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INTRODUCTION

The purpose of this work was to find a commercisl
process for the preparstion of chromium, free from carbon,
for use in alloy steels. Chromium for such a use, should
be either pure or alloyed only with iron. The usual met-
allurgicael methods of removing carbon from ferro-chrome
were considered, and, as the price indicates, the process
is difficult and expensive. Zlectrolysis seemed to be the
only feasible alternastive.

The fused bath was considered, but given up for
obvious ressons. such & bath would have to be maintsined
at & very high temperature and would require a very pure
source of chromium. Electrolysis of an aqueous solution
aleso presented its difficulties. The only reasonably
cheap source of chromium for such a purpose is sodium chro-
mate. This could only be used in chromic aéid solutions,
which require about 15 Kw. hr. per pound of chromium. Suf-
ficient work had not been done on the chromium sulphate and
chloride solutions to know whether a continuous process could
be used. If they could be used, the power cost would be
about one-helf that of the chromic acid bath. Chromium
would have to be supplied to the chloride or sulphate solu-
tions in its lower valence. such a materisl would slso be

suitable for use with the chromic acid process.



The conclusion was, that to make chromium cheaply
it was necessary to use the chloride or sulphate bath and
to find a process for obteining chromium in the lower val-
ence from chromite. The problem then, divides itself
neturelly into two perts; (1) To get chromium from chromite
by some roasting and leaching process, (2) To make possible
the use of chloride or sulphate baths in & continuous proc-
ess. The primery Jjustification for the work was the mat-
ter of cost. Throughout the investigation this was con-

gsidered the most important factor.



ROASTING AND LEACHING

Extrection of chromium from the ore is effected
by: (1) Pyrometallurgical methods; (2) Alkaline oxidizing
fusion. Neither of these methods gives a product suitsble
for making & low carbon chromium alloy cheaply. Some
method of treatment, to be followed by acid leaching,
seemed to be the hest way to get the desired result.

A supply of finely ground South African chromite
was obteined. The screen analysis follows.

On 65 mesh (opening 0.0082 in.) 3.34 per cent

On 100 " ( at 0.0068 " ) 4.14 ¢ 8
On 200 " ( i 0.0029 "™ ) 16.46 " n
Thru 200 " 76,06 " "

The chemical analysis of the ore follows:

Crp03 46.02 per cent
Fel 12.,2¢ " ¢
Alg03 14.07 ® o«
8i0p 737 ™ w
lig0 15.30 "
Nag0(Kg0) 0.11 ™ m
Loss on ignition 3.66 " "

Totel 99,77 n m
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In order to find out what to expect from the un-
treated ore, it was trested with hot hydrochloric and sul-
phuric acids of varying strengths. The ore was stirred
up with the acid in a besker and kept at about 100°C. on
& hot plete fro two hours. This method of leasching was
carried out through all subsequent work. The results
(Table I) give a basis of comparison, but are not satis-

factory as a mesns of obtasining soluble chromium. By

Table I.

Leaching of Untreated Chromite

HpS04 HC1
Concentration Extraction Concentretion  Extraction
of Acid of Chromium of Acid of Chromium
36 N 19.2 9% 12 N 7.4 %
30 16.8 10 10.4
24 14.0 8 8.3
18 13.8 : 6 6.5
12 1 4 8.1
6 13.1

successive leachings with hot, concentrated sulphuric acid,
a total of 35 per cent of the chromium in the ore was brought
inte solution. This was not considered to be satisfactory

80 thaet no more was done to the rew ore.

A few experiments were carried out to find the ef-



fect on the ore of sulphuric acid, when heated to 350°C.
Very little increase in extraction was obtained. It was
thought that & weak endothermic resction occurred at 225°C.,
but control of the heat spplied was very crude, so that it
can not be stated positively. The results were so poor,
that it was not investigated further. Attempts were made
to form an s&lum, by the sddition of potassium sulphate and
sulphuric acid. These were heated to temperatures up to
500°C. without sstisfactory resnlts.' The addition of sul-
phur in this temperature range was tried, but it slso
failed.

Roesting at higher temperatures was then tried.
This was carried out in & tube resistence furnace (Fig. 1).
The charges were thoroughly mixed and plasced in sheet iron
bosts 8"x1"x1-1/2". Iron boats were used, since it was im-
possible to get refractory boats which were lsrge enough to
hold & charge of 10 grams of ore.

All the runs lasted for four hours. Temperature
was indicated by a chrome-alumel thermocouple. fhe rosst-
ing mcy be classified as chloridizing, sulphatizing, and
reducing. -

Chloridizing was tried in order to obtain a solublse
chromium sslt. This would be suitable s & starting point
for electrolysis. Common salt (NeCl) was used &s & source

of chlorine. To incresse its activity, copper-free pyrite

was sdded. A series of runs were slso made with the addi-
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tion of chercosal. The temperatures used were from 500 to
1000°C. at intervels of 100°. On leaching with water there
was no trace of any soluble chromium sslt.

Sulphatizing under oxidizing conditions was tried
with copper-free pyrite. Charges were mede up of 10 grams
of chromite and 10 grems of pyrite. These were treated to
temperatures between 500 and 1000°C. This was no more suc-
cessful than the chloridizing roasts.

Reducing roasts were then made with the intention
of obtaining aﬁ acid soluble suboxide or metsllic form of
chromium. The charges consisted of equal amounts of chrom-
ite and charcoal. Illuminating gas was used to maintain
a reducing stmosphare. They were heated to temperatures
between 500 and 1000°C. and leached with 6 normal hydro-
chloric acid. The results (Table II) show & decided de-

crease from the extraction obtained on treating the raw ore.

Table II.

Reducing Roasts 500°C.-1000°C.

Temperature Percentage Extraction
of Chromium

500 1.25
600 2.75
700 ' 3.25
800 2.10

1000 1.50



The extrsction seemed to become progressively smaller,
over 700°C., the higher the temperature. Evidently
there was no reduction, and the heat wass serving only to
make the chromium oxide more inactive. A charge of
chromite and charcoel was then placed in a crucible and
heated in & vertical tube furnace, with the intention of
heating to 1200°C. At 1175°C. the furnace burned out.
The thermocouple was also ruined, so thst the temperature
is not accurate. When leached, an extrsasction of about 40
per cent was obtained.

Reducing roasts at high temperatures were then
carried out in & gas fired, semi-muffle furnsce (Fig. 2).
The atmosphere of the furnace was kept as reducing ss possi-
ble by introducing pieces of charcoal and coke. Even then,
some of the charces showsd some oxidstion at the top. The
results show some unsccounted for varistions which are st-
tributed to this. The charges consisted of 50 grems of
chromite and varying esmounts of pulverized chercosl. The
amount of charcosl used, was cslculated, and is expressed
in percentage by weight of the chromite. They were thor-
oughly mixed and lightly temped into graphite crucibles.
Grenular charcosl was placed on top of the charge to & depth
of one=half inch. The covering leyer of charcosl wes per-
tislly replaced by coke on the longer and hotter runs. The
furnace was heated to temperature, snd the crucibles put in.

The time referred to in the table of results is the sctusl



time during which the crucible remsined in the furnace.
For the runs from 1150 to 1350°C., the above described
furnece was used. Temperature control was obtained
with & platinum-platinum rhodium thermocouple. For the
run at 1400°C., the heating was done in & carbon resist-
ance furnace (Fig. 3). Temperature was Jjudged with an
optical pyrometer. Due to the fumes it was difficult
to control this accurately. As it was necessary to heat
end cool the crucibles in the furnace, the time indicates
only the interval during which the furnace was at 1400°C.

After the results of the runs at 1350°C. were
obtained, it was plain that extraction was still increas-
ing and that something was causing great irregulerity in
the results. It was thought that a reducing agent free
from ash and in a finer state of division might give bet-
ter results. The run at 1400°C. with charcoal was there-
fore duplicated with lampblack. There seems to be soms
benefit from its use.

After heating, the charge forms a frisble cake.
Leaching was done with 6 normsl hot hydrochloric scid.
The amount of chromium extraction is shown in Teble III.
By leaching the residue with concentrated sulphuric acid,

an sdditionsl 5 to 8 per cent is obtained.



Reducing Roasts on Chromite (Charcoel)

Table III.

Bxtraction of Chromium expressed in per cent

10

1100°C.
Time (hours)
Charcoal
% of ore 1/2 1 1-1/2 2 3 4
15 1.2 1.5 1.0 0.8
20 1.8 1.6 0.8 0.9
25 1.8 1.9 0.9 1.0
1150°C.
15 1.4 T2 T g
20 1.4 2.2 1.6 2.5
25 1.3 2.8 2.8 3.2
1200°C.,
15 2.1 NG 8.1 14.4
20 1.9 10.0 15.7 o148
25 1.9 13.5 17,8 24,5
1250°C,
15 1.7 19.0 26.7 29.7
20 2.5 24,2 21.3 35,8 51.3 42,2
25 5.1 28.5 %5.8 39,6 50.7 43,8
30 33.1 42,0 51,0 46.7 50,8
35 34,3 49,2 50.7 44,5 41,3
1300°C.
15 11.0 31.0 39.4 42,7
20 11.2 3648 45,3 52,7
25 13,1 41,1 49,0 56.8 54,8 47,2
30 30.5 46,6 54.5 61.3 43,7
35 43,2 54,0 - 46,3 50,2
1350°C.
20 42,7 62.9 56.0 58.7
25 51.3 59,3 64,0 66.1
30 47,3 59,7 61,0 48,3
35 -- 58,7 54,5 53.5
1400°C.,
20 39.2
25 51.7
30 57.3
1400°C, (Lampblack)
15 55.0
20 57.0
25 64,2
30

52.7
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The conclusions concerning the reducing roests
at high temperatures are:

1. A yield of 70 per cent of the chromium in chromite
can be obtained, as soluble chromium sulphate or chromium
chloride.

2. The temperature should be close to 1350°C. Below
that temperature maximum reduction is not obtained and sbove
it, the ore frits and reduces the yield.

3. The time should be between two and three hours.

4, Lampblack is more efficient than charcosl as the re-
ducing agent. For this ore, the amount of cerbon should

be 25 per cent of the smount of chromite.
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CLEANING THE SOLUTION

The leaching solution, as it comes from the ore,
is & mixture of iron and chromium chlorides or sulphates
in the lowest veslence. Aluminum was found in the solutions
from the ore rossted between 500 and 1000°C., but was not
found in the ore roasted at the higher temperatures. Since
the practicai temperature for roassting is about 1350°C.,
the solutions under consideration were practically free from
gluminum., In the batch of solution on which the work was
done there was 68 per cent chromium and %2 per cent iron as
chlorides. At first 2 solution containing about 60gm.Cr/Liter
was used, but the precipitate obtained was so voluminous that
the solution was diluted to concentration of about 30 em.Cr/
Liter.

The method of cleaning was the differentisl precipi-
tation of iron hydroxide with a base, such as limestone. The
.chemical reasction is

Fep(804)35(+Crp(S04)3)+3CaC05+3Hp0 = 2Fe( OH)3(+Crg(804)3)+3CaS04+3C0g

2FeCly(+CrClz)+3CaC0s+3Hg0 = 2Fe( OH)3(+CrClz)+3CaCle+3C0g

It was expected thet with a‘limited smount of base, the chromi-
um would not be precipitsted. A series of runs were made in
which the emount of limestone was greduslly increased, by roll-
ing on its side for eight hours a large bottle containing 50 c.c.

of solution. Poor results were obtained as the iron was not com-
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pletely oxidized to the ferric state. Another series of runs
were made by agitating the solution in a tall narrow vessel by
serations for six hours. Thus both oxidation and sgitetion
were obtained. In these runs, precipitatied calcium carbonate
was used, instead of limestone, as it reacted more quickly. The
resultant solutions were very dark brown, indicating colloidal
ferric hydroxide or basic chloride. There was a great deal of
trouble exverienced in precipitating the iron colloid. The
solutions were heated with gelstin and with starch without co-
agulation. At the suggestion of ir. O. C. Ralston, of the U.S.
Bureau of liines, egg albumen was tried. This wes accompeanied
by more successful results. It was found thet if precipitation
is attempted before the colloidsl solution hss aged a week or
two, incomplete coagulation is obtained. This was not under-
stood until time was lacking to meke & series of quantitstive
determinstions.

from the results obtained, it was seen that six hours
was not quite long enough for complete equilibrium to be ob-
teined, but that there is a decided differential precipitation,
the iron being precipitated first. The iron hydroxide or basic salt
can be precipitated, after adegquate aging, by &lbumen. Albumen is
obtainable in commercisl forms, so thaet the method is not too
expensive.

If it is desired to precipitate chromium hydroxide,the
remaining solution, if sulphate, could be converted to ghloride
by the addition of calcium chloride. Limestone can then be used

without contaminating the product with calcium.
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ELECTROLYSIS

A review of the literature on chromium pleting
shows thet up to 1905, equal attention was paid to the
electrolysis of chromium selts and of chromic acid. Since
that time chromic acid alorne hes been used, This is due
to the fact that deposite from chromic acid are much better
then those mede from chromium chloride or sulphate. Since
electrolysis of chromium is used only for pleting, the na-
ture of the deposit is of prime importence. For the pres-
ent purpose, the nature of the deposit is not a metter of
such greaet importance as is the cost of the power consumed
in electrolysis., liore attention therefore has been given
to the work which has been done on chromium chloride snd
sulphate.

Bunsen1

was the first to deposit chromium elec-
trolytically. He used a boiling chromium chloride solu-
tion with a current density of 67 amp./sg.dec.

Placet and Bonnet took out seversl pstents be-
tween 1890 and 1895 for the electrolysis of chromium sslts.
They were considerably discredited by the fasilure of Shick
to get eny chromium from their recipes. ILater work seems

to show that they could be used satisfactorily.

Moller and Street (English Patent 1898) used a
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bath of sodium chrome alum and sodium sulphete. This was
kept at 90°C. and electrolyzed with a current of 40 amp. /
SQ.dec.

J. Peree® secured results with & solution of 16%
chromium chloride and 10/ hydrochloric acid.

Cowper-Coles obtained good deposits with a solu-
tion containing 260 grams/Liter of chromium chloride. His
current density wes about 5 amp./sg.dec.

Glaser® electrolyzed chromium chloride and pub-
lighed the results of variations of the current density and
of the concentrstion of the solution. The conditions were
not stated very completely. Zfficiency of deposition in-
cregsed with the current density and concentration of the
solution up to 158 gm. Cr/Liter.

Carveth and Curry4 give a review of the work on
chromic acid up to 1905, end show that 2 small amount of im-
purity, particularly sulphuric acid, saids the reduction of
chromic scid.

Carveth snd Mott® used & two-compartment cell with
sulphuric acid (sp.gr. 1.12) as the snolyte. The best depos-
its were obtained between 10 end 40 amp./sq.dec. Stirring
was found to reduce current efficiency. The nature of the
anolyte was found to affect the efficiency. Ammonia gave
the best results. The effect of varying the conditions was

investigaeted carefully on the chloride and sulphate baths.



16

ifficiency was found to increase with higher temperature,
current density and concentration of chromium in solution.

Le Blanc® working with a solution containing 89
grams of Cr/Liter snd 2 grems H5305/Liter, decided that
thick deposits could not be made from & sulphate solution.

A current density of 10 to 20 amp./sq.dec. was used, at
temperatures between 25 and 50°C. On sdding chromium hydrox-
ide a leafy deposit wss obtsined.

O0f the three solutions which have been used, chro-
mic acid is by far the most suitable. It can easily be kept
up to the desired concentration, so thet it is very well
adapted to use in a continuous process. The theoretical
amount deposited by one smpere hour is 0.3229 gram. Only
about one-third of this is ever ohtsined, so thet where pow-
er is a major consideration, the procees is not practicsable.

Chromium chloride solutions give & deposit which
is not suitable for electroplating, but which is all right
for refining., The theoretical yield is twice that of chro-
mic scid (0.6458 gm./amp.-hr.) Current efficisncy over 30
per cent is seldom sattsined.

Chromium sulphate solutions have the ssme advan-
tages as the chloride solutions, with two exceptions. The
current efficiency is & little higher. The condition of &
sulphete bath can be controlled more essily then that of the

chloride bath without introducing impurities. It was con-
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sidered thet the sulphate solution would be most satis-
factory, So thet practicelly all the work was done on it.

A few tests were made on chromic acid baths to
which chromic hydroxide had been added. A solution of 16
CrOz and 0.5% Crg(804)3 was saturated with Cr(0H)z. The
electrolyzing vessel was a 400 c.c. besker. A cylindricsal
lesd anode was used. The cathode was & mild steel bar 0,340
inches in diemeter suspended from the top., Cooling was ef-
fected by plecing the vessel in a larger beaker in which wa-
ter was circulated. Excess Cr(0H)z was kept in the vessel,
Cathodes were ground smooth, pickled in sulphuric acid, wiped
dry and weighed. The results of these runs sre shown in
Tahle IV.

Table IV.

Electrolysis of Chromic Acid Saturated with Cr(0H)3z

CeDs Yield Time
Amp/sg.dec. Temperature Gms/smp.hr. Hours Remarks
8.5 20 .0865 7 Smooth, good deposit

10 20 .0908 6 " " "

12.5 20 .0948 6 i i ¥

12.5 £5 «0906 & L i n

15 25 1000 6 Rough

15 30 .0914 6 Smooth

25 30 .1082 4  Growths

5153 30 « 1190 3 smooth

45 30 1173 2 "

55 30 « 1170 2 Fairly smooth

40 35 «1128 2 Rather rough

5 30 .1100 & 0.5 gm.Vp0p. Deposit cracked

35 30 - 2 4c.c. 20j% solution TiClg.
Badly cracked

35 30 .1027 3 0.5 gm.Fe(OH)3.Go0d deposit

5 30 « 1075 3 0.5 gm.A1(OH)z. ™ L

95 30 -- - 0.5 gm.5nClp.Badly cracked



18

No attempt was mede to keep track of the previous
history of the solutions for each run. The tests were made
with the purpose of finding out the physical characteristics
of the deposits, rather then to obtain the maximum efficiency.
Additions of several metellic salts were tried to find their
effect on efficiency and nature of the deposit. The most
favorable sddition wes a2luminum hydroxide. The deposit was
more smooth and showed less tendency to growths. The lower
current densities used with each temperature gave the better
deposits. The most satisfactory deposits were obtasined at
the lower temperatures, 20 and 25°C. with current densities
of 10 end 12.5 amp./sq.dec., respectively.

Electrolysis of chromium sulphate solutions weas
carried out in a two-compartment vessel. A porous clay
cup Which held about 170 c.c. held the cathode solution.
Qutside of this was & cylindrical lead enode. The cathodes
were mild steel bars 0,340 inch in diameter. sulphurie
acid (sp.gr. 1.12) was used in the anode compartment. Thel
whole cell was kept in & larger besker which was filled
with water and heated or cooled a&s required. Thermometers
were kept in the cathode compartment and in the cooling
water. A disgram of the cell is shown in ®ig. 5. ?

Due to & temporary shortage of chromium sulphate,
& solution wes msde up by neutralizing sulphuric acid with

chromium hydroxide. This was concentrsted to sp.gr. 1l.45.

Electrolysis with current densities up to 100 amp./sq.dec.
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and temperatures from 20 to 90°C. feiled to give any deposits.
A small supply of chromium sulphate menufactured

by Merck and Compeny sbout fifteen yesrs ago was obtained.

It wes dissolved to form a solution of sp.gr. 1.35. A few

guelitative runs were mede, in which it was found that sat-

isfasctory deposits could be obtsined between 60 and 90°C.

and up to 40 amp./sq.dec. A series of tests were begun,

using a fresh solution each time. The chsnge of efficiency

on continued electrolysis was so greet that it wes impossi-

ble to use them more then once. Two of the runs were com-

pleted (Table V). It was impossible to duplicste this batch

Table V.

Chromium Sulphate (Merck sp.gr. 1.35)

30 amp./sa.dec. 80°C.

Time Amp.hr. Gm.famp.hr. Efficiency Remarks
1/ br. B5.63 -- --
1/2 3.63 .1284 19.9
1-1/2 11.1% .1892 29.3 Treeing
2/3 4,67 . 2800 43.4 Good gray deposit

30 amp./sa.dec. 90°C.

1/8 3.57 o i

1/2 357 .0362 5.6 Black deposit
1-1/2 10.85 .0677 10.5 Dark, with trees

1/2 3.67 <2370 3647 Good, gzray

0of chromium sulphate, so that the results are given only to

show the difference between different lots. They also show
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that 90°C. is too hot and reduces the efficiency.

A supply of chromium sulphate C.P. made by the
J. Te Baker Co. was obtained. This was used during the re-
meinder of the work. This wes dissolved to form a solution
of sp.gr. 1.35 containing 107 gm.Gr/Liter. After & few tri-
gls, it was obvious that the efficiencies obtained with this
lot were not comperable to those obtsined from the sulphate
from lierek. Also that the change of efficiency during elec-
trolysis was very great. Therefore, seversl long runs were
msde. The tempersture was 80°C. + 2° and the current density
40 amp./sq.dec. These runs checked feairly closely on the
whole. A representative run is given in Table VI. 4s is
gseen in the accompanying graph, the efficiency is prectically

zero for a time, rises to a pesk, fells off and again rises to
Table VI.
107
Chromium Sulphate/ gm./L 40 amp./sq.dec. 80°C.

Totel Deposit

No. Time(hrs) Amp.-hr. amp. /hr. Grams Efficiency pH
1 : % | Qe T - - 4,58
2 2 19.36 28,56 1,38956 11.1 2,19
3 1 9.53 37489 1.3482 &l.8 2.67
4 1 9+52 47.41 1.3608 28¢2 2.28
5 1 9.50 66,91 1.4604 23.7 2455
6 L 9.50 66.41 1.1366 18.5 2.48
7 1 9.60 76.01 1.2418 20.0 2443
8 1 9.90 85.91 0.7661 12,0 2450
9 1 9.6 95.54 0.7900 187

10 1 9,80 106.34 0.9718 15.4

19 i 2.88 115: 22 1.0004 15.75

12 E 9.70 124.92 1.2289 19.5

13 ik 9.60 134.52 1.02453 16456

l% 1 9.60 144,12 0.8166 13.2

15 & 9.80 168.92 0.6985 11.0
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a second peak, somewhat lower then the first. The deposits
which were obteined at the first pesk were the best and were
like the chromie acid deposits. Those obtained after the

peak was passed, were fregile and cracked eesily. Attempts
were made to achieve the second peak while the bseth wes &t a
higher concentretion of chromium. It was hoped that the effi-
ciency would he higher. This wes not achieved, &s the depos-
its cracked too badly.

For a continuous process, it would be necessary to
add chromium hydroxide or chromium sulphste. Addition of the
lsetter is possible, but requires more attention to the ceondi-
tion of the path then was possible in this investigation.
Chromium hydroxide was thought to be & more simple solution.
At first it was prepsred by the precipitation by emmonia from
chromium chloride, Later it was precipitated by calcium car-
bonate. Slightly better results were obtained with the latter.
It was washed free of the mother liquor, but the smount of bas-
ic chloride was not determined. It was kept damp and weighed
out wet, after the amount of chromium per unit was determined.

A solution of sulphate was electrolyzed to a point
Just beyond meximum efficiency. Enough chromium hydroxide
was added, so that, spparently, the chromium content of the
golution would be compsrsble to that which wes present just

before the maximum wass resched. As it did not dissolve

regdily, the mixture wes agitated, heated, sllowed to stand

24 hours and filtered. 7The solution was then electrolyzed
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Green oxide of chromium was deposited along with some metal.
The metallic chromium cracked very badly and wes black, with-
out metallic luster. Boric acid wes tried in the amount used
by Le BRlanc. It made matters worse. The chromium hydroxide
was thought to be in the solution s & colloid, and some
gstudy was put on the subject from this point of view, but
without result. Hydrogen ion concentration vslues were then
obtained, which are inserted in Teble VI. PFrom these it was
found that good efficiency is obteined at & hydrogen ion con-
centration of pH 2.5. This can vary between pH 2.3 and pH
2.7, but outside of this renge there is & noticeahle falling
off in efficiency end character of the deposit. Chromium
hydroxide was dissolved in the electrolyzed solutions until
the hydrogen ion concentrstion was up to pH 2.5. Deposits
from these solutions were a little better than from those in
which chromium content was used as & basis of control.

A solution wes then prepasred as sbove described to
which was added sbout 50 grams per Liter of 1gS04.7H20 and 10
grems per Liter of NaF. Deposits were obtsined which were not
guite as good as those deposited from & pure chromium sulphate
bath, but which we%? fsr better than any obtesined from the so-
lutions containigziégromium hydroxide. Time was lacking to
meke a thorough study of the bath or the conditions under
which it should be electrolyzed. A few values were obtsined,
which are shown in Teble VII. The physical chsracter of the

deposits was not all that might be desired, but show grest
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Table VII.
Chromium Sulphate with Cr(OH)z, MgSO4, N&F

Current
Density Effieci-
No. Temp. amp./sq.dec. Gm/amp.hr. ency Remarks
d! b60° 10 +3138 48,7 Not very good, some Cr203
B 50 16 « 3484 54.1 Formed trees
;) 60 16 2256 34.5 Good, ribbed
& 80 16 -- -- Poor, cracked badly
5 50 22 . 3026 46,9 Good, tendency to crack
o 18 35 - - No deposit

promise. The efficiencies obtained are very good and show that
the cost of electrolysis for the purpose of refining, is not
prohibitive., The voltage across the cell is about four volts.
Assuming a yield of 0.256 grams of chromium per ampere hour, the
power reguired for a pound of chromium would be less than eight
kilowatt hours.

All the chromium which diffused into the anode compart-
ment was oxidized to chromic scid. This suggests the possibility
of & very desirable by=-product, which would materislly reduce the
cost of electrolysis for chromium.

A few experiments were msde with the solutions as they
came from leaching the ore. As these solutions were chlorides,
no great smount of time was egpent on them, since the sulphate
solutions would be used in any commercisl process. The sim was
to find out whether iron end chromium could be deposited to-

gether. The current density was sbout 20 emp./sq.dec. and the

temperature 40°C. At first iron slone was deposited. This
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cracked snd hed to be removed. When the solution was some-

what more lean in iron, & coherent deposit was obtained

which was plated to a thickness of about one-sixteenth of an
inch. It then became too rough for further deposition. This
alloy contained about 40 per cent chromium. By careful con-
trol of the iron in the solution, it should be possible to msake
ferro-chrome with & higher chromium content. The yield of
chromium wes not accurately determined, but seemed to be about
tne same or a little less than in the straight chromium solu-
tions. Since the cost of cleaning the solution is dispensed
with, it should be chesper to make ferro-chrome than pure chro-

mium.

Conclusions.

1, Thet good deposits can be obtained from chromium
sulphate solutions if the proper degree of acidity is msintained.

2. Thet chromium can be plasted from chromium sulphate
solutions containing magnesium sulphate and sodium fluoride
when kept neutrslized and concentreted with chromium hydroxide.

3. That the yield of chromium is at leest 0.25 grams
per ampere hour snd thet probebly 0.30 grams or better can be
obteined. The power used would smount to six to eight kilowatt
hours per pound of chromium.

4. That ferro-chrome can be mede electrolytically.
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GENERAL SUINMARY

In the work on this subject, it has been the aim
to develop & complete process, Most of the results only in-
dicate what can be expected, rather than determine actual
conditions under which operations should be carried out.

Due to & lack of time, many slternative methods have not been
investigated, so thet much work hsas ﬁet to be done before the
process could be undertsken commercislly. However, it has
been shown that there asre commercial possibilities in the
process which Jjustify further work along this line. The re-
sults which have been found follow in their natursl order.

l. Finely ground chromite is roasted with 25 per
cent of ifs weight of lampblack or finely powdered charcoal
(for this particular ore) at 1300 to 1360°C. for two to three
hours, under reducing conditions.

2., The resultant sponge is lesched with concentrated
sulphuric acid at 100°C. It can reassonably be expected that
the yield of soluble chromium will be about 70 per cent. With
ores in which the gangue is less fusible, a greaster extraction
is to be expected.

3. The leaching solution, containing iron and chro-
mium salts, is then cleened of iron by precipitation with
finely divided limestone, sfter egitation with air to oxidize

the iron end chromium.
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4, The remasining chromium sulphate liguor may be
used as it is, after concentration, for the electrolysis,or
the chromium may be precipitated as chromium hydroxide.

The latter is produced by conversion of the sulphste to
chloride with calcium chloride, and precipitation of the
chromium hydroxide with limestone., Chromium hydroxide is
then sdded to a chromium sulvhate solution in the process
of electrolysis.

5. Chromium is then plated out from a chromium
sulphate solution in & two-compartment cell, to which has
been added megnesium sulphate and sodium fluoride. This
bath is kept up to strength with the product obtained from
(4). The chromium concentretion is' kept high and the hydro-
gen ion concentration must not vary greatly from pH 2.5.
The conditions of current density and temperature have not
been determined closely, and the nature of the anode solu-
tion has not been investigeted. The power cost is not more
than eight kilowatt hours per pound and can probably be re-
duced to five or six kilowatt hours per pound.

6. If it is desired to mske carhon-free ferro-
chromium, the cleaning and precipitation of the iron are
eliminated. The only trestment required before electroly-
Sis is concentration of the leaching solution. The condi-
tions for deposition have not heen accurately determined,
but the work done indicates thet sn alloy of the same

ratio of chromium to iron as in the leaching solution, nemely
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68% Cr and 32/ Fe could be produced. The cost of electroly-
sis per unit of chromium is about the same as that for pure
chromium. The slloy is absolutely free from carhon and
should be very suiteble for use in the production of slloy
and specisl steels,

7. In the anode compartment, chromium can be oxi-
dized to the chromste with high efficiency. No extra pow-
er is required for this, so that it can besr a part of the
cost of electrolysis. Thus, by the production of a readily
salable by-product, the cost of electrolytic deposition of

chromium is lowered.
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