to the refractory industry. The melting

" point of the gangue meterial in natural chromite ores is around
2300°F, to 2600°F.? which is exceedingly low for a refractory materiale

The general specifieations7_for a refractory are: the Crplz
should be 30-35%; Crg0g plus Alp0g should total at least 60%3 Mgl
ghould be sbout 15%; Silieca should be no more than 6%; CeO must not
be more then 1%; FeO should not exceed 15% = however, the iron is
not troublesome if it is not in excess of the spinel ratios These
gspecifications are subjeet to modification.

The chemical induatry', uses chromite to meke chromate and pigment.

The standard chemical grade of chromium ore contains 447 Cry0g, end

Jdy, Chrome X end Our Chromium Problem, pe 54



in this ore & high chromium to iron ratio is not requireds In fact,
some authorities say that high iron ores are preferable because they
are more easily decomposed than low iron oress

Yontena chromite is suitable for use in the chemicel industry,
but the grade of ore is lowe This would be a disadvantage since it
must be made aveilable for proportionally less money per ton than im=

ported orese.

ECONOMICS

‘The econsumer of chromite maturally uses the ore which is the
cheapest and most satisfactory for his purposes it is therefore neces=
sary that Vontana chromites meet the specifications of the consumer,
and in addition the product must be transpoi'tod to the point of consump=
tion and still be able to campete with foreign chromites The cost
of tranopomtionv is eonaidgrod the most difficult single item by
most investigators. .

In order for Montana chromite to meet the specifications of the
steel industry and theferractory industry, some method must be found
to raise the chromium iron ratio of the concentrates Making Chrome X
end using Montana ohromite ores as in the Fustless Iron and Steel Corw
poration patent are two potentialities. |

The T« S, Buresu of Mines' has found that one of the most en=
couraging experiments is a process for producing metallic chromium

by electrolytic means.



REVIEW OF PREVIOUS LITERATURE

Selective Reduction

Selective reduction of & chromite is a mesns by vhich the chromium
iron ratio of an ore can be raiseds Essentially it consists of re=-
dueing the iron in the chromite and not the chromiume Udyla states
thet in selective reduction of a high iron chrome ore, one should add
sufficient lime to replace the Fe0 snd give a highly basic melt and
then smelt in an electrie furnace. Under basic conditions employed
almost any chrome ore will suffer decomposition emd its Fe0 content
will readily reduce before the CrpOgz.

The Ue S. Bureau of Mines found that there is a selective reduc-
tion of chromite when roasted with earbonzl. The requirements for
such & selective reduction ares: (1) a roasting temperature of at
least 1200°C,, (2) the use of fine size chromite, preferably all pass-
ing 65 mesh, (3) the use of fine carbone Be‘ut results were gotten
when the emount of carbon used reduced 30% of the chromiume The re-
duced iron can be removed by cold dilute HyS0, with little loss of

chromiume

Matte Smelting

The Us Se Bureau of Mines found that when chramite was smelted
in the presence of pyrite a matte wes formed having a higher chromium
%o iron ratio then the ores The nature of the Fe-Cr-S system under
smelting conditions is such that it wuld be difficult to achieve good
recovery of the high ratio mteriallg.

When chromite was smelted in the presence of copper sulphide,
the mette formed had & high chromium to iron ratios When an excess

7



of copper sulphide was used two layers of matte were formed, one being
high in copper and low in chromium end iron while the other was high
in chromiume Attempts to make & separation of top and bottom as in

nickel were tmsuccessfullg.

Roasting and Leaching

Roasting of chromite to form a soluble chromate end then leaching
the caleine is the method most used by the chemical industry. If
cr(oH)g, Cr,05 or chromite is intimately mixed with any one of many
metallic oxides or a compound capable of decomposing into an oxide,
end if such & mixture is roasted, the chromic ox_ido‘ rescts with the
metalli ¢ oxide end oxygen to form a chromatee The amount of éxidation
veries greastly with different oxides and with‘c‘iifferent, conditions of

temperature, pressure and physical state of the reacting mixtures

This is shown in Teble 118.
Table I
A B
Oxidation of Cr(OE), at 460°C. by Oxidation of Cry0g by eir at 9009C,
oxygen at 12 atmospgeres pressure at atmospheric pressure
Reagent Conversion Fercent Reagent Conversion Percent
None 1e4d* None Trace*
Fe(OH) 1.2% Fe(0N) 5 Trace
Cul Oﬂg P 5e3 8104 Trace
¥nOn 3 045 AloOg Trace
CaClz 5649 M 17.5
SrC0gz 6340 Cal 703
BaCOg 5248 NaOH 0ed
Zn(OH) ¢ 7240 Nag (g 91a7
Mg(on) , 8247 :
PbCOg 10040
Ag20 10040

* Probebly due to a trace of alkall impurities
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It oan be seen from Teble I that Cr 0y alome is not oxidized by
roasting end Feplg, 41303 orA 810y do not promote om}.dtxtion. The oxides
of silver end lead ere 100% efficient, and those of the alkslies end
alkali earth are also effectives Most of these reactions reverse at
high temperatures PbCrOy decamposes at 600°Ce, Mglrp04 at 900°C, , -and
CaCry0y at 1000°C.

The Ue Se Bureau of Mines in the roasting tests used lime with
magnesia, n.odium sulphate or sodium carbonate as reagentse These
were mixed with Cry0g or chromite end roasted 16 hours. Some of the
conclusions reached are as 1"(:>1I.lovrss]'8

Impurities in a chromite can effect the roasting aﬁd
leaching operation, both physical and chemicals The impure
ities may consume the roassting and leaching reagentse They
may have diréot chemical or catalytic influences Silica,
alumina end megnesia dissolve and conteminate the liquor,
silica being the greatest offender. Iron &ppears to react

with lime to form ferrite but does not seem to have any ef-

fect on the reaction producing chromates MNagnesia gppears

to be beneficial or at least harmlesse

The impurities may inecrease or reduce the fusibility

of the calcines In general lime, magnesiea, and ferric oxide

reduce the fusibility while elumina end especially silica

are likely to form fusible compoundse & cambination of

several impurities mey have more effect than the sum of
their separate influencese

A soda ash and lime mixture gave the best conversion

to a water soluble chromates The leach liquor contained

1 TT'ARTA O rvp vy
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et B it

less impuritieses A ro@st using Ca0 or Mgl produces an
insoluble chromite of Vslate gray or brown colora

Best results are éoi:tsn when the celeine is wet with
water at intervals durihg the roasting periocds Constant
rabbling and intimate mixture of resgents end chromite ere

» essentiale 850°Cs to 900°C, was found to be the best

roasting temperature.

Chromite behaves the same as Crp0gze Any difference
noted wai attributed to the 'fact that 1t is less finely
divided and more dense, théreby giving less molecular cone

taet with the roasting reagents.
Udy statos, "On the addition of lime it eppears that MgO in the

silicate is replaced end in turn the ¥g0 replaces Fel in the chromite.
Inereasing portioné of lime then replaces the FeQ in the chromite and
the A1205 and finelly there is a complete decomposition of the chromite.
If the quantity of lime is controlled so thet complete decomposition

is not ‘reached, there results a constituent approaching megnesium chro=
mite (gdCry0g) which crys‘i:alnzos as an sltered chromite of higher
specific gravity than the original chromite of the ore and can be
readily concentrated from the silicate portion by water concentration.
This concentrate may have a chromium to iron ratio of 8 to 1 or more,

and af ter acid treatment as much as 50 to 1l."*.

Chlorimtion”

A chloride metallurgy for chromium may be justified sinece the

oxide forms are not susceptible to low temperature gaseous reductions

¥ dy, The Utilization of High Iron Chrome Ores, pes 204

10



It also furnishes e method by which separstion and purification may
be mades
Two known methods sre available for chemical destruction of the
spinel lattice: (1) treatment by a chlorination process and (2) treate
ment by an oxidizing roaste The alkeline fMision methods dissolve vire
tuelly ell the silica snd alumina while a chlorination process does
not attack silica but instead converts both iron end megnesia in the
ore to sorresponding chlorides. It therefore suffers from similar
disedvanteges of increased use of resgonts when using low grade ores
In 1920 Yensble snd Jasksonl? fousd that the separate oxides
that may occur in chromite to be chlorinated are in the ordér Fo,04
370%Ce, #1505 450°Cs, MgO 475°Ce, and Ury0z 625°C. . The temperatures
given ere those at which tha' reaction startse
Yatlov and Papova17 found that chlorine reacts with all the
oxide constituents of chromite simltaneously.arxi the components are
not effectively separsted by fractional chlbrina‘tiqn 28 cleimed by
some patentss MNost investigators have found thst the action of free
halogen in the absence of & reducing sgent could only produce free
oxygen, but the sction of free oxygen on the chlorides of chromium st
& tempersture below 1000°C. is entirely towards the formatim of Cry0,.
In general the only way to maintain s reducing condition inm the
presence of free halogen is by the use of carbon manoxide, phosgene
or the chlorides of sulphurs In the presence of carbon, chlorine
reaets readily with chromite ores at 700=1000°C. for the formation
of Crcls. The chlorination was found to stop due to the CrClgz fille

ing the pore space, thus preventing chlorine from contacting the oree

11



Attempts to chlorinete direct in a liquid MgCl, medium showed
elmost no chlorination results on passing chlorine through a bath of
fused MgCl, containing C end Cry0g in suspension. This is probably
due to the fact that CrCl, is not apprecisbly soluble in the liquid,
nor is the solubility of Clsy greate Therefore an accumulation of
MgCly thus retards a simple chlorination processs MgCly, due to its
filling ection, destroys the contect of gas with ore end carbon, =md
since it is not wolatile at the low temperature used it will stop the
chlorination processs

The use of earrier parficles, especially those of silice, helps
chlorination since the tempentufe used is above the transition tem-
perature for « quartz. This probably produces many fine cracks, fis-
sures or partial cleavages. These will act as a reservoir for the
liquid MgCly, attracting it by caplllary action and thus partly withe-
drawing it from the ore surface. Carrier particles thereby tend to
keep the ore and gas in contact, vhich is a requirement for a continuous
processe

A possible chloride metallurgy of chromite might be chlorination
of chromite ores at a temperature high enough to woletilize the chloride
formed end in eooling the vepors separate a fairly pure CrClg which
could then be reduced by Hy at 800°Ce or by conversion to & chromate
in an slkaline fusion with subsequent electrolysis in an acid solution,

The chromie chloride might also be dissolved in a fused electro=
lyte end by electrolysis produce chromiume Neeals using a mixture of
475 ge MgClpy, 60O ge NaCl and 730 ge 'c‘;c12 in which CrCly or CrClg is
dissolved and at & tempersture of 600-700%Cs using §0 to 100 amp/dn®

claims about 857 efficiency in depositing chromiume

12



17 has decided that the fundamental

The Us S. Bureau of Mines
theory of chlorination of a chromite ore is feasible on a laboratory
scale, but whether it would be economical on a commercial scale is
not knowne

Gaileyg has patented a process for the removal of iron from chro-
nmite« His process requires ore ground to =100 mesh and then treated
with & streoem of gas consisting essentially of Cl, CO and a diluent
gas substantially free of hydrogen. At 600-900°C. the iron forms
FoCly and is volatilizeds Little or no CrCly is formed at this

temperature.

Fused Electrolyte
Theory
Molten salts are god conductors of electricity, and their con-
dﬁctanoe is generally considered to be ionice The conductence of a
mixture of fused salts is approximetely a linear function of the com=
position, which indicates thet no resction tekes place on mixinge

Goodwinlo beliews electrical conductivity in a fused electrolyte is

-not unlike that which takes place ih solution, the electrolytes being

in a higher state of bnizafion.

The conduwctivity of fused salts increases almost linear with the
temperatures At high temmerstures this relationship is not exactly
true since the conductance begins to lage The effect of temperature
cen be accounted for essentially by its effect on the viscosity of the

m1t5.

1

Lorenz and Helfenstein  proved that Faraday's Law is valid for

the electrolysis of molten saltss This is true when distorting

13



influences are not present. In molten salts, however, the following
factors tend to decrease the yield at the cathode and, therefore,
lower the current efﬁcienoyes

le Mechanical losses

2+ Vaporization of the metal by the use of too high a

bath temperature
3« Secondary chemical resctions et the electrodes
8+ Formation of higher or lower compounds at the
cathode
bs General secondary reactions
A4.‘ ¥etallic clouds or fogs
S¢ Reconbination of the ancdic and cathodie products
which are brought together by stirring smd diffusion

e Anode offect |
In general, however, current efficiency will increase yrith inereased
current densitys

The decomposition voltege of fused compounds decreases with ine

crease in temperature. This would mean thet it is desirable to use
& high teméoratwo, but when all factors ere taken into considerstion -
it is found that the nearer the temperature is to the freezing point

of the electrolyte, the higher the yield of electro-deposited metal.

Electrodeposition from & FPused Flectrolyte
The deposition of a metal from a fused electrolyte is ‘usmlly
at a temperature above its melting point, i.ee aluminum, magnesiume
This memner of deposition would probébly be prohibitive in the oase

of chromium since its melting point is 1615°C.

14



The solid deposition of a metel from a fused electrolyte was
studied by Aten, Denhertog, snd ?festenbergz. They found that dif-
ferences in tempersture of cathode plate cause irregularities in the
distribution of the depozit, the tendency being for the metal to re-
dissolve from the hotter por{ions and build up on the colder portions.
Cathodes thet had a erystalline surface to begin with caused the dew
posited crystals to grow as a continuetion of the crystals in the
electrodes Polarization voltage was low end decreased with rise in
tempsrature of the beths The wide differences which exist between
the gtructure of the metal when elec’crodeposited from aqueous solu=
tions do not exist at the higher tompe rature of the fused bath.

The Us 8. Bureesu of Mines, stlempting to deposit chromiwm from
8 mixture of molten salt and chromite, tried many selts, including
caleium and sodium fluerides and chlorides. It wes found that chromium
metal could be deposited from seversl baths as s powdey mixed with
oxidess The most promising electrolybe mixture consisted of €eCly bo
which 10% Ca0 was addede Tests showed this mixture would dissolve
Te5% Crg0ze CO and 0y were given off et the enode with lit+le Clga
The current density used was 25 emps/sqe ine The tempersture was
varied between 1080 end 1100_°C. with a great veristion in resultsm‘.

It can be seen from the ebove infrmation that the function of &
fused electrolyte is the seme as mn agueous slectrolyte, the function
of the electrolyte beings

le To dissolve the compound of the metal to be deposited

2+ To conduet en electric current.

3+ To have & higher decomposition woltage %hem the dissolved
compound at tﬁe conditions of electrodeposition,

4. Yot to reect with the deposited metal.
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¥When the requirements for an electrolyte are applied to chromite,
it can be seen that the greatest problem will be the control of the irenm
presents If iron is insoluble in the electrolyte, it will cause no
trouble; if it is soluble, then & way or means must be found by which
the iron will be prevented from depositing with the chromiume

The international criticnl tables and other literature were searched
in an attempt to find some similarity between chromiuwm and aluminume.
The only similarity which seems to exist is that chromium in the tri=
valent state acts like aluminum snd the fact thet in chromite A0, some=
times replaces Cro0ge With this in mind cryolite and a mixture of eryo=
lite and 21,0z were chosen to be investigated as possibilities for an
electrolyte for chromite.

Cryolite is a compound of sodimn and aluminum fluoride having
the chemiecal formula NaghlFge Its remarkable solvent power for alu=
mina and its greater electrochemical stebility are what make possible

the present day eluminum industry.
Hall discovered that cryolite would dissolve alumina, but made

the general observation that many other combinations of aluminum fluo=
ride with the fluorides of sodium, potassium, lithium end ealeium would
dissolve alumina in substantial quantities and could be used as an elec-
trolytes This offers a means of usefully varying the fu_iibility, con=
ductivity, density and other properties of the fused electrolyte’s

Pure sodium fluoride melts at about 990°C. end eryolite at 1000%,
There is a maximum in the freezing point curve ecorresponding to the mixe
ture having the composition of eryolite. The addition of either sodium
fluoride or aluminum fluoride o eryolite results in a lowering of the

freezing pointe With sodium fluoride & eutectic mixture is formed,
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which contains 767 sodium fluoride snd 247 aluminum fluoride or 409
sodium fluoride and 60% cryolites The eutectie mixture freezes at
885°Cs The addition of sluminum fluoride to oryolite repidly lowers
the melting point to a minimm of 685°C. st a concentration of 637
aluminun fluorides Cooling curves of these mixtures up to 577 alumi-
num fluoride indicate the existence of another compound (5NaF*3A1Fz)
which corresponds to the composition of the mineral chiolite.

The wolatility of the mixture of eryolite wirth aluminum fluoride
increases rapidly with increase of the aluminum fluoride content.
Caleium fluoride when added to cryolite lowers the freezing point,

and elso increases the density of cryolite.

Solwbility of Alumina. in Cryolite

The freezing point of eryolite is lowe__red by the addition of
alumina until a content of about 16% is reacheds The freeszing point
temperature at this composition is about 935°C.s Further addition of
al@m rapidly raises the freezing point so that the saturafad solu-
tion et 1000°C. contains about 21% of elumins. Solid alumins is more
dense than eryolite, but the solution of alumina in liquid eryolite
is lighter than eryolite without dissolved alumina et the same tem-
peraturee. | .

Fedatieff end Iljinsky7 believe that when the melt contains sodium
fluoride in excess of the cryolite ratio the solubility of elumina is
appreciably inereasede This is true up to a euteetic mixture (60%
eryolite and 407 sodium fluoride) which is satursted with 207 elumina
at about 890°C. Beyond this point tﬂe solubility of alumina decreases

until it shows no solubility in pure sodium fluoride. When eryolite
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contains eluminum fluoride in excess of the eryolite ratio, the solu=
bility of alumina decreases. Chiolite dissolves about 10% alumina at

1000°C, Caleium fluoride also hes a low dissolving powsr for aluminse

Electroconductivity
Arndt and Keloss' found that the addition of alumina to eryolite
lowers the conductivity end the lowering was proportional to the emount
addeds Mixtures having sodium fluoride present in excess of the cryo-

lite ratio show a slightly higher conductivity then eryolite.

Solubility of FeO in Cryolite
FeO is epperently soluble in cryolite, but no reference could be
found which stated the degree of solubility. In the sluminum process,
iron which is dissolved in the eryolite is deposited with the aluminum
during the first pert of the electrolysise It can be assumed that any
iron from the chromite which is dissolved by cryolite will deposit
with the chromiumg therefore the smount of cryolite soluble iron must

be controlled before & desired produet can be obtained.
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EXPERIVENTAL METHODS

Chemical Analysis
A complete anslysis of the concentrate used is given in Table II

end shows that the chromium iron ratio is 1+47:le

Table II
wte per cent
Cro0sz 43415
FeO 2847
A1505 1242
gl 1.6
S10, 3435

Methods of Analysis

The anelysis for chromium was made as given in Low' ! with a few
minor changess The fusion with Nas0p was made in a nickel crueible
vwhich was heated to m dull red heate The fused produect was dissolved
in water, after which the solution was boiled gently for 10 minutes.
The ammonium carbonate addition was omitted so that the nickel which
rescted with the Nas0, r;mld be in an insoluble states The solution
was filtered and the residue saved for the analysis of irone The file
trate was acidified with 1:1 HCl and an excess of 26 cce of the secid
eddeds Potassium iodine and starch were added and the solution titrated
with sodium thiosulfatee

The residue to be anslyzed for iron was dissolved in 1l:1 HCl. Test
lead was added and the solution boiled uni‘:il all iron wes reduceds The
solution was then decanted end cooled to room tempersture. Fifteen coe.
of phosphorie acid restraining solution end three drops of diphenylemine
indieetor were added to the cool solutions The solution was then tie

trated with potassium dichromate solutione

19



Furnace Procedure

The general procedure used in conducting the investigation was
to place the cryolite or oryolite and Al,O, mixture in a grephite erue
cibles This crueible was then pleced in the furnace snd the charge
allowed to melte After melting, a weighed portion of ore, which had
been preheated, was added to the molten charges The time the molten
charge and ore were left in the furnece was at first not important,
but later a definite time period was useds

Upon solidifying, the charge was broken open and exsmined visvally.
In meking the examination of the fused mass, color change was the only
availeble means. Crg0z on heating can produce colors of red, yellow,

brown or greenlz

« Cryclite or eryolite end Al,0g after fusion have a
dirty white colore Chemical enelysis of the fused mass wae made on the
last five melts.

A muffle furnace was first used to melt the charge, but in this
type furnace it was hard to produce similar conditions from day to day.
In using the electrie resistance furnace the time required to melt a
small charge was too longe Best results were gotten by preheating the
charge in the muffle furnaee up to & temperature just below the mlting
point and then trensferring it te the electric’ furnece where control
over conditions was much better.

The electric resistance furnsge used is s Hoskins Electrie Purnsce

Type FC102 using 12 volts and 1000 empse



EXPERIMENTAL EESULTS

¥elt One

About B0 grams of eoryolite were placed in e small fire clay cru-
cible and ellowed to melt in the muffle furnace. After melting, 2
grems of concentrate, which had not been preheated, were addeds The
addition was made in two stapges. The second eddition froze the charge.
The furnace temperature was raised, and after the charge had again be-
come liquid it wes ellowed to remain in tl.ze furnace for approximately
one houre Upon solidifying the fused mass was broken open and the
following observed:

le The top of the melt was covered with a light brown fused

material which was soluble in HCl smd upon addition of KH4OH

gave & white precipitate. It was therefore assumed that no iron

was prosents

2. The concentrate was found on the bottom snd gave mo visual
eppearance of the ecryolite's ability to dissolve it.

3« Just above the concentrate the fused mass was colored
definite green. This color seemed to have moved upward from the
concontreates

4. Just below the brown cover, the mass was a dirty white color.
This color extended through the top three=quarters of the fused
masse It indicated that the dissolving mction of the cryolite
on chromite had not progressed far enough to célor the whole
fused mass.

B¢ In the center of the melt a hole had formede This hole was
oither a shrinkage hole or a gas hole formed by the sction of the
eryolite on the concentrate, since the mass was cooled in its
original cruciblee.

6+ The fire clay crucible showsd that eryolite attacked and dis-
solved the fire clay, and it was therefore decided not to use this
type.

Due to the green color above the concentrate and the dirty white

color of the top portion of the melt, it is assumed that eryolite does
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attack the chromite concentrate end the time allowed during this melt
wag not long encugh to permit camplete coloring of the fused mess.
Because of the freezing of the melted charge after the second addition
of concentrate, it wes decided to prsheat all concentrates before

adding them to the liquid charge.

Melt Two

Fifty grams of eryolite and five grams of Al,05 were charged to
a graphite erueible and melteds Two grsms of caneentfate were pre-
heated end added to the liquid charge in three stages. Approximately
15 minutes was the interval between the additions. After the last
sddition the erueible was left in the furnace for one and a helf hours.
It was then removed end cooled, and upon exemining the fused mass the
following was observeds

le The top of the fused mass was covered with graphite which had
broken sway from the erucible.

2« [Lirectly beneath the grephite cover ';was a thin green-colored
layer of fused materiale.

3s The fused mass beneath the green layer was darkensds. In the
cenler was a hole whose sides were colored with a green similer
to the top layer.

4, The concentrate was found at the bottom and showed very little
evidence of attack by the mixture.

Because of the green-colored layer, the darkening of the Pused
mass, and the rosults of Melt One, it can be assumed that the mixture
of eryolite and 11% Al,Og, by weight, does ettack the concentrate and
it does dissolve some camstituents or all of the concentrate. Part of
the darkening of the fused mass was pi'obably due to entrapped graphite
particles.



. Melt Three

Ninety grems of eryolite énd ten grams of AlsOz were melted in a
graphite erueible and three grmms of preheated concentrate added in five
stages, 15 minutes apart. After the last addition the erucible was
allowed to stay in the furnsee for ame houre The temperature of the
furnace wes higher then for Melt Twoe. After cooling the fused mass was
exemined and the following noted:

le Graphite top «

2. Absence of green layer

3¢ The mass was a dirty white colore

4« The concentrate on the bottom showed no visuel sign of sttack.

Se Just sbove the concentrate the mass was colored brown, and,

unlike the green coler of Melt One, the color did not grade into

the fused mass.

In regard to the appearemmce of the brown color, four other melts
were mede using the seme type charge, but due to inability to duplicate
furnace conditions, three of these melts gave the same appearance es
found in Hel‘ll: Two, while only in one did the brown color appear., VYhen
this melt wms replaced in the furmace and remelted, the brown color
could no longer be found, and to the eye it appomd the smme ag Melt
Twos : ’

The first conclusion drewn from these observations wes that a
higher tempereture promoted a different reaction, and the brown colar
was believed to be a slage ‘

Upon then rereading the articles by Udy15

18

end the Us So Buream of
Mines™", the writer believes the following to be true.
A higher temperature makes the melt more fluid and therefore

the concentrate sinks to the bottom faster, the net result being that
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the mixture would have less surface to act on and consequently in the
same time interval there would be less visible evidence of the dise
solving action of the mixture.

The brown~colored part of the fused mass is belisved to be
Mglrglyqe Udyl® states that on additimn of lime it eppears that M0
in the silieste is replaced and in turn replaces Hhw Fe0 in the chrow
nmites Increassing the portions of lime then replaces the Fel in the
chromites The Us S. Bureau of Mines'® states that Mglryd, is brow
in color while CaCry0, is slate grays The anslysis of the concentrate
shows that it contains 12.27 Mg0 and 1«67 Ca0s A mixture of the two

could account for the darkening of the fused mess,

Helt Four

The charge used wes the smme as in Melt Three with the e xception
that 10 grems of preheated ore were added to the liquid charge, Five
additions were mede with 15 minute intervals, and after the last addi=-
tion the cruecible wes left in the furnace for two hourse Upon examing-
tion of the fused mess the following was observeds

ls Crephite top

2+ Thin green leyer beneath the graphite top

3« A greenish cast to the body of the darkened fused mess

4s The hdla we 8 coveréd with & brownish red duste This could
not be enalyzed since it could not be colleeted.

S5« The green color was more predominant just above the con=
centrates

6+ The concentrate which was left in the bottom showed green=
colored inclusionse

This melt indicetes that the coloring of the fused mass will vary
with the amount of dissolved material. ¥No explanation could be found
for the reddish brown dust, but it might be Crp0sz since it is sometimes
red in color.
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Bocause of the results in the first four melts, it seemed advissble
to meke & series of tire temperature meltse These melts were first pre-
heated in the muffle furnace and then placed in the electriec furnece,
which was set et 35 smperess Higher ampdrage was tried, but at 45 emps

the carbon ecrueible softeneds

Melt Five
The charge comsisted of 100 grams of cryolite end 7 grams of ore.
The ore was placed on top of the eryolite end both prehesteds After
preheating the crucible was placed in the electric furnece where the
charge melteds After melting it wes left in the furnace for one~half
hour and then removed and coolede +he following was observed:
ls¢ Craphite top
2+ Fused mass darkened
3« The concentrate at the bottom showed mo visual changee
A pert of the top of the fused mass was taken for analysise.
Melt Six
The fused mass from Melt Five was replaced in the crucible with
the top down so that upon melting the concentrate would again pass
through the eryolites The cherge was again preheated and melted as
in Ha!t‘?ivo and then sllowed to stay in the furnace for another half
houres Upon cooling the following was observed:
l..- Graphite top

2, Very thin green layer of fused material below the graphite
top

3¢« The fused mass was darker then at first, but no green color
could be soen.

4, Less ore was visible at the bottom than after Melt Fivee.
5o The sides of the hole in the center were colored greene
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This melt shows that cryolite and chromite wAll produce the green
meterial as well as the eryolite Aly,0y mixture with chromite. The
green~colared layer may be due to the AloCg eontent since i?he chromite
concentrate does contain 14% Alg0ze _

A semple wes teken of the groen layer end of the darkemsd mass for
analysise The sempie of the green layer wes not too sccurste sirnco the
layer was very thin end therefore it was impossible to obtsin & true

semple of ite

Melt Seven

The charge consisted of 90 grams of cryolite end 10 grems of
41203, with 7 grams of ore placed on top of the eryolite, A1,05 mixe
tures The charge wes preheated smd melte& as in Melt Five, and left
in the furnmce one~half hour after meltinge Upon examination the
following wes observed:

ls Carbon top

2+ Fused mess uncolored

%+ Concentrate at botton

Apperently no sction between the mixture end the concentrate had

teken place; therefore no semple was teken for analysise

Volt Fight
The fused mees from Melt Seven wns placed in a graphite erueible
with the concentrete up 2nd remelted es befores After the charge
melted it was left in the furnace for one half houre Upon examination
of the fused mess the following wes cﬁmmdt
ls Graphite top

2¢ Creen layer below graphite top, thicker then the one found in
Melt Six
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3¢ The sides of the hole were colored greens

4s In the concentrste at the bottom was found a brown=colored
streakes Green inclusions could also be seen in the concentrates.

Be¢ The fused mass was darkened sbout the seme emount as in Melt
Fivo.

Apparently Al,0g does have a greet deal to do with the formation
of the green layer since it seems to predominate when the AlyOg content
of the fused mass is raised.l .

The appearance of the brown colar in the concentrate end not above
8s in Melt Three indicates that the brown color is probably soluble in
the mixture, since in Melt Three it was found Just above the concentrate,
indicating that the color had moved upwerd end into the main part of
the mixture.

Analysis was made on the green leyer and on the darkened masse

Melt Nine
The one remaining crucible was charged with 100 grams of eryolite
and 7 grams of concentrates The concentrate wes mixed in the upper
part of the charge and placed in the muffle furnace to prehest. In
one half hour the erucible was found leeking so it was remowd. Upon
exam ination the following wes observed:
ls Fusion had begpun to teke place around the sides of the erucibles
2¢ The portions of the cryolite which were in contact with the cone
centrate showed a definite color changes The colors found were
vellow, orange, red and brown in different shadess
This indicates that intimate mixture of the concentrate and eryo-
lite would speed up the dissolving action of the eryolites It also

indicates that a roast or longer period of preheating would have an

increased effect on the action of cryolite on the concentrates The

27



best temperature would probably be just below the melting point of
cryolite or in the renge of 900 to 1000°C.
Only the yellow end brown colors were enalyzed since good samples

of the red and orenge were impossible to obtaine

Teble IIT Inelysis of Melts

Sample We=grems Wte Cr Wte Fo CrFe Ratio % 0r ¢ Fe
(Fe = 1)

Concentrate 042000 00609 «0436 1.4 3042 218
Melt 5 (& hr)
darkened m‘! 1.,0000 0..00501 «0013+ 3478 «501 ol3
Melt € (1 hr)
darkened mass 1.0000 0.01001 L0028 385 1.0 «28
Melt 6 :
green layer 0505 000026 #0018 1444(?) 5415 3,56
¥elt 8 (1 hr)
darkened mass 1.0000 040044 «0028 1.57 o 44 «28
¥elt 8 (1 hr)
green lnyer 01597 0.0055 »0058 «95 Sedd 5063
Melt 9
yellow color 01739 040046 L0032 led4
Melt ©
brown color 061880 0.,0022 L0014 157
Melt ©
roasted ore 042020 040524 L0374 led

On compering the effect of cryolite with oryolite and Al90z mixe
ture the amlysies in Table III shows that for the same period of time
end at the ssme temperature cryolite alone has a greater effects It
also shows that cryolite alone gives a larper chromium iron ratios The
eryolite, Al,0; mixture chromium iron retio is only slightly larger then

that of the original concentratee
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If the Aly,0g is replecing the Crp0z in the chromite, the product
formed (FeOAlg0s) is probably soluble in eryolite. By addition of
AIFS,- CaF, or NAF tho solubility of Aly0g in eryolite can be reduced.
This might offer & way in which the FeO content of the cryolite could
be controlleds |

The snalysis of the green layers shows that when cryolite is used
alone the chromium ironm ratio is very nearly that of the concentrate,
while the chromium iron ratio in the cryolite A1203 mixture green layer
showed a lower ratio. There was more of the green material formed when

the eryolite AlpOz mixture was useds

Miseellaneous Melts

Four other melts were made with the concentrate, usings (1} 475
grams ¥gCly, 750 grems CaCl,, and 500 grems NeCl (Nees'3); (2) caclgs
(8) NaCl; (4) NeCl and eryolites The first melt showed no setion of
the mixture on the chromite after being inm the furnsce for two hours.
The second melt with CaCl, showed & gray color after being in the
furnace for two hourse This is in egreement with the findings of the
Us S¢ Bureau of Miness NaCl alone showed no aection on the eoncentrate,
but the mixture of eryolite and KeCl showed a brownish color at the top.
This color is believed to be due to the ametion of the oryolite and mot
HaCle
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CON CLUSIONS |

Cryclite or a mixture of eryolite and Al,0; does atteck snd dis-
solve the chromite concentreste. Cryolite alone acts faster than s mixe
tre of eryolite and AlgOg when both are used under similer conditionse

The ection of Aly0g with ?ryoiite indicates that k!gCr204 is soluble
in eryolite and is one of the first materials to be dissolveds Calrp0,
may be dissolved in the first stages, but due to its color it is impos-
sible to determine this visually. Apparently F«OC:x'ZC)5 is hérgier to
dissolve since the green color does not appear until after eonaideraﬁle
time has elapsede The sction of Aly0z in replacing Cr.0p in chromite
is believed to be the reason for the lower chromium iron ratioc where
using eryolite and #150ge

Cryolite seems to have the ebility to raise the chromium iron ratio
during the first part of the melt. Whothér this would be true when sll
the concentrate is di ssolved is not knowne

The g;"een meterial f‘oméd may be a slage Its formetion is gpparently
increased by the addition of AlyOz to the melte Its chromium iron ratio

is slightly lower then that of the concentrate.
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RECOMMENDATIONS

In view of the fact that soms of the abowe conclusions are based :
on the few time~temperature melts that were mede, it i s recommended that
they be contimed to determine the meximm solubility of C:'-ZOS in eryo=
lite end whether the ehromium iron retio changes wﬂ:h the inereassd chro-
mium contente These melts should be made at a lower temperature, pref-
erebly a temperature at which the mixture is viscous enough to hold the
chromite wp in the melt. This temperature would be hetweeon 900 and
1000°Ca

In view of the results obtained in Melt Nime, an investigation
should definitely be made in which the effects of roasting eryolite
with chromite are detcrmined; the temperature range for roasting being
between 850 and 950°Cs

The effect of eryolite on MgCrzoé and CaCry0, should be investi=-
gateci, sinece it is knowm tﬁat chromite will breask down when roasted
vith Ca0 or Mg0, forming en acid insoluble chromite. 1}115 allows the
iron to be removed, thus solving one of the problems comnected with
producing a salsble produet from a fused electrolytes

The effect of decreasing the solubility of 1,03 by adding CaFa,
NaF and AlFs to eryolite should be investigated using a cryolite in
which chromite has been dissolveds By controlling the solubility of
Al503, it may be possible to control the solubility of Fe, since Aly0z
is as sumed to replace Cry0y in the chramitee

More finely ground materiel, preferably all passing & 100-mesh
screen, should be used in any roasting or leaching operation to speed
up the formation of the end products Goodmixing of the concentrate

with reagents will also speed up end give better results in a shorter
timee.
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