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CL VE L ACHING F MONTANA CHRO ITE 

I. I ODUCTION 

The United States is the world's largest consumer of chromium 

and yet, o estic 

rod ction tat 

roduction is so small compared to world 

ave a ays been dependent on foreign sources for 

t greater erce ta e of our c romi cons mption. In times of peace 

and ros erit e do ot orry about this de endence; indee, it ay 

be consi ered adva ta eous as a sti ulant to free world trade. In 

ti es of int ratio al tress, this situation may be reversed. tor Ld 

ar I is an e ce et 

not ade fore ere c 

of what ca develo when provisions are 

plies of a strategic mineral like chromium. 

At t e outbr a of ar, e eeded large supplies of chromium for 

c romi -al oy tel 

st an 150,000 to 

ar a ent. The world reduction of chrome ore 

and do estic production was ractically nil. 

Te United State d ve o ed a u ber of small, high cost deposits, but 

t ric of 1 rod cts soared to fantastic heights. 

Do stic r ce ro fro 5 0 ars per ton to 100 dollars per ton of 

or d oce n fr co t a one ros as high as 65 dollars per ton. 

V at th r C in w snot available, and t ere 

a chro u ar period. 

Two taken to prevent a recurrence of 

h t a st he overnment can stockpile 

h or to C roduct n '"an reach a leve were 

ort 0 r a C n Cat research n the 
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develop ent of o -gr de deposits, so that if it becomes necessary, the 

country can pro uce 007o of its own consum tion. 

The largest nown domestic deposit of chromite is located in the 

tillwater and S eetgrass o nties in Montana. This ore can be concen 

trated by gra ity se aratio to meet chromic oxide requirements, but 

the c ro ·ron ratio is too o to meet present standards for direct 

se i t e an f ctr of steel. 

istory of C 

Chro u as i cov red by the rench chemist, Louis Nicolaus 

Vauqel 

fore any gr at 

0 C romi 

abou th year 797; however, a hundred years ela sed be- 

e s a e of chro i 

n ro a Stee 

• Berthier ublished a a er 

as early as 1821, and E. Fremy 

i a er on Crystal ze C ro i mad Its Alloys in 1957; however, 

ery i t ttent o as aid to these develo ments. In 1905, Gold- 

SC i t velo t ino-t rmic recess for producing chromium 

tal. d t ro first real interest in chro i m 

to in electrical-resistance al oys. 

C op a C a roe ss for th reduct- 

f r oc ro on a carbon a d silicon red ction, 

5, ro q co n. ro that ti e until 

t, c ro ayi an ever-increasing role in the 

t C 0 y r asonab to assu e that chro i 

t d ro ac the tal industry. 

blished 
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ineralogy and Geolo 

Chro ite is as inel hose composition can be ex ressed by the 

for ula (M ,Fe) (Cr, 1, e)
2 4

• The ma nesium replaces the divalent iron 

and t e aluminum re laces t e chromi and/or the trivalent iron. 

thoug the de re of replacement varies, minerals of this general for- 

ula are usually iv n t e road mineralo ical name "chromite . hen the 

replac ent has be extensive, t e ore is named chrompicotite'. 

The s i 1 gro s d Iv Lded into three series based on the 

do inant triva nt e ent: 

( ) i e series Al as A12o3 
(2) agnet·te series Fe as Fe2

o
3 

(3) Chro it eries Cr as cr2o3 

From numerous a al se , it appear s that nat ral chromites are 

essentially olid o to s of var·ous s inel. The bivalent FeO of ure 

chromite ay be r aced by 

ent el ment. n, n a d 

s arde . T 

n, Mn or i. Mg is the normal replace 

lace Fe so rarely that they are us ally 

ay be r lace by trivalent 1 or Fe. 

r no a a aunts n natural chro ites. 

co t·es con t1. 

vera e rad o 

t at o 

or 

0 ( 

e de os·ts in th Stil water and sweetgrass 

7 io oft e domestic chromite resources. The 

lo 

ocat Ca · for · 

T ourc 

en 35 and 40 er c nt cr
2
o3) and 

h oth r domest·c de osits are 

nd 1 s a. 

o chro ·t ar I dia, Africa, hodesia, 

d r co V a rd osit th n the United tats 
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ith a hi her chro ite content and a more favorable chrome iron ratio .. 

The African and Indian chro ites have a chrome iron ratio of 3:1 and 48% 

Cr
2
o
3

• The hodesian chro ite averages about 467o cr2o3 with a chrome 

iron ratio of 2.7:1. The rade and chrome iron ratio of the Turkish 

chromite is re orted to be q ite high, but no actual figures are avail- 

able. 

ro erties 

Chro iu 's atomic ·n her is 24 and its atomic weight is 52.01. 

Co trary to o u ar bel·ef, c romium is not hard and brittle, but quite 

ductile at roo te erat re en pure. However, small traces of oxygen 

and nitrogen tend to a e c romi m very brittle. This is a common 

c aracteristic of all boy-centered cubit metals. Other physical proper- 

ties of chromi incl e: elting oint - 1930°c; boiling oint - 2480°c; 

agnetic ro erties - ar a netic. 

Chro um rea 1 y for st re series of compounds: 

() C romo s com on s, crx2, containing divalent chromium, 
oderately basic. 

(2) C rom·c co oun s, Cr 3, containing trivalent chromium, 
w a ly b ic. 

(3) co ou d, Cr 6, containing hexavalent chromiu, 
acid. 

a 

entava t co 

ell- nown co ounds, univalent and 

o c ro 1u hav been roduced under controlled 

cod to 

U e 

T 0 rt f c ro oduction ·s cons d y 
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the steel industr. Chromiu, when added to steel, makes the steel much 

stro ger, harder, resistant to acid corrosion, and more susceptible to 

magnetism. Ferro-chro e, rather than pure chrome, is used as the alloying 

agent because it is c cheaper to reduce. 

Aside fro the steel industry, chromium chemicals have many im 

portant ind strial ses. Te four major consumers of chromi m chemicals 

are: 

() igment industry 

(2) eather and textile industry 

(3) Che ical industry 

(4) urface treatment of metals 

n add ti.on to th se ajor users of chromium chemicals, the oil 

and gas industries set em in corrosion control and the preparation of 

catalysts; the food and beverage industries use them in refrigerating 

brines and c eansi g co o nds, the pyrochemical industry uses them in 

atches an firewor s, and t y are essential to the photographic in- 

dustr es in 11.t ogra y and engraving. 
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II. STATEME T OF PROBLEM 

The urpose oft is investigation was to determine the feasibility 

of caustic autoclaving of ontana chromite in order to recover the chromium 

in a relatively pre sol tion of sodium chromate. It was amply demon 

strated by Jerry D. Mur hy in 1948 that this concentrate could be treated 

by means of a caustic roast and water leach to produce sodium chromate. 

However, Chester resho r attempted direct caustic leaching with negative 

results in 1949. It as felt that leaching at high temperatures and 

ressures might roduce a sodi m chromate solution and at a lower cost 

than that of the roastin and leaching operat·on. 

Analysis of Ore 

A sample of this concentrate (the mineral chrompicotite as de 

termined by X-ray diffraction; A pendix, Figure I) was taken by the 

U ited States Breau of ines for assay and test work. The assays of the 

ore and t e tab e concentrate are listed in Table I. 

TABLE I 

t er Cent 
Ore Concentrate 

43.15 

25.70 

n 

2 3 

gO 

26.41 

17.23 

1.02 

12.72 

23.76 

17.24 

12.20 

1.60 

2 



7 

III. LAB AT Y P OCEDURE 

The direct ca stic au oclaving of a chromite concentrate has 

a arently never been investi ated. Chester Freshour, at the Montana 

School of ines and t e United States ureau of Mines in Boulder City, 

evada, atte pted ca stic eaching at atmospheric pressures. Chester 

reshour was un uccessf n obtainin any positive results, but he felt 

at th ti that eaching i ht ave been successful if it had been done 

t i tern erat rs and r ss res; owever, he was not equipped with 

ten cessar a toe ave. Te reau of Mi es did not ublish their re- 

s lts, o ·t ·sass ed t t t e ere ne ative. 

·tt1 

indhausen 

of O ormal so· 

t 

en done on ure chromite. c. Fricke and 

sol bil ty of rec romite in a solution 

n agitation time of three days gave 

the best result. B. 1 ter di est d the chromite with sodium hydroxide 

an iron v se at S00-600°c., thro gh which was passed a current of 

a et as o added to the ixture. Chromite and 

c ro ·cotit ay ot ave ·de t ca b nding so these two sources of 

for atio 

er t 

er o y · dir ct d cations to what mi ht be used in this 

b re t tis o erat Lon are ti e, temp er a tur e, 

e r a d 1 d · 1ution. eness of 

d. e d co sta t b caus of the li it d sco e 

0 t· t 0 . at w roun in a pu ver zer to ass 

0- scr en. h on as ai tain d at 7.51o so l Lds , 
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During eac exper L e t, t e conditions in the autoclave were 

changed from to to five ti es, each set of conditions representing 

one test. The rea ents added ere the only variables that could not 

be changed after the ex eri ent had started; therefore, the reagent 

as varied only at t e beginning of each experiment, a total of fifteen 

t· es. Altho gh t e pres re as variable, it was dependent on the 

tern erat re and old be co sidered a dependent variable. The only 

inde endent vari b s er tie and te perature. 

Laboratory 

The a toclave s d for this ork is illustrated on page 3 of 

the a pendi . tis a roduct of Autoclavin Engineers, Inc. and was 

d signed especia y for aboratory work. It has a one-gallon capacity 

and can conta·n r ss res to 1200 psig. A safety valve is set at 

200 sig to relea e e ress r when this maximum valve is exceeded. 

The constr ct·on is of 8-8 stainless steel to minimize corrosion. 

et perat r is contro ed by a oneywell heating control unit. 

The ·n·tia test -a a one-hour leach with sodium carbonate 

rs t were negative so the temperature was 

ncr to . ( 95 l. ) • ain, the result were negative, so 

t s nc a ed 0 S00°F. (680 p s i g}. The res lts of 

h s X ri en ere 11 ne at ve, and the first signs of difficulty 

n utoc av C 0 c ro ·t becom·n a arent. 

co d X r ent so odium carbonate leach, ut 

l t h a 0 id"z g a nt re nt. he o idizing atmos here was bas d 
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on the roasting oft is concentrate in an oxidizing atmosphere by 

Jerry D. Mur hy. Seventy-five grams of sodium nitrate were added to 

the sol tion, but again the results were negative. 

xperiments 3 an 4 ere run with a sodium hydroxide leach 

solution int e ex ectatio that sodium hydroxide might rove to be 

a stronger reagent, but a ain the results were negative. Ten normal 

sodi hydroxide as used in Experiment 3, and a mixture of sodi m 

hydroxide, sodi m carbo ate, and sodium nitrate was used in Experi ent 

4. 

At this oint, ·t a decided that sodium nitrate was an un 

fortunate c oice for an oxi izing agent because nitrates are relatively 

ineffective oxidizers ·n ba ic solutions. Therefore, sodium peroxide 

as used as the oxident in Experiment S. The results were good, but 

when the exp ri ent as re eated, the results were negative. The posi 

tive results, first obtained, were due to an error in the assaying 

rocedure and the ex er· ent had to be discarded. 

Experi ent 6 as a sodium carbonate leach with sodium peroxide 

a an oxident. Twenty-f·ve psig of oxygen were added to give the re- 

action an oxid z 

t wa o d tat 

at osphere. Oxy en as is relatively stable, but 

rox de would act as a catalyst for the 

o idation by o2• h resu ts of this experiment w re negative. 

t e med dv·sabl at this oint to examine the bonding in 

the ·neral tse £. er ent 9 was run with this pur ose ·n mind. 

amp of concentrate, before and after leaching, were analyzed with 

th X-ray. u t t th as are different in ma nit de , 
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b t not in position Te fact tat the peak ositions were unchanged, 

proved tat the bonding had not been touched by the sodium carbonate. 

The change in ea agnit de o y indicates that one sample was finer 

than the ot er. The denser sample roduces the higher peak. 

E peri ents 10 throug 15 were based on the work of C. Frie e, 

C. i dhausen, and Bil water. e time of leaching was reatly in- 

creased to try to brea t e bonding in the mineral. Experiments 10 

trough 11 were ru for eventy-two hours with ten normal sodium hy 

droxide. Ex eriments 12 and 14 were also run for seventy-two hours, 

ut ·t t e additio of odi eroxide as an oxident. Experiment 15 

as run for inety-six ours ith otassium ermanganate as the oxident. 

The results were negative 1 all cases. 

Test data are tabu ated o ages 3 and 4 of the appendix. 
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C CLU IO 

T reason forte ne ative results in this ex eriment should be 

ex lai ble on the b 1s of the ther odyna ics involved; however, a 

lit rary searc failed to ncover any thermodynamic data ertaining to 

these tests. I t e absenc of the necessary data, the conclusion can 

only ea att r of co jectur. 

5% chro iu recovery is oss 

t first glance, it would seem that if 

e with a caustic roast and water leach, 

a caustic leac at i t erat re and pressure would roduce similar 

results. e fact tat t ese rs ts were not reduced indicates that 

a react on ta e lac t e roa t that is unobtainable in the auto- 

c av. Jerry y ote on q ation for the roasting reaction: 

2 e ·cr2 3 + 2C 3 t 702 = e2 3 + 4 a2cro4 ~ 4C 2 

T q t ·o C ca ly sound; however, it does not tell t e 

co 1 te t eor . 0 g t e ·Cr2 3 to a2cro4, the chromium m st 

r t be oxid"ze to rea s i e bonds after which the Cr can be 

0 i iz 0 u car o ate is not an oxidizing agent, the first 

ac 0 t e o yen and the chromite to break the bod 

0 rod c c ro cid £ rr · c o de. 

2 ·2Crz 4 2 = 4Cro3 + Fez 3 

C 0 C C d r nd react w·th th sodi carbo ate 

0 od c 0 C 0 q ·te so ble in cold water. 

C 3 zC = 2cro4 1- CO2 
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If this theory is cor ect, the rea·on for the failure of the 

autoclaving operation ies in the fact that extremely high temperatures 

are needed to brea t e ond and to oxidize the cr2o3 to Cro3 and these 

temperat res ere not obtainable in the autoclave. 

ations 

I wold reco e d at any further research in the autoclaving 

of chrompicotite be one n conJ nction with a roasting o eration. If 

t e inera i first oaste to break the bond and oxidize the Cr2o3 to 

Cro
3

, the a toclave i t rove to be very effective in the subsequent 

leaching o eration. 

Tise eri ental or was initiated with the idea of finding a 

c ea ethod of roduc·ng sodi chromate by eliminating the roasting 

o erat·on. T 

f asible in th 

e ii ation oft e roasting o eration now seems in 

i ht o t se experim ntal results. 
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L RATO Y TESTS 

0 

ent Test ea ent Time Temp. F. Pressure ec. 

1 1 150 gms a2co3 1 hr. 212 0 0 

2 1 hr. 380 195 0 

3 1.5 hr. 500 680 0 

2 1 150 s a
2
co

3 
1 hr. 300 100 0 

75 s 03 400 2 1 hr. 250 0 

3 2 hr. 400 250 0 

4 4 hr. 400 250 0 

5 6 hr. 400 250 0 

3 1 10 . aOH 1 hr. 300 67 0 

2 1 hr. 360 150 0 

3 4 hr. 440 380 0 

4 1 200 4 hr. 300 67 0 

100 
2 30 12 hr. 360 150 0 

3 17 hr. 400 320 0 

azC 3 -------------Discarded----------- 
82 2 

so 4 hr. 250 70 0 

2 
2 2 1.5 r. 350 200 0 

7 so zC 3 4.5 hr 250 30 0 

2 1.5 r. 350 130 0 

50 4 hr. 250 30 0 

20 
2 0 2 3 r. 350 130 0 
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t T st ea ent Tie ressure ec. 

9 a2co3 6 hr. 350 130 0 
az 

0 0 . a H 24 hr. 300 67 0 

2 48 hr. 300 67 0 

3 72 r. 300 67 0 

10 . a H 24 hr. 360 150 0 

2 48 r. 360 150 0 

3 72 hr. 360 150 0 

0 . 
20 24 hr. 300 67 0 

2 48 r. 300 67 0 

3 72 r. 300 67 0 

1 10 . 0 24 hr. 500 680 0 

2 36 r. 500 680 0 

72 hr. 500 680 0 

0 . 24 r . 360 150 0 
30 

2 8 r. 360 150 0 

74 r. 360 150 0 

3 r. 500 680 0 

2 72 r. 500 680 0 

9 r. 500 680 0 

0 t C n . 
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ANALYTICAL P OCEDU E 

The standard analytical method for determining chromium in 

chromite required too much time for its use in this series of experi 

ments. Therefore, a simplified method developed by G. Fredrick Smith 

and c. A. Getz, was adapted as the standard analytical procedure. 

Jerry D. Murp y used this same rocedure and also developed a method 

for assaying solutions for chromium. Murphy's method for sol tion 

analysis proved quite accurate and was used throughout this work. 

The solutions and apparatus required for this analysis are: 

Chromite olvent - 8 parts of 95% sulf ric acid and 3 parts of 
85% phosphoric acid. 

Oxidation Solution - 2 parts of 72% p~rchloric acid and 1 part 
of distilled ater. 

standard Titrating solution - 0.05 . ferrous sulfate and 
0.10 N. eerie sulfate. 

Indicator - 0.025 M. solution of ferrion. 

Other Reagents - Finely-ground crystals of potassium ermanga 
nate, dilute HCl (1 to 3), and dilute H2so4 (1 to 1). 

pecial Apparatus - Digestion flask still head. 
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ineral 

Gr· d the s mpl to ass ins 100 mesh and dry for two hours 

0 c., t e bet een 100 ad 150 milligra s of the sample and put 

r 500 milliliter rlenmyer £las. Add 10 milliliters of chromite 

d s 1rl vigoro sly at once to get the sample in suspension 

th trong tende cy of the aterial to form a cake and 

C to fl dJ st t ere uxing still head in the neck of 

d ea to e tl oil. g, continuing the swirling motion 

0 ift 

t e 1 on 

hie ar ot 

te or ti the sa ple is entirely dissolved. 

0 

ithout swirlin five minutes longer. 

di so ved 1n the time given should be ground 

to at i 

t of i so b 

0 t s grayish-green in color and only 

ilica will be found suspended in 

0 r ot flas, a laboratory metal clamp can be 

p 

0 cont t oft fla to coo for a minute and add, 

0 2 tr of oxidizing solution. The 

t y to darer green color. Place 

z d fro a lat·num wire, in the 

he solution temperat re has 

h dro lets of condensed 

· d r fluxing down the 

fro a reen to an oran e 

t th end of five 

or n , cont·nu unt 1 
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emove the flask from the source of heat, cool for a minute, 

add about 70 milligrams of otassium permanganate, and swirl the flask 

to dis erse the per anganate. ith continued swirling, carefully dip 

t e flas i to cold water. After eight to ten seconds, add 125 milli- 

1·ters of distilled ater through the still head. The solution will 

ave a cherry red color at tis po·nt. 

emove and rinse the still head and thermometer and rinse the 

fla all . dd about twenty-five illiliters of dilute hydro- 

c or i,c acid ( to 3), heat to a gentle boil and boil .five minutes 

fter the disap earance of the perman anate. The solution now will be 

·ght yellow in color. 

Cool the solution to roo temperature (either fast or slow 

cooling) and add 40 milliliters of dilute sulfuric acid (1 to 1). The 

olutio is w ready for titration with ferrous sulfate solution of 

rox· ately 0.05 . strength. Ad three drops of ferrion indicator 

d t trate to the complete reduction of chromium as indicated by the 

ar nc of a definit in coloration. 

n o ange color p e rs to ards the end of the titration. One 

t ro s of th t trat · ol tio is required to reach the end of 

t at on from thi oint. ro the easured volume of ferrous 

fat re ired, th per c nt of chromi m or chromic oxide present may 

C cu ated. 

U n this et od, as e can be assayed in less than twenty 

af r t a be n ro n and dried. 
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------=--a_t_i_o_n_s: Tis analytical procedure is based on the following 

c ic 1 react10 s: 

6 s 4 + 2Cr207 ... 6 2s 4 = 3 e
2
(so4)3 T 7H2o ~ cr2(so4)3 

s 

5 2 2 
2 4 + 3H2 o4 = 2 nso4 ~ K2so4 ~ 502 + 8Hz0 

C 2 no4 = 2 C 2 nC12 + 8H20 t 
5Cl~ 

,t., 

r 

2 3 - 

Crz03 
eSO 4 6000 

00 
t 

s 4 

Cr 

Cr 
3000 

00 
t 
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o ified Proced re for solution Obtaining Leaching 

ethod for analyzing sol tions was developed by J. D. Murphy 

ethod roved very usef 1 for analytical work throughout this 

r searc. 

rocedure 

Ace rately eas re to milliliters of the solution containing 

odi chro ate or sodiu chromite into a clean 500 milliliter beaker. 

O illiliters of chro ate solvent, and stir until the solution is 

oran e in color. This ill be only a atter of seconds. Dilute with 

00 il i iters of distilled ater, and add three drops of ferrion as 

an in cator. T·trate ith ferrous sulfate solution, a proximately 

0.05 or al, ntil the chromium is completely reduced as indicated by 

t e a ara ce of a definite pink coloration.• 

Ch 

C ro ate 

2 


	Autoclave Leaching of Montana Chromite
	tmp.1641573609.pdf.GcXN8

