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IRTRODUCTION

The tnvestigrntion of the phosphate minerala to be described in
thie paper has for its basic incentive ona aimple yet highly importent
fact--mangansse is8 ebsolutely essentisl in the production of stesl.

It {e¢ fittlng, then, that the sourcesa und economice of thi~ invaluable

elemont bao briefly discussad as introdustion to thie thesis problem.

The Domestic Msngmnese Situation

Manganese at ths pregent time 1a ths most lmportant stratogle
metal, not because the United 3tates ig lacking in deposits containing
this mstal, tut because the vast resources of manganess ore
ycattered thraughout this country have never been developed. A survey
of the literature conducied by the Bureauwu of Mimcs in 1934(1)nhov0d
that manganeee ore bodie. cocur in about 300 districts scattered
throughout 36 etatus. The manganeee content of th~se ores ranges
from 1 per cent to 48 per cea%, whille the size of the deposite varies
from a few hundred tons to several million tone. Rgcent inveatigations
completed by the United Statee Geologlcal Survey have dlecloasd the
presence of new reserves of aeveral mililon tons of ore, go that the
United Staotes hes aufficilent mangenese ore to supply her nued: for many
yeare 1f steps 2re talten 1mmedistely to Gevelop these numsrous depositse.

The great ateel industries in this couwtry each year consume aboud

(1) Dean, R.' 8., DeVaney, #. D., and Cognhill, ¥. H., "Mangancse,
1ts Occurrance, Milling, and Metallurgy“, Part I, U. §. Buream

of Ninss Information Oircular 8768, 24 (1934).



600,000 tens of ferro-grade manganeae ora,(e) yot deapits the tremendous
nanganege ore reserves located withinm our very miist, 95 per cent of this
ore is imported from such distant places as Russia, Indla, SBouth Africa,
Brazil, and the Philippine lelands. Tha anawer to this strange state of
affairs involves the inevitable economics angle—thoss foreign countries
possess richer ores which ean be mined with cheap labar, shipped to this
country and s ld at prices with whlch the domsstic producer is unable to
competa. Several attempts have bean made by domentic mangansse producars
in the last decads to have a sufficlently high protective tariff placed
upon mangAness ores so that domestio producers could opsrate at a profit,
thus stimulating domestic production. Sseveral ambarraseiag questions
could be askad concerning ths final official replies mads $0 each one

of %hese petitions, but politicel Juggling is beyond the ecope of this
papsr. Ths sltuatien as it now stands is: the protective tariff ie
lover than it hag ever been, and domeatic producers of sanganese have
bean agoused of beling unpatriotic.

Since tha ocutbreak of Buropsan hostilitiee, the manganese quastion
bag assumed an entirely differemt aspect. It is becoming increaalingly
difficult to obtain foreign ores because of the agute ghordage of ship-
ping vessels, md as a natural comssquence, prices have soared. The
Hational Defense Committes aaticipated this situntiem, and on June 7,
1939, was suthorized by a vote of Oongremse to spend $100,000,000

ever a four—-ysar perlod for the purchaes of atrategic materials, of

(2) Ridgeway, B H. and Davis, H. ¥., "Manganees and Nanganiferous

Orss”, Minerals Yearbaok (1940), p. 571-590.



which manganese ore 18 required ln the largest qmtities.(s) Only
high-grade ore suitabls for the mamufacture of ferromanganese was
designated as strateglc, and tha following specifications were made for
three grades of this matarial)

Percentage Compositien
@rade A Grade B Grade ¢

Mangansse (=inimum) 48 48 48
Iron (maximum) 4 ? 7
811ica (maximum) 9 10 7
Phosphorua (maximum) 00.12 0.18 0.16
Alunins (maximum) 3 8 ]
Zinc (maximum) 1 1 1

All ore te pase a 6~inch screen and net more than 12} per
cent to pase thru a 20~mesh screen.

In order te bulld up stock piles, bids have Leen awardsd at prices
ranging frem 45 te 78 cents per unit (a unit is 22.4 peunds of comtainad
BAnZansso). Within this prise range, domsstic ores can be marksted
&t a profit, and hence a noticeadle stir has taken place in domsstic
production.

Domestic producers have two major problems with which to conteand.
The first {m that all of the ores are low grade and hsmcs must be sub~
Jected to bLemeaficliating methods. The second is that moat &1l of them
contain harmful impurities which must bp removed, and it ls wvith this
phagse of the mangansss probleom that this thesis 1s most concerned.

Phosphorus is a particularly obmoxious element im the production
of steel. 1lis effects are adequately descrided in the following pesssges

SFhesphorus is eepeclally noticeable as making stesl
brittle, fragile under shock, snd wareliadbls in ductility.

Fhomsphorus forms & eompound with the iron, ¥eP. This in

(3) lidm. ® H. and Davis, B. W.. QD» eis.



turn forms a series of alloys with iron, having a
fualble eutectic containing 10 per cent phosphorua and
90 per cemt iron. This eutectic will form in the stesl
to the extent of the amoumt of phoephorus prossnt; that
is to say, 0.1 per csnt of phosphorus will result in 0.1
per cent of eutectic. Thip eutectic melte at a lower
Semperature than the rematnder of the steel; it 1s there=~
fore apt to de pasty at rolling temperatures and to de-
crease the rolling qualities somewhat, but not so harmful
a® mulfur, The phosphorus suteatic mizrates to the grain
boundarics &during the freesing of stesl and produces very
brittle plsnes of wesalmess undar shook. %he effect of
pheephorus, therefors, shows up more espscially under the
sheck test. Under ordinary statio test, the effect of
phosphorus is uacertain snd unrelisble. Phosphorus is a
dangerous alement in steel snd is valuable only becaunse
ef the hardness which At produces. ............. It is
safs practise to have the phosphorus below 0.06 per cemt
s & maximum in all structural steel or steel that is te
be subjected to shook or vibration.““)

Phosphorus is a common iAngrediant In moat domestic ores in per-

centages consideradly highsr thsn ths minimum allowed in the povernment

ferro-grade specifications, and its removal is still an uneslved ore~

dressing problem.

(4) Stoughton, B. and Butts, A., "Enginesring Motallurgy", N. Y.,

McOraw-®ill, 1526, p. 174-175.



The Unlited Statesa Bureaw of Minee Experimental BStation at Rolle
has reosently been conducting an intemslve investigation of the amen-
ability of Arkameas wed ores to earichment by standax ore dressing
methois, These Arkmnsas ores are low grade with the estimstad reserves
running into several million tons, They can be concentrated to meet
all Grade B ferromangansse specificatlions-——wlth the exceptien of that
of the phosphorue ccntent, but in all caees tha phosphorus is se high
as to make the ore worthlses umder prescat conditiers.

This condition muggested the problem of tryingz to discover a
method by which the phosphorus could be eliminated, which in tura
called for a pesitive identification of the phosphorus-bearing com-
poundr. The thesis ae finally adopted chose the following lines of
pursuis:

l. A study of standardi lmown mangansse and phosphorus minerals

wes to be made in order to besoms familiar with their prepertiss.

2. The data ebtained from thisstudy was %o de applied to the
study of aotual msngansge eres, 6specially those from the
Batesvills District in Arkaneas.

2. On the cemplotion of the identification work, Aif the chemieml
eampeeition and interlooking of the phosphorus-centaining
ainsral would permié sither a mechanical or clemical separa~-
tion frem the mangansse minerals, tbe development of &
practical method of eliminating the phosphorus wuld be udder-

taken.



PART I - MINFRALOGICAL INVESTIOGATIONS

PRELININARY WORK

Because of the fact that the available sptical squipment had not
been In use for several years, moch time wes coneumed in the orgemizing
of a microscopical laboratory so that the firet part of the work could
be carried out.

The machine for polishing opaque mineral mountings was first re-
conditloned and re-wired. 7Three lead laps were re-surfaced snd re-
grooved, snd ons nsw pitch lap mde.

A pot of fine abrmsives was made, the Bizes adopted bdeing -10
microns, =3 microns, and -] micron. These slzed particles were abtain-
8d by placing thoroughly agitated water suspension of alumina containing
godium eilicats ag ¢ dlepersing agant in a large settling chamber, and
sipboning off the top fraction of the suspended solids after a spacifio
tims period had elapsed, the time being determimed from 3toke's law
uuputation..(s)

A get of micro-chemloal reagents wae made by using Short's
¥Misroscoplcal Determination of the Ore Nimerals® as a guid-..'-“)

The set of 48 mineraloglcal index liquide was calidrated and
ocorrected to 0.005 intervale of index of refraction.

Kiscellansous repair work to microscepe illuminators, adapters,

and the camera wis alse involved.

2

(8) RAcharde, B. H. and Locke, Cu. R., "Pextbook ef Ore Dressing®,
'- t-w Mﬂv—ﬁlll. 34 edo. 1940, Pe 133.
(6) Short, K. ¥., "Mioroscopic Determimation of the Ore Nimerals”,

U. 3. Geologfcal Survey Bulletin 914, 24 =24., 1940, 3llp.



Polishing PTechnigue

The technigue adoptsd for pelishing the bakslite mountings of the
various minerals 18 outlined as followsy

1. Zough surfacing on & zlass plate using 500 carborundum.

2. 15-ninute run on a lead lap using 500 aluwmina, water, and a

fow dropas of 1light lubricating oil.

3, 20-minute mun on & lead lap using -10 micron alumina, water,

and a fey drops of lubricating oil.

4., 4B-minute run on a lead lap using =3 micron ml umina with seap

golution for a lubricang,

5 Final polish on & pitah lap requiring 2 to 3 houre usiag -1

micron alunina snd soap sgolutien.

In polieching the mangsnese wvas ores, it was necessary to impreg-
nate the ore particles with a balslite varaleh in order to koep the
soft, porous are grain conatituente gecuraly fixed in the bsakslite mowmt-
ings g0 they could be sectioned and polished te the high degree necessary
formcroecopic examination. The varnish wes mads from the Dakelite used
for mownting the spsgimensa, namely Balelite Resineid BR-0217, mixed
with ether and acetone in the following proportionss

26 gm. Bakelite Rpsinold
100 cc Ether
100 ec Acetons

The era graime wers placed on a watch glase and covared with
the impregnating solution. The glass was sot aside vatil the solution
bad cempletsly evaperated. This swvaperation required about feur hours.
Phe glass contasning the graius was them placed in a drying oven and
heated at 105%0 for 24 houes.

Ths results obtained from this treatmsnt wers very satisfmctory--



the ore gralns on subesquent poliskirg retalning their true structure
ag well es taidng asn excellemt polish,

Balmlite mountings were mede of the following minerals and Arimagas

wvad orenss
Akpatite Braumite Magnetite Arkengas $#6
Fhoephate Reak Pyrolugite Vivianite
Neotoclte Peilomelane Arkangsas &1
Bementite Mengane—calcite Arkansas $2
Manganite Limonite Arkanasg §3
Hausmannite Homatite Aricansan $4

Cooke glves an axcellent descriptisen of ths bakelite preass and the
poelishing machine actually used and the methods of oporatlon.(7)

Once the atandard minerals were mounted, coaslderabls time was
spent in etulying their epSical properties, stch reactions, amd specific

aicro-chemical teests for different constitusnts.

(7) Oooke, S§. R. B., “Microscoplo Structure and Concentratability of
ths Imporiant Iromn Ores of the United Statse*, U. 8. BPureaun of

Mines Bulletin 291, p. 9=22 (1938).



QHENICAL COMPOSITION AND SOME PHYSICAL PROPLIRTIES OF MCORE COMMON MANGAN ST MINTRALS
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MINERALOGICAL ASSOCIATION OF THE ARKAMSAS WAD ORRS

Upon the complotion of the firat atagze of the inveetigation,
work vas immedistely started upon the ldentification of the phosphate
niherala in the Arkansas wad ores. The ores investiyrted are from typiaal
manganese deposits, the geeloglcal background of which has diregt bearing
on this work.

Miesr(8) glve the following descriptien of wad oressg

*Wad 1s 2 darle=brown to black very eoft sarthy mineral,

vhich 1e mmmonly considered to be s impure hydrous oxide af

mangane e6. It is assocleted with more or lase irom, silica,

alunina, and water., It is present in many localitiees in the

Bateaville diatrict and at soms of thase places it exceede in

quantity the higher grede manganesc minernls.”
Thuse wad ores occur asg irrsgularly shaped mamses in ths residual clays
of the Yernvale limestons., Y¥he Pernvals limestone is overlain by tha
Cason chele, a badly weathersd structure quite rich in phoephatis
sandetone. The excessive weathearing and mineral disgelntion that lms
takem place withia these strustures has produced idesl conditiens under
vhich almost any of the phosphates may have been dlssolved ani later
re-precipiteted, or carriad mechanically from ths upper stratum to the
sanganege sre bpdies below. Table 1 clearly shows the smeunt of
material that was available for numercus phosphatic depesitions at

lewsr levels.

(8) Miser, H. D., "Deposite of Mmnganese Ore in the Batesvills District,

Arkansas," U. S. Gaological Survey Bulletim 734, p. B3 (1922).



TABIE I

ANALYSEE OP THS FERWVALE LIMESTONE ANWD I?S RESIDUAL CILAY AND LOSS OF CUNSTITUENTS

IN TEER DTROAY CF THE LIMESTONE

LS ! T “percentage ¥ Percentegs

' t t of eonstitu~ ' of constitu-

| Limestons ! Clay ' ents of the ' entsz of the

! ' ' 1limestons ! linestone

! ' ' saved in ! lost from

! ! ' the eclay. i the clsy.

] ] ] ]
¥anganess oxlde (MnzO4) T &0 34,92 v 43,41 T B7.55
Terri ide (7 . 2,33 : 1.8 ! 10.44 ! £9.56
ﬁgi:no?uge;)ezos) . 4.18 ' 20,18 ! 88.65 1 11.35
Lima {Cal) ' 44.61 ' 3.89 ! 1.07 ! 98.93
¥agnesis {¥z0) ' 20 ! 26 10.62 ' 89.38
Potash (F=0) ' .35 ! .96 ! 33,63 ! 66,37
Soda {Naz0) ¢ .16 ! .61 ! 46.74 ' 53.26
water {E20) ! 2.95 t 1.7z ! 58,37 ' 41,63
cnrboniciacidifiﬁtgg) : : s:.gg : ngn;a : ’183;4 : 133.22
53:.?;?0?3:9&; daa ' 410 ' 53.685 ' 100.00 ' Hens

e =535 7 99.60 T T

g1



The oree actually studied were from depoeits as those described
above. Their chemicel and acreen anmlyses are shown in Table II. A$
the time thie problem wema started, Arkansas 1-1, 1=2, 1-3, 1-4, and 1=-8
samples had not been received. All the phosphate mineral indentificatlon
work was done upen Arkaneas 1, 2, 3, 4, and B} and the data obtained
from them applied to rewoving the phosphorus from the more recent
somple 8 bacanse theay were representative of devoelts of much greater
economical imnortance. The analyses show that bth groups of ore are
quite similer in every respect, aml that they are all unususlly high in
phoephorus. Two ltems of particular intereet shown in thecse analyses
are the falrly high percsntages of lime and the high percentages of =200
mesh material present.

Prior to the tims the microseropiral inveetigntion was begum, the
ore dreseing posalbilities of the earlier group of ores had been
thoroughly investigetsd Yy the Bureaun of Mines staff. Ths phesphorus
content of eeversl ef the concentrate producta obtained are shown in
Table IVs .In practically every case each ore dressing unit operation
woul & -Qnt the phosphorus in a ratic such that tha phesphsras content
#f the concentrate product was as high or higher then that in the
original eampla even though in severa) cases as much as 70 per cent of
the phosphorus had been diverted into the tallings. The results obtained

in several roast teata(?) (shown in Table V) esem to indlcate that seme

(8) Por a descriptlon of magetic roasting apd separation see DeVaney,
¥. D. and Coghlll, W. H., "Benaficiating of Oxidized Mangsness
Ores by Mazmetic Separation of Roasted Jig OConcentrates®, U. 8.

Buresu of Mines Rept. of Investigntions 2936, p. 2 (1929).
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TABLE 11X

HEARS  AMALYSES QF ARKANGAS OH=S3 INVESTIGATD

Assay Percantages

' [} [
' are ., Yo cad Inscl Sio2 P !
V Arkanses 1 ¥ 23.95 21.16 7.62 10.66 7.34 2.42 T
! Arkansas 2 ' 31.18 24.90 5.92 3.40 0.22 '
'\ Arkansas 3 ' 20.34 2).25 0,56 11,62 6.64 0,61 '
' Arkansas ¢ ' 32,04 13.56 5.79 13.68 8,32 1.68 '
{ Arkansse 6 1 27.16 23.78 4,11 9.56 7.04 1.45 :
t Arkmnesg 1=l ' 28.7 14.0 Z.8 12.08 C.B8 !
' Arkmnsas 1-E t 25,9 14.1 0.74 18.7 0.44 '
! Arkensas I-4 v 26.4 15.9 7.9 1G.1 2.06 '
! arkmneas 1-5 i 27.8 22,2 0.9 6.1 0.65 :
TARLE IIT

SCAMEN  AMALYSN: OF ARKAKSAS ORRS
- Holght Per Ceat i
Mach ! Arianses 1 Ariangas 2 Arkansas 3 Arkansas Z  Arkanias B!
=10 f 14 0 7e7 8.9 7.3 8.2 1.1 '
=14 4 20 ! 7.0 0.2 7.0 7.4 1.1 J
-20 ¢ 28 ' 8.5 9.5 6.4 7.2 2.8 '
-28 £ 35 ' B.5 12.4 6.1 7.5 .7 '
-35 f 48 ' 8.6 11.6 £.9 8.0 13.2 '
=48 4 BE ' 6.6 9.4 6.3 6.5 0.7 '
-85 ¢ 100 ' 6.0 6.6 5.8 6.0 18.2 '
-100 ¢ 150 ! 4.7 5.3 5.2 4.0 13.5 '
~160 ¢ 200 ' 3.9 249 4.0 3.1 7.6 '
-200 ' 34,6 2.2 45,0 43.1 15.1 -
Compesite ! 100.0 100.0 1C0.0 103.0 100.0 !

14°



TABLE IV

PROSPHCGHJS SEPARATION OBTAINED IR ViRIOUS ORE IHESSIEG PROCESSES

Ore For Comt Fotal Fer Cont Total
Me thod (=65 ¢ 200 W) Product Phosphorus Phesphorus Phosphorus in
in Produet
Head Samnle
Float-Bink
(gravity) Arkansas 1 Float om 3.5° 8.04 Z.42 60
" Aricingae 2 n G.1ly C.21 38
" Arkansas 4 x 5,50 1.68 B85
n Arkansas 5 L b.6" 1.45 6?7
Beduction Rouat
and ¥ametic
Separation Ariansas 1 THon-magmetic portiom 2.62 o2 70
Arlansas 3 o .26 0.22 72
Arkangas 3 " 0.50 0.61 E6
Arkaneas 4 u 1.54 1.68 77
Arkaneas © . 1.64 1.45 67
Flotatien, Phosphorns concentration same as in memetic roast — 70 ps- cent of total
Jigrinz and
fadbling in conesntrate, 30 per cent in tailings} percentese of phogphorus in

concentrates a little higher thean that in hssd samples.

a. - Flsat product om heavy liguid with specific #Favisy of 3.60.

1§



PABLE ¥

IR0 PHOSPHORUE EELATIONSHTP IFN ROABTED MAGNETIC SEPARATION PRODOCTS

" Per cent of Totel lren

Per cent of Total Phosghorus!

I t

t QOre ' Product ‘=10 m=sk 1 -200 mesh I =10 mesh T =200 mash !
' ! Hraction ' freactiom ¢ fraction 1 fractiom !
1 ‘Hon=magretic ¥ ' ' t '
1Ariansse 1 ' pertisa 1 12.4 ' 31.0 ! 22.2 1 69,6 '
' Hon-magnctiic 4 ' ' ' !
iAvicangas 2 ' partien 1 9,3 ! 3.6 ! 31l.8 1 71.7 1
! "Bon-magnstic 1 L i '
‘Arkpnoass 3 ' pertiom ! 15.9 ! 40.8 v 36.4 ' £5.5 !
1 Hon=oagnotic ! ' ¥ 1 1
iarkensae 4 ¢ portion ' 19,2 1 B0.4 1 23,0 ' 76.8 !
! Hon-gagnstic 1 ' 0 1 3
tArkansas 5 ! portiom ' 6.2 ! 15.8 ' 7 27.7 ' 67.2 ¢
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definito relation exista betwsen the iron and the phosphorus mineral
since in every (iner mesh non-magnatic product the iron and phosphorus
content incroaeed in about the same proportions. (In all of theme roast
testa, the =200 mesh sample was made by grinding the roastsd =10 meeh
fraction on the bucking board.) (me the desis of thess data and similar
results obtained in numerous othar roast tests on wad oree, it war assumsd
that the phosphorus mineral was eithor closely Interlocksd with the iron
or that it was present as & molscular mixture with the irom, perhaps

in the form of iron phosphide. Analyses of the wvarious soreen sizes
showed little or na change in the percontages of the various econstitusnts
in the different screen eize fractions and hemce were of little help.
Phosphorue analyses on the float-.inl:uo)prodncta from the varicue scrsen
slzee wore not avallable,

A study of the opaque minsral mountings showed that the iren amd
mangsness minerale ocourred both as free particles and as small grains
closely interlockad with each other from —-28 meah on down to the smaller
slzed. FPhoephate rock particles wsre detected by microchemical methods and
were found to be pabble phosphats particles either surrounded by coatings
of manganese oxlios or enclosed in a matrix of Intimate mixtures of the
iren and manganess oxides. 7The phospbate gralns ranged in slze from

=66 maah te =200 megh,

(10) Por desoription of float-sink tests see Sulllvan, J. D., "Reavy
Liguide fer Minaeralogical Analyeis,"” U. §. Bureau of Mines Tech.

Paper 281, 1927, 26p.
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Several float-glnk nroducte of Arlmansas 1 and 4 were prepared
and an optical stuly mede of the non-opeque minerals centained in
the float products. At least six non-opagque constituvents were found,
two of which were lsgotrople, three wmiaxisl, and ons rather 1nde-~
finite., One of the leotropic minerals hsd an index of refractien
very close te 1.47 which 1dentifies it as Delng either neotocite,

8 hydrous manganase silf{cate, or opal. The indefinite mineral sgeemnd
to have some of the apticsl properties of bemsntita, another man~
mnese silicats. Both caleits and quartz were found to be present.

Of the tw remaining non-opague minerals, one was a bl-axial
mineral of low bi=-refringence with an index of refraction betwoen
1.640 apd 1.660, was colorless, and showed no ocleavages. These
properties identify this mineral as bdeing apatite. The other trans=
lucent mineral was an amorphous compound, digcolored, lsotropie,
having an index of refraation of adbout 1.620. The optical properties
of thig constitntont correspond quite closely to those of the mineral
collophanits, eseentially Gag(P04)p-oHg0, as dsacribed by Ih.na.(ln
Phiy mineral, aocording to the samo suthority, 18 sn impertaut con~
stituent of ths phosphoriteg, which are concretlonary variatles of
apatite. DBeomuse of the amorphous nature of the mineral and also
becmuge of its homogeneous contamination by impuritiea, it was decided
that this constituent would be bast classified as phosphate rock(m)

which 18 described as an amorphous and celleidal phosphate of indefi-

(11) Dans, ®. 8. and Ford, ¥. B., "A Textbook of Mineralegy," Fourth
Eq., N. Y., ¥iley, p. 718-719 (1932).

(12) 1d14., p. 706.
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nite chowical composition quite commonly lmown 28 “Lone phosphate.® A
comperison of this mineral with a powlerad sample of & lknown phosphate
rock pebble showsd the two to Le ildentical in every respact. Both of
these phosphate minerals were found in sizes as larpge as 65 mesh, bub
the majorlty of the particles were im the -1EQO mesh fractioun.

Early preliminnry tests chowed tliat ths phosphate mixerals wers
sasily soluble in dilute acids, which futh r subsirntieted their
identification.

Subaequent exporlesnce with thees ores topethar with the fact timt
apectrographic annlyais has disclosod the pressnce of titanium, thorium,
and some of the rure earths indicates the presence of othor puosphate
minerale such as wonazite, (Ge, La, Di) POywith PhOp, and Tiz(POg)a.
There ie aleo the posaldbllity thet some of the mangnnese and iron phos=
phates adnown in Table VI may aleo be predent, aince the gecloglocal forma-
tion in which these ores occur could saaily have fosterad the syntheais
of these compounde. However, nons of these minérals were ldentiffed
under the microscope, and 1t 1le very definite that the major pertiem of
the phosphate ia 1n the form of phoasphste rocit,

Phis discovery invalidates tho theory that the iron and phospbate
ere closely relatsd. The increass in the phosphats content of the finsr
mesh roast test producte can be explained on the basle of the sige die-
tridution of the phogphate minerals. Thoee phosphates would be llber-
ated from tho manganege and iron at ths -700 meeh sise and would naturel-
ly gu into the non-magnetic portien. This fact can furthar be substen~
tiated by the repults obtained from a float—sink test on one of thess
ores in which the phosphorus conteat of the float product on a 3.5

specific gravity liquid from the -6b # 200 mesh portion incroased over



that in the float produwot from the =48 f 65 mesh fraction, while the
iren content decreased. The increase in the percentage of the iron in
the smller mesh non~megnetic frastions in ths roagt tsets was dus to
the liberation in the subsequent arushing operation eof the unroaeted
hematite present in the interior of the -10 mesh particles adout which
a superficial layer of magnetite had been formed of sufficient magnetic
gtrength to carry the uncrushed particls into the magnetic portion at
the larger slzas.

The following is tlw working data acquired from this phaee of the

works

1. The major phosphate-bearing minera) in the wad ores investi-
gated 1is phosphate rock.

2. Thie minersl is pregsent in discrete particles ranging in
gize from =68 mwosh te =200 mash. This size range allows the
pessiblliity of a mechanics)l separatien by flotation.

3. Chemically, tha phosphate mineral is readily soluble in all
dilute scids and apparently can be eaally leached out of the
ors.

4. Dus %o the fact that this ore must bLefleated at =100 magh in
order to get an afficient sepsration of the manganese from the
iron, a aintoring machine must be used to fuse the ore into
cakes of gufficient size to meet the ferro—grads specifications.
This sintering operation affords faverable conditions under
which high temperature reactions mlght be carrisd out to
convart the phogphorus into either mome volatile form which
could be driven off as a gas, or into a form which would be

water eselubls or soluble in very dilute ecids.



PART IX

LVACHING OF ANKANSAS WAD ORES

Proliminary Work

The leaching of high phosphorus iron ores hag been attempted
previuualy.(u> but in every case the process was either chsmically
imposalble or economically uneound. Ops of these investigstiona
was that conducted by Hortzog(u) at the Tuscaloosa atation of the
Bureau of Minee, curing which the sslubilitiae of the various
phosphate minorale in dflute agusous solutions of mumerous reagents
were determined. The results that he obtained were used as a guide
in conducting the preliminary leaching teets, the most ussful of
which are included in Pables VII, VIII, and IX.

In the first tests conducted 1t was thought that acids would
dissolve too high a percentage of iron and mengsnese, hence the salt
solutions that gave tl» best dissolution wers used. At Dr. Schremk's
suggestion, however, 1t was declded to try the scide alone, and much
better results were ilmmediately obtalned. The first lead ing results
are pressutsd in Table X, sad although they are of little value for
quantitetive purposes, they are entirely responsidle fer the launching

of a major attack upon the leaching of Arkansas wad oreés.

(13) winelow, R. M., "Leaching Iron Ores for Fhosphorus,* U. 8. Bur.
Mines Hapt. of lnvestipgations 2266, 1921, 4p.

(14) Hertzog, X. 8., "A Btudy of the Occurrence and Amenabdility te
leaching of the Fhosphorus Compounds in Some Red Irom Ores of Ala-

bama,” U. 8. Bur. Mines Rept. of Investigations 3294, 1925, 9p.



TAEIE VI

PAR?IAL ANALYSIS CF PEHOSPHATE MINERALS USED IN SOLOBILITY TEST?S

L)

1¥Mineral

ADglysis, per cent

L]
Cheamical Name Tormila Te203 P205 1
] | ] ] ] 1
‘Phosplmtes Calcium phosphate Cag(POg)2.HoO '0.64 1 32.53 '
" reock ] 1 1 1
‘Apatite d». m.m('m.l_)a ¢ 1.03 ! 39.53 '
'Dufrenite Ferric phosphate FePOq.Pu{0B)3 1 67.54 ¢ ' 19.78 t
eriplite Terrous and man- (RF)RPO4 Rale v 5,68 ' 31.64 '
' ganagse phosphate and Mo ! ! ! :
Iavellite Aluminum phesphate 4AIPC4.2A1(0H)z. 1 1.7 ! t 22,70 !
1 M-0 i ) ' 1
:Hvlanito Terrous phesphates Fez(PO4)s.8Ko0 : 4.8C : 15.99 : " .32 '
]
TABLE T1X
SOLUBILITY OF SOME PHOSPEATE MINEBALS IN K/4 MNOz and ¥/2 RaOH

i 1 []
) Mineral Cosmical Name ' X/4 B0z ’
N 1 1 i
1 Phosphate rock Calcivm phosphats ! 100.0 ! '
' Apatite do. ! 100.0 ' '
« Dufrenite Ferric phosplats ! 1.4 ' i
1 Triplite Farrous and mangapsse ! 9%.6 1 1
' pho rpim te ' ' !
' ¥avellite Alumimum phosphats ! - 1 '

' Yivianite Ferrous pbosplate ' 98.1 1

] t

e



TABIE YIIX
BOLUBILITY OF SOME PHOSPHATE MINEALS IR VARIODS SOLVENTS

Par ceat of total phosphorus dissolved {rom

Solvents Fhosphats  Apatite Dufrenite Pripiite wavellito Yivianite
rock

24 XaH 0.0 0.0 52,2 13.5 99.7
¥/2 XoH .8 W1 7.9 5e4 85.7
2N EaQH 2.0 .0 73.1 29.2 100.0
1X BaO= 2.0 1.8 3.2 42,4 96.7
¥/2 BsOH .4 .0 9.1 6.1 96.4 98.1
r/3 RaQE - .6 9.3 5.8 91.1 96.8
K/4 WaQE .3 .0 6.5 5.7 87.2
1N Nas00g 3 0 .B .9 12.7
1¥ HC) 98.7 99,9 4.5 99.8 2.1
¥/2 H2804 100.0 100.0 3.4 100.0 2.6
E/4 Eo804 100.0 #6.2 1.6 100.0 o3
1N HNOz 100.0 100.0 7.6 100.0
H/2 HRO3 100.0 100.0 2.5 100.0 .9
E/4 HNOz 100.0 100.0 1.4 99.6 .3 98.1
E/5 HEOg 97.3 100.0 1.1 98.5 1.C
18 EzPO4 100.0 £3.2 8.5 10C.0 746
K/2 H803 100.0 67.1 a0 gBC.4 .7
1N Tartaric acid 109.0 50.9 4.0 50,2 2.4
¥/2 NHaNSO4 120.0 86.9 1.9 99.3 1.6
S8at. solution ¥a30y4 made

E/4 dth B804 92.7 52.4 5.3 49.6 5.3
gat. solution ferric almm

sads H/4 with W2804 93.5 15.4 5.7 12.3 6.5
Sat. solutian Mobr's salt

mde Nf4 with H2504 98.0 36.0 6.6 35.2 5.3

e



TABLE IX

* PHOSPHORUS DISSOLVED FROM FLORIDA PHOSPHATE ROCK

BY 1-PSRCENT SOLUTIONS OF VARIOUS CHEMICALS

Porcent of Total

Chemilcal Formla Dissolved
Apmoninm persulphate (XH4 )2S20g 100.0
Ammonium phosphate (¥4 ) pHPOg 0.0
Ammonium bi-gulphate WH4HSQ4 96.0
Ammonium sulphate (NB4 ) 2804 8.7
Citric acid BzCeBE07 . HnO 90,7
Hydrobromie acid HBr 100,0
Ryerochloric acid RG1 100.0
Hitric aciad HROZz 100.0
Perchloric acid HC1O4 99.9
Sulphuric acld HoB04 100.0

® Sse reference (1a)



FADIE X

PRELINIHARY LEACHING TESTS USING ON® PIR CEINT SOLUPIONS AT 26° €, OF Wo. 1 AMD NO. 4 ARKAFSAS ORES

e ! I yelght ! 1 ! ' Halitative Feate ' 1
iNo.' Besnsant ¥ of ' Mesh # Pima ! c¢ of ¢ FPiltrate ! Aritation 1
1 ' ! Charge ! & t Reageni' P ¥ o ! '
¥ b} ] GM ] [ ] t ] 1 1
1 1 ) NHglSOq ' Os2 ¥ =200 1V 36 bra, ' @00 ' Fone Hons Foune 1 Wone T
1 8 . T ¥4+ B . + 40 min, ®  18irons Weak Nope ' Stirrer-180 rpm !
' 3 1 Bag8z0g 1+ 0.2 n 2 36 hra, 1 * y lions None Woas ' Nome !
' 4! . 1 Q.2 1 R ! 40 win. ! i ! Yery Jary None ' Stirrer-180 rpm |
! ' 1 ! ' 1 ' weak weak ! !
"5 1Moy ' 1.0 ¢ ﬂ ' 40 nin. ' & 3iromg Pairly  Weak | v . !
1 1 1 ' ! | I strong ' '
1§ " 11,0 ! 0 '! 2hres ' ¥ Streng Fairly  Weak . " '
1 ' H 1 1 [ 1 atrons i !
S AL ' 1.0 '=65 £ 100 ! 46 min. ! ' Bireng Very Trace | . n )
' t ] 1 L 3 1 wealk ! !
rg o 3.0 t~48 465 1 40 min, ! " igtremg  Weak Trace ' A " '
' 91 Hx80e ' 1.0 '-200 » 8 & 4w girong  Falrly  Yesk | ¢ " '
1o v+ w LI ¢ ‘-85 4100 v * 1 igtrong atrens Trace ' '
11 v = t 1.0 '~4B 4 865 1w ¥ 1 " igirong  Weak Trace | !
L : ! ¥ ' 1 1 1 ]

9z
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Baecanne this lsaching eperation seemed to have possibilitiss,

Mr. Shelton assigned Mr. P. ¥W. Hoertel, Junlor Analytica)l Chemiet of
the Bureau of Mines to devota hle full time to ocollaborating with the
writer in making a thorough Inveatigation of tko leaching posaibilities
of these ores. It wne dacided to oconcentrata upon Arkansaa 1-1 on the
asaurption that what would work for one ore wuld wori for all. Thls
agsumption has since provad to be erronsous.

Plans for ths leaching progrem called for tests on Ariansas 1-)
that hsd bean given a ono~hour roaet in hydrogen at 650° 0., then cooled
to room temperatwre inm hydrogen. A number of tests wers wmads leaching
the ere in wvarious strengthe of ammonium aunlfite, ammonium blsulfite,
oitric aolid, tartaric acid, sodilum carbonate, ammonium carbonate, edium
chlorids, ammonium citrate, and ammenium persulfate at room temperature
snd at 70° C. Teetas were also made using ammonium sulfite, ammenium bi-
sulfate, anmonium parsulfates md sodium chloride solutions which had bean
acidified with sulfuric actd with the acldity throughout the test held
cong tant .

Qualitative tests were run en the leach liguids to determine roughly
the ameunt ef phospherus, manganase, and iron that had bdean diesslved.
With all these reagents, however, either no pbosphorus wae sxtracted or
the amount was too small to justify quantitative determination.

A serles of tests waa tham run using nitric and sulfurie acide as
leaching raagents. Various strengths wers ueed, but even with very
d{lute selutions ths presence of manganese monoxide in the roasted ore
resulted in prohibitive axtractione of ths mangamsse. Bacauss of the
high mangsnese axtraction in acid solution the leach inz of al) roasted

products wag abandoned.



Proliminary teats were mode on Arksnsas l-1 raw o:re usling nitriec
and sulphuric aciis. The results of the teats are shown in Tablas XI
and XII. The high percentage of phosphorus extraction and the low iren
and mangens@e diassolution indicated that both acide were euperior to
aay other resaszent tested.

Perchloric acld waas triad despite its exhorbitant cost, and the

resulta are shown 1in Table XII1.

1t wvas thought that a reducing roaat with sodium chloride preseant

in the ore might alter the phosphate minerals so that they would become
sither water soluble or soluble in wesk acidx. A roast of thie kind

wat made using 1000 grams of ore sund 20 grams of commercial sodium chlorlde.
Ths rasult s of the teat, ghown {n Table XIV, again prove that leaching

of roastod producte for phosphorus is lzmpractical bacause of the high
solubility of the reduced mengevnsde oxldes.

From data obtsined in thig phase of the work the following con=

clusions ware reached.

1, Bulfuric acid was the Dost leaching reegent.

2. Rosgted produsts gould not be leached economically in acid
selutions.

3. The moat logical place in the flow sheet for the lesching
operation was immediately following flotation. This limited
the size of the ore te bes leached to minus 1CO se sh.

4, Becauss the reduction roast ignition lasees range vetwesn 20
and 25 per cent, the maximum parcentage of phosphorus in ths
leach residue should not be greater than 0.16 per cemt, thus
allowing for an increres in the phosphorus content ef the

roasted product dus to the lose of welght in the roasting process.



TASLE XI

PEELIMIHARY LEACHING TEST3 ON ABEKANSAS 1~1 USTR3 ACID REAGCENTS

Lsaoh Number 42 43 44 46
Product Leached, Rew Ore Ark 1-1 Apk 1-1 Ark 1-1 Ark 1-1
Nesh =200 =200 =200 =200
Reagent Used HEO=x KOs HBn304 804
Reagent Htreagth, per cemt 2 5 1 2
Zquivalents Present ) 10 3 8
casO; = Oag(PO4)z
leach Cherge, grame solid 26 26 25 26
Loach Charge, xilliliters 1iquid 600 600 800G 600
Pulp Density = L 24 24 24 24
Theorstical Aeild Required, 232 232 171 172
poundsfton ore
Total Acld Addsd, pounds/ton ore 1160 2320 528 1056
pH at Start 1.0 0.6 1l.b 1.5
pa at I=nd 1.8 1e3 2.0 21
Time of Lesch, hours e 2 2 2
Temperature of Leach, °C. 3 =5 25 26
Agitatiea Bells Rolle Rells Holls
Laach Residws, grams a2 22.b 24 22.b
Charge Recovered, per cent a8 90 94 94
Charge Last in Leach, per cent 12 10 6 8
Ex:ractions,
Mn, per csat of tatal 2.9 3.3 2.4 3.1
Ye, per cent of total 4.4 6.2 2.2 3.5
P, per cent of toial 71.0 785.0 67.7 76.3
Phospherus in Lasch Talls, per cent 0.31 0.28 0.3b 0.29

a. The term "pulp density” as used in all tables is the weight ratie of liguid to solids.



TASLE XII

PRALININARY LEACHING TESTS ON ARKAMSAS l-] USIRG ACID BEAGENTS

Lesach Kxmber &0 51 52 53
Produnt leached, Raw Ore Ark 1-1 Ark 1-1 AT 1~1 Ark 1=]
¥eosh =200 =200 =300 =200
Reegent Used HHOg HEO H2804 E2S04
Reagent Strength, per cent & 3/4 2 3
Equivalent s Prezeat 1 l.i b 7.5
Leach Chargs = erams solid 26 2 25 2b
Isach Charge - milliltiters liquid 500 800 86O 500
Pulp Density - L 20 20 20 20
Theeretical Actd Requirsd, pounds/ 232 232 171 171
ten ors

fotal Acid Added, pounds/ton ore 232 290 B55 1282
pH at Start 1.8 105 1.7 1.6
pE at End 2.6 1.9 2.2 2.2
Time of Leach, hours 2 2 2 2
Pemperature of Leach, °C. 25 2b 25 26
Agitatien Rolls Rells Rolis Rolls
Leach Reslius, grarxs P 24 21.6 23.0
Charge Reocovered, per ceant 96 95 B6 32
Charge loat in lLesching, per ceat 4 4 i4 8
Extractiona

¥a, psr cemt of total 1.3 1.6 3.3 2.7

Fo, par cent of total 0.3 1.5 3.0 2.5

P, per csat of total 24.6 56.0 T7.B 82.56
Phesphorug in leach Tails, per ceat 0.0l 0.48 0.27 0.24



TARLE L1IX

PRELININARY LEACHING TESTS ON ARKANSAS 1-) USING PRBRCHLORIC AGID

Leach Bumber 54 b5 58
Preduct Leached, Baw Ore Ark 1-l Ark 1-1 Ark 1-1
Hosh =200 =200 =200
Rsagent Used EC104 HC104 ¥C10,4
Reagent Streagth, per ceat % 1 1%
m“hﬁ' Fresent 0.67 l l.66
Leach Charge - grams selid 25 2 25
Leach Charge - milliliters liguid 500 500 500
Faulp Demsidy 20 20 20
Theoretical Acid, Bequired,
pounds/ton ere 411 411 411

Total Acid Added, powmds/ten ers 276 413 686
pH at lnd 2.8 2.0 1.7
Time of Leach, hours 3 3 3
Tewperature &«f Lesch, o¢C, 25 26 25
Agitatiem Bolls Rells Rolls
Leach Besidus, grams 24 2.5 23
Charge Recovered, psr cemt 98 90 92
Charge L#st in Ieaching, per cent 4 10 a
Extractiens

Mm, per cent of total 0.42 0.58 0.68

Te, per cont of tstal 0.04 1.00 1.40

P, per cent of tatal 66.3 £9.0 B3.0
P‘l:nlphor'ﬂ.l in mﬂh hu" p.l' Oﬂt D.ﬁ Onl?? De B
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PRELTMIMARY ACID LEACH TESTS OF ABRKANSAS 1-1 BOASTED ¥ ITH SODITM CHIORITE

Leach Eumbar
Prodnet Leached
Kegh

Reageat Unad

Leagent &trength, per cemt
Leach Charge, graas solid
leach (hargs, m1llilitere liguid
Pulp Demsity
pH at Start
pE at End
Leach Rasidue, grams
Charge Recevered, per ceat
Cherge Lest in Leaching, per cemt
Extractions
Hn, per cent of total
Yo, per cent of total
P, per cent of total
Phssphorns in Leach Talls, per ceat

PABLE XIV

45 47

Specisl Roast with Wall

=200 -200

Ho0 1 per cent HoSO4

1l par cent

25 25

600 500

20 20

9.b 2.5

9.2 4,2

Mare tran 28 per cent

R Na-E-1:
Ebmmm §

B>
§ £

1§
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6. All experlmental leaching shouldé be done in capped glase

bottles agitated on motor criven rollas.

BATCH LWACHING

Single Rateh leaching

Sacause of the simplicity of the single batch leaching process,
this method wus trled flrgt. A merles of tests wes acheduled of the
followlng tyype:

Per cent acld 1 1 1 1 1 1 1

Pounde of acid per ton of ore 50 76 100 126 180 176 200
Fach serlse was run using acid setrengths of 0.b, 1.0, 1.5, 2.0, 2.5,
3.0 and 6.0 per cent, all at room temperatuwae. All samplea were raw ers
which had Deen guartered, crushed to minus 100 mesgh ané rolled. Ths
eamples ware prepared in 10 to 15=-pound lots by the laboratory mechanics
of the Bureau of Mimes steff. About BO0 teete of this type have been
made, ths major portion of this work teing done by Mr. Hoertel amd Mr.
0. R. Waldron, Junior Matallurglet of the Burean of Minas. MKlacellane-
ous aingle batch teets were alse made using acid strengths ranging from
0.26 to 10 per cemt ip amounts of from 50 to 2200 pounde of aclid per
ton of ore. The results from these tests are shovn in Flpure 1. The
significant facts dorived from this investigz=tion are:

1. High pulp dilutiona with strong acids produced the lowest

pbosphorus content in the reslidues.

2, low pulp dilutions with strong soids produced the highost

pboephorus content in the residues.

2. The lowsat percentage of phosphorus thst could be ebtained

oonsistently in pulp dilutions lower than ebout 7 was 0.20



Parcent phosphorus in leach residue

- |
: | ' g
| |
FIOURE 1.
-
. L 3% HaS04
; o= e

0405% HpS04

REDUCTION OF PHOSPHORUS CONTENT IN ORE

0410 BY_SINGLE BATCH LEACHING OPERATIONS
Pounds of B;S04 por ton of ore
v

50 - 100 : 150 | 200



per cent. GSeveral igolated casss produced ferro-grade products,
but the results could not be raproduced.
The term Ypulp dilution* 1is used to express the ratio of 1liquide
to solids 1n the leaching mixture. This 1ls the retio by weight amd s

expregsed by tbe squation

Welsht of 1lquid in leach tank fon =
Welght of Ore im leach tank  ~ PUlp dilution Pﬁﬁ Sﬂfigy

Multiplo Contact Batch Leaching

Multiple contact bateh leaching uesing 0.5 to 0.05 per cent acid
solution wes investipgated by Hosrtel and Waldron. A given volume of
dilute acld equivalent to about 100 poumds of aciéd per ton ef ore was
divided into equal portions of about 10 pounds of acld per ton of ore.
Bach portion wae ndded to the ore, rolled for a given time, filtered,
and rejected. Another fresh portion was added to the ore and the
process repeated until the total amount ef acid had been used. Tests
were rua weing 0.06, 0.1, 0.25, O.4, and 0.8 per cent acids. The
best result obtained wme 0.26 per ceat phosphorus in the residue.

The remainder of the work describsd in this paper was done

sntirely by the author.



COUNTER=CURRENT LZACHIRG
Several deeigns for countor~currsnt systems were devised and
douole rune made. The results are ghown in Tadbleg XV to XX. All
bat one of the aystems produced residuas suffiloliently low in phoe-

phorus to meet ferro-grade apecifioations ams 12 shown in the following

tairlatien:?
Acid Discarded
Tost Phosphorus in Pulp pounds psr ton
System Number residus, por cent Dilution of ore
1l 64 0.16 17 631
2 84 163 17 704
8é «169 17 682
3 107 .086 10 6956
110 092 10 567

dith the exception of a few lsolnted cassa in the single batch
tests, thees were tho only ferro-grads products obtainsd. The aub-
saquent roasting and magmetlc separation mtill laft the leach resldues

of ferro-grade quality with ane exception, B8 may be noted by the

fellowing:
Phosphorus in leach Phoephorus in roeested non=
Tent residus, per comnt magre tic product, per cent
€4 0.16 0.12
66 .16 »18
84 .16 .09
as .17 .19
«12) Mumerous
.16} valueg were
107 0.088 213) obtained by
:13) varying the
«10) roaating
.11) comiitiens
.13;
110 0,092 .10 L

.10)



IESIGES FOR COUNTER-CUBRENT SYSTEMS

SYSTEM 1 __ SISTHM 2
Flotetion , _Partially _Partially . Flotation
Concentrates Used Acld - ! Taed Acid I Concentrates
! [
' i
ilgt lat Stege l
1
(Pulp) (Pulp)
|
Pressure Fllter Presgure Fllte
Spent ' Spent
Acid : Acld
Partially Partlally
) Leachsed Leached
Fresh Acid - 15 Ore Ore Presh Acld- 1%

375 lbs./ton of i
Ore Batering the
1st Stage

' iCC 1bB./ton of
| Ore entering the
?nd Btage | lst Stage

2nd Stege |
(PT-‘P) (PT.xpl
f;resnuxe Filtsr Pregsure Filter
Leachad Ore Partially Partislly { ! Leacked Ore
to Reduction Roast Used Acid = Used Acid to Reduction Roast
and Magnetic Separation and Yagmetie

Separation



DESIGNS FOR COUNTLR-CURRENT SYSTEMS

SXETIM 3
Flotation Concantratea’ Used 1% Acid
13t Stage ‘
| Add ¥ater
(Pulp) Dilute to 12
Pressure Filtar
Spent /fcid
Partially
Leached
Used 2% Acid Ore
2nd Stags ‘
Add Yeter
“Dilute to 2% (pulp)
Prasgure Filter
‘ Uped Acid
Partially
Leached
Ore ~ Presh Aeid - 3%
268 lbs./ton of
Ore entering the
1st Stage
[ 3rd Stape |
(Pulp)

Pressure Filter

i .Leaohpd Ore t9

Reduetion Roast and
Mepnetic Sepairation



TA3LE XV

S=3TAGE COUNTER—CURRENT IEACH OF RAW ARKANGAS 1-1 USIHG NITEIC ACID

Leach Humber 42A
Product Leached
Mogh
Beagent Used
Reazent Strength, per cemd
Fquivalenta Presant

(G&COB - ﬂag( ?04)2
leach Charge - gre=ms eolid
Lezch Charge - millilifters liquid
Pulp Dgnaity - L/3
Thaoretical Acid Required, pouwmds/ton ore
Yotal Acld Added, powmds/ion ore
Pime of lLeach, hours
Pemperature of lezch, °C.
Agitation
Leuch Haegidua, grans
Gharge RBecovered, per cent
Charge lost in Leaching, per cent
Extractions

¥n, per cant of total

Fe, per ceat of total

P, per ceat of total
Phoaprorus in Lsach Tails, per cemt

lst Siage
Ark., l=] Raw
-200

0y

3.5

fmd ftuge Eesldus
from lst Stage
=200

ENO3

2.5

245

300
12

0.74
1.5
6.7

Zrd Stage Reslduos
frem 2ud Stage

Hells
18
72
18

'$ = 4.7
8.8 = 8}
0.199



TASBLE V1

I-5TACS COUNTER=CLMEENT LEACH 0N RAY ARKANSAS 1-1 USING SULFURIC AOID

Leach Tumber  42=8
Froduct lasched
Megh
Reacemt Used
Beagent 3trength, psr cent
Equivalent s Pregent
€aGoy = Caz(PO4)2
leach Omarge = srama solid
laach Cherge = milliliters liquid
Pulp Demsity

Theorstical Acic Hequired, pounds/ton ore

Pota) Acid Added
Pime of leach, hours
femperaturs ¢f Leach, °0.
Agitation
Leach Besidus, g rams
Charge Rgcoversd, per ceat
Charge lest in Leaching, per cent
Ixtractions

¥n, per ceat of total

Yo, por csant of total

P, per ceat ef total
FPhosphoras in lLeach Tails, per ceaml

lst Stape
Ark 1=l Raw
=200

Ep804

b

2.66

2.3
1.96
78.6

2nd Stope
Beoldw from lat Stage

=200
B30,
1

1.3

3rd Btage

Hegzidus from 2nd Stace
=200

Hp804

1

1.2

200
12
200
23
1
25
Rolls
20
a0
20
Total
U.33 3.2

3.2 90.3
0.198



COUNTEE-CURRENT LEACHES QN FLOTATIORK CONCENTEATES QF ARKANSAS 1~1

Iesch Humber

Product Lesached

Hash

Raagent Usad

Reagent Stremgth, per cent

Hquivalsnts Prsssnt

{Cal0n - {POg)

leach Charge -4g!2'ans polid

leach Chargs = milliliters licuid

Pulp Denaity

Theereticsl Acld Required,
pounda/ton ore

Total Acid Added, pounds/tem ere

Acid Gonsumed, pounds/ton ore

Bgeidual Acid, oounds/ton ore

oH at Stars

oH at End

Time of Leach, minntes

Temperature of Leach, °8.

Agitation

Leach Residus, zr=as

Oharge Hecovered, per cant

Tharge Lest {n Leaching, psr cemt

?ABLS ZVII

63
T-455

=100
H2504
1

2

120

2000
1
200

375
110
285

-
? @
o A

ERE

Phosphorus in residus, per cemt (computed)
Per cent Phesphoerun in non-magnetie roszt product

65
BF-F461-0
=100
H3804

1

2
120
2000
17
300

376
105
260
1.3
1.6
30

2
Bolls

65 Reeldum
from 6b



TABLE XV111. COUSTER=CURRENT LEACHES OF PLOTATION CONCENTRATES OF AREKANSAS 1-1

Leach Numbar 83 84 85 Bé
Product Lesched F&76 Regidus {from 83 F473 Reeldus from 856
Mesh 100 100 100. 100
Reacent Used H;504 HpS04 H,%04 5,804
Reagent §tremsth, per cent 1 1 1 1
Bquivalents Precsant
(CaCoz ~ 0AgPO4) 2 2 2 2
Leech Charpe = gzrams spild as 113
Lesch Charge = milliliters liguid 1520 1520 1920 1920
Fulp Density 17 17 17 17
Theoretlcal Acid Reouir 4 pounds/
ton- ore 200 00
Total Acld Added, pounds/ton ere 400 400 420 400
Acid Congumed, pounds/ton ore 71 25 115 3
Besidual Acid, pounus/ton ore 3z 375 286 agy
Tine of Leach, hours 1 1 l 1
Pemperature of leszch, °C. 25 25 25 25
Agitation Roils Rolls Rolle Bolls
Leach Rasidue, grams B4 106
Charge Bgcovered, psr cemnt 5] 96
Cherge Lost in lescning, per cemt s 5
Phosphorus In Leach Tails, per cemt 0.163 0.169
Phogphorus in con=megmetic portiea
of roastod laach talls 0.08 0.19
ADALYG%S OF PRODUCTS
! ] Aagsay Peroea
_Prodwt 1~ ¥ ~Te ; 3102
Unieached beads T 40,1 13.5 3.4
' (o 74
leached Residue ! 43.42 13.5) 0.153 2.46
=473 TUnleachad heads t 37.5 14.7 1.1 6.5
Lesched Hesidue I 39.96 15.81 0,169 Se40




PA5IA XIX

3=0TAGE COUNTERE~CUHRENT LEAOH OF FLOTATIOR CONC HTHATES OF AREANSAS 1-1

Lesch Humber
Product Leached (I"lotation Test No.)
Mesh
Reagent Usad
Actunl Beagent 5i-ength
Rquivalents Freosant
CaC0z = Caz{P04)2
Ieagh Charge = grams sclid
Leach Cherge = milliliters liquid
Pulp Tensity &
Theoreticzl Acid Required - pownds/tor
ore
Total Acid Adced = pounds/ton ore
Acii Consumed = poundefton ore
Residual Acid = poumde/ton ors
pE at Start
pE at Ind
Pims of Le=ach, houras
Pomperatwe of Leach, 9C.
Azitztion
Ieach Rgsidue, sramg
Chargo Receverad, per cent
Charge Lost in Leaching, per cent
Extrzctions
Hn, per cenbl of total
¥e, per ceat of total
P, per cent of total
Phosphorus in Leach Tails
Phosphorue in non-marmetic portion
of roasted lsach talls

i05
=430
100
HByS804

1

0.97
0.62

77.0

100

Reaidue 105

100
Hp804

1.2

107

Reslidus 106

100
HoS04
2

9.5

830

28
288
22.7 = 147 leO total
245
1.3
1.3
1l

;2]
Rolle
200
9

(53

O.H = 1-& totﬂl
0.77 = 2,10 total
2.8 = §9.,9 total
O.m

0.10) for roasts at
0.11) wariocus
0.12) temperatures
0.18)



1S OF ARKANSAS 1-1

TABLS XX. 3-STAGE COUNTEE=CURRENT LE2ACH ON FLOTATION CONCINTRAT
Lerch Humber 108 109
Product Leached (Flotztilon Taest Ne.) F==459 Residue from 108
Mesh 100 100
Rezarant Yged st-o,‘ HoB04
Reasent 5trenstn, per ceat 1 2
Bouivalentz Presant 1 5
(Cat0z — 0ag(P04)z)

le-ch Charsa = grams solid 210
Le-ch Charsne E millilitera liguid 2100 1180
Pulp Tensity 10 8
Theoratical Acid Tscuired, pounds/ton ors 200 §6
Potal Acia Added 200 bz
Acld Cormsumed, pounds/ton ore 100 9.6
Residual Acid, pounisf/ten ere 113 215
pE at 5tart 1.3 1.3
pH at End 1.3 1.3
Time of Leach, hoursg 1 1l
Tempzrature of leech, °cC. 25 28
Aritation Relle »lls
Lench Hesldue, grams
COhar-s Hecovered, per cent
Chargs loet 1c leaching, per ceat
Extractions, Mn, per cent of total 1,32 0.48

Fe, per cemt{ of total 0.60 0,96

F, per cent ef total F7.5 1.1
Phosnhorus in Leach Talls
Fiosphorue in non-rasmetie portion
of roasted lesch tails

AHALYSH®S OF PRi-:
! BRaY Percentage
Procuct ! Hn ¥e P 510
¥-489 Unleachsd Heads '  29.2 13.1 1.0 T.:é'
Leached Rgsidus ' 41.0 14.8 0.092 4.7

110

Easgidus f.0a 109

100
HnB04
1

10

30

4

28

265

3%.4 = 173 lhe.
total acid

232 eonsumed

1.3

1.3

1

25

Rolls

200

95

b

0.32 = 2.10 tolal

0.82 = 2.37 total

2.4 - 91.0 total

c.092

0.12) for roasts at

C.10) various

0.10) temeratures



Test 86 could probably be brought up to ferro=~grace bty altering
the roasting conditions. As may be ecen from the aseays of the roasted
prodocts In Teasts 110 and 107, the roestins conditions affect the finad
percentage of phogphorus.

Phe roasting snd mapnetic scparation work was done by Messrs. J. D.
Berdill and R. B. Fisher, Asscciete and hesgletant Metallurgist respec-
tively of the Bureau of Mines.

S5ince in these counter-current systems thess tests represent only
the 1nitls)l runs, they are actuslly tests on multiple contsot bateh pro-
cesgesn; and although the product obtalmed from the various leaching syetems
met gualifications the eamount of acld rejected wam too great to maks theee
process commerolally femsible. The origlnal designs, of course, called
for the utilization of the acics frow one steye in the noxt atage, with
filtration of the sludge betwsen ctages. It hes Leen found in commercial
practice, however, that filtering manganaese ore is almost 1@09311)10.‘15)
honcs these systems were not invigtigeted further and all future efforte
were devoted to the development of 8 mathod whersin f{ltration would
not be necessary.

¥o other leaching scheme trisd ham produced resultas comparable to
those obtaired in thias seriee of teste, but I1f these gysteme--in the
multiple batch form—-were used in forromanganese production the cost of
tha leaching operation would be exhorbitant. The current prics for

sulfuric acid s $0.009 per poumd. FEaoh of these syateme required

(15) Korerosse, P. 3., "Davelopment of Low-Grade Manganese Ores of
Cuba," A. T. M. Z. Tech. Publication No. 1188, p. 8 (1940) =

Mining Technology 4, Mey. 1940.



about 800 pounds of aqgld per ton of ores making the cost of leaching re-
agent alone about $7.20 per ton of ore. This comparoed with an overall
operating margin of abvout $6.00 per ton is entirely out of the quastionm.
3ignificant fuctors to be noted from this morles ars tha high
pulp denelties, the large cxcecass of acid, and the fact that all eof
the leach hcads were flotation ooncentretes.
Duplicate three-atmge counter current teets, similar to System 2
were made in which the 3-per cent acld was added in ths third stege
in amount equivaleat to 150 pounde of acid per ton of ore, with settling
and decanting uwsed in place of filtering between stsgos and after the
third atage. Nine 2anplos we-e subjected to this method which gave
the followling percentages of phosphorus in the residue; 0.187, 0.276,
0.286, 0.279, 0.212, 0.261, 0.248, 0.212, end 0.220.
In eaclh stage of this gystem there was an intermixing of used
and v eolution, and the pulp dilutions wers all relatively lowv.
Nene of the reslduss wore sufficioently low in phosphorus to be of

value,



MISCELIANEOUS LEACHING TXSTS

Acld Gonsumption Teats

Acid congumption tests wore run for the vurpose of determining
optimm l:xching periods. The resultz of the t{ests are ahown in Tables
XXTI and XXII. Mpat of the acld was consumed within the firat 20 minutes
with low percentagos of iron and mangsnese veing extracted. The phos—
phorus analyses showed that there Is no advantage in lesching for a
poeriod exceeding 10 minutes, while the percentage of iron smd mangsne se
dissolved varioe directly as the time of gontast. The manganage and
iron extractious for the longer leaching periods in thie saerice ware
much lowe then those from most of the other leach tests. The :werage
extractlon valus for both manganese and iran after an hour leach 1s
about 2.0 per cent. Ths recaults, however, show the general trend.

(8ee flgure 2).

The data abtained in ths aecld consumption tests suggested the
poasibility of uaing lO-minute washes instesd of long pericde of
agitation ae & method of removing the gaxe amount of phospheruns with
lower accompanying manganeee and iron extractions. PFour series of tests
ware run, using a multiple contact batch process. Tha procedurs was to
leach the ore for 10 minutes with intermittent ghaking, allow the ore
to eattle out (about 30 minutes), dscant the supernatant liquid, and
add fregh acld., After the final leach 600 cc. of water were added
bafore sat:ling and dacentation. Tho ore wee then washed with smother
600 c¢c. of watsr, allowad to settle, the wash woter decanted and the

reaidus transferrod to a pan and céried on & sand bath. Two teste were



TARLT XXI

LEACAING TEST

ACID CONSUMPTION TEST ON ARKANSAS 1-1

Leach Kumbor wo—40
Mash 106G
Reagent used HoS04
Reegent strengih, per cent 1
Equivalent s presant

€aloz - Cag(POgl2 1
Lesach charse = grams solid 25
Leach charge = milliliterse liquid 225
Pulp density - § 9
Theeretical acid required, pounds/ton 200
Toka) acld addsd, pounds/ten 20C
Acid consmumed, pounds/ton 93
Rssiduval acid, pounds/tom 107
pH at start
nH at snd
Time of lezach, minutes 10
Pemperature of leach, °C 25
Agitation Rolle

Phosphorus in lesch tailings, per cent 0.185

100

Hp804

225

200
200
130

Rolle
0,167

100
H5804

LI L

103

Rolle
» 201

45
100

Ha504

226

200
200
108
92

25
Balls
« 187

SRR T L

180

Azlls
.195

A 4



TABLR XX1X
AGID CONSUMPTIGE NATA

K ! Test 1 Tost 2
! Tigg ] ¥ Per ceat Phosphorug

HMimmtes'dcid Conaumedi' Per cemt Extraotion ' Acld Consumed! Mansanese in

] ]

| ¥ 1

1 1 '

' 'poundsften  *'Nn ' Fe ' P ' poundsfton ' Exiracted ' Residue !
' 1 ' 1 1 [] ] 1 1
' 10 ' 168 ! ' ' 1 a3 ' 0.4 ¥ 0.19b6 '
[ ] ] ] ) [ | t []
t 20 1 111 P 042 ' D46 ' 84,5 94 t 0.582 1 0.192 1
] T [] ] 1 1 t 1 ]
v30 ! __szo ' 0.42 ' 0,40 ! 62,6 ! 99 1 0.48 1 0,178 g
"l ] 3 ] i [ 1 1 i
1 80 ! ! ‘ ! ' 130 ' 0.66 1 0,167 '
1 I ) | ] ] 1 ] i
LI+ ) 117 ' O,B68 ' 0,38 ' B4.0 ! 1 ' i
1 ' t 1 1 ¥ ) 1 ]
1 50 ! 1 t ' ! 103 ! 0.62 ! C.20) !
¥ ¥ 1 1 ] t 1 1 1
' 120 ' 187 ' 0,58 ' .86 ' 63,3 ! 108 ! 0.66 ! 0.187 !
[] ] t [ ] ] 1 1 [
v 180 ! ! ' ' ! 108 ! 0.73 ! 0,195 '

Test 1 - 380 peunds acid per ton of ore added = 1 per cent solution

fast 2 - 200 pounds acid per ton of ore added - 1 psr cent sslution

4
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made with solutlons et 86° C., the rest at room temperaturs. The data
for these tests are showa in Tablee XXIXI and XXIV.

The analytical resulte indicete that the wash method is fully as
efficlent as methods in which ons hour was allowed for each contaat
period. ¥For som unknown reasson the acii consumption in thxse teste wae
much higher than in any of thz otle:= lesch toste at the sans acid con=-
centrations. The Lot leaches geamed Lo glve taetter axtraction amd
prompted furthor investigstion.

Hot leacnes

Several sdditional hoit leaches ualng one par cent acld solutlons
and 150 pounds of acld per ton of ore ware mcde. Ths heat was Intro-
duced into the leaching solution by buvbling steam at 212° F. through
it while it was bdeing agitated by an electric atirrur. The temporature
sttained in every leach was 95° C. The phosphorus snalyses on the
residueB wore ae followsi

Arksngas 1-1 Arkangss 1=Db

Phospbnrus in lesach residue, per cent 0.26 0.416
«30 «482

237 -486

«273 . 487

-481

Phospherus in head sample, per ceat .88 « 554

The results from thic set of tests were very diesceuraging, with
the phoephorus valuss in these realdurs even woree than those obtained
with cold lseches. Iack of time prevented the investlig:iion of phos-

phorus dissolution nt temperatures other than 95° C.



TABLE XXIII

WASH TESTS ON RAV ABRKANSAS 1-]

leach Eumber

¥Hesh

Reagent Used

Roagent Strensth, percent

leach Charge, zrams sclll

Lo ch Corge, milliliters liguid

Thaorstical Acid Bequired, pounde/ton ore
Total Acid Agded, pounds/ten ore

Acid Cengumed, pounds/ton ore

Resldual Acid, pounds/ten are

Time of Washee, l0==inute periods
Temperature of Leaach, °C.

Agitation - Hand Shaking

Fhosphorus in Leach Talls, per ceat

Pe=f7  He-58

100 100

B804 HpS04

1 1

) 50

112 (112
(112

200 200

50 100

49.5  97.0

0.5 3.0

1 2

25 25

0.849 0.284

He=59

100

525{".‘4

1l

50
{112
(12
{112

200

150

143

Ted

3

25

0.209

Mc—65

18



TABLE XXIV
WASHIDG TESTS ON BAW AREANSAS 1 AND 1=}

Leach Wumber Me=60 Ho=61 Mc=62 Mo—66 Kc=67
Product Leached Ark 1 Ark 1 Ark 1 Arkl-1 Ark 1-1
Me:h 100 100 100 100 100
Heagant Used H2304 Ho504 Hs804 H504 HoB304
Rearent Strength, per cemt 1 1 1 1 1
Leach Charge, grams gelid 50 04 50 50 50
Leach Charze, milliliters lizuid 22 {223 {223 224 (224
(223 (223 (122
{223
Theoretical Acid Required, peunis/ten ore 300 300 300 200 200
Potal Acid Added, prunds/ten ore 100 200 300 100 160
Acid Oonmsumsd, pounds/ton ore 95,6 A85.5 279 91 134
Eesidual Acid, pomnds/ton ore 4.5 14.5 2 2 16
Pime of Lench, l0~minute periods 1 2 3 1 2
Femperature of leach, ©C. 25 26 =5 85 85
Agitatiom Rolls Rolls Rolls Rolls Rolls
Fhosphorus in Lesch Tails, per cent 1.60 0.847 0.538 0.204 0.227
Phosphorus in Leach Hesds, per cemt 2,42 2.42 2.42 0.88 0.88

(4]



Bummery of the leaching Data

The seversl ferro-grade products obtained in the counter-curremnt
systems used, uwhile not produced by processes which are commerclally
feagible, prove that enough of the phosphatic material in the ore 1is
sufiiciontly eoluble in dilute acids to permit the reduction in phos-
phorus content necessary. (See Psole XXV) All of these low phoephorus
rasldwee were made from flotation comcentrates, whersas all other tents
were run on rew ore. It may be that the flocoulation of the ore brought
8bout in the flotation cell or the presence of trmces of the flotation
Teagents are beneficiml to the leaching operation. The other important
factora associated only with the counter—current geriss are the high
pulp dilutions used and the large exceesas of mcid.

Three points of unusual interest were brought out in this leach-
ing investigationt firet, the phosphorus vms more soluble in dilute
mRolde than it was in strong acide; second, filtering between stages
suemed to bs beneficiml while no results were obtained Ly decantation
and third, hot leaches at 956° C. wer: worme then the cold leachss. 1Ia
discussing thie with Dr. Schrenk, it was Ruggested that perhaps the
trouble might be dus to ths leach solutions being saturated with
calciun sulfate.

Trare ie muck evidence to support the fact that the lsach solu-
tlens are saturated with this salt. As shown 1n the ore snalyses in
Tabls I1, there is 2.8 per ceant of Cad &¢ Cal03 in Arkaneas l=1, which
is more than enough eoluble calcium te produce supersaturation in the
volumes of solutions usually employed in a leach teat. (&se Fizures 3
and 4). It was often obeerved thet clear filltrates from leach reelduwss

precipitated a white crystalline solid after standing for an howr which



TABLE IXV
PEOSPHOBUS REDUCTION IN SAMPLES TREATED

¥Perc antage of Phosphoras
1

i Ron-Magnetle ' Perro~zrade

' '
4 ! []
' Product ¥ 1 ' ' Boasted Portion ' Specifica=-
Test ' (Flotatlon ! ! Rlotation ' leach ' (Pinal concent- ! tions
Eo. ' Rumber) ' Baw Ore ' Concentrates ' Besldus ' rats) ! (Grade 3)
1 1 1 f 1 !
64 ' 468 ' (.88 ' Fet reported ' (.16 ! 0.12 ' 0.18
1 [ ] 1 1 1
65 1 481 | 0.88 ' Bot reperted ' 0,16 ! 0.18 ' J.18
] |} [} 1 I 1
67 ' 485 ! 0.,88 * Bot reported ' 0.13 ! ? 0.18
' - 1 ] ! ' '
68 ' 461 ! _0.88 ' Hot reported ' 0.27 ! ! 0.18
] ] L] l.a) t 1 1
84 ' 476 ' .88 0,74 ' 0.1 ! 0.09 ! 0.18
¥ 1 t [ 1 ]
B6 ' 473 ' _O0.,B8 l.1 ' Q.17 ¢ 0.19 ' 0.18
J ! ! 1.1 ' ' 0.12) analyges '
107 ' 490 ' Oo.B8 0.77 * 0.086 ' 0.16) from ' 0.18
' ! ! ! ' 0.13) wvaried
' t ' ! ! 0.12) reasting '
r - L ‘ t 0.10) condf- !
' ! ' ' ' 0.11) tions !
i ! ' 1.20 ' t0.13) !
110 *+ 489 t 0.88 ¢ 0.863 ' 0,082 ¢ 0.10) ditto ' 0.18
I ' 1 1 ' 0_10) 1

+3









was highly imeoluble in all acids. Rvery ferro-grade product thet was
obtained came from solutions which had very high pulp dilutions, large
excesses of acld, and which had been filtered batween stazee, hence

the calcium sulfate was either easlily carried in solution or completely
eliminagsd by filtration. On the other hand, however, most of ths
single batch leachss contalned too little solution to carry all of the
calcium sulfate present in solution, hence wvhen the saturatien point
was reachsd, it 1s possible thmt an impervious layer of calcium sulfate
fila could form over the surface of the undlissolved phosphets rook
particles, thus preventing thelr further dissolution.

Thiz line of reasoning would also acsount for the fact that strong
acids were not aas effective as weak aolde. BEvery strong acid leach had
& low pulp dilution eo that despite the inecresased solubility of calcium
sulfate in strong acid, there was still enough calcium present to pro-
duce a saturatod solutfen im much shorter time than was required 4im the
mors dilute pulps, thme preventing a larger portien of the phosphorus
from going inte solution.

From the data collascted by Hoertel and ‘Waldron, several tables ef
somputations wers made in an effort to correlate the numerocus facters
involved 80 as to find ths contrelling factor in the leaching operation.
In almost every oase each variable was either a straight lins function
of another with a third being held constant, or else thsy were power
functions of the type normelly expected. Ons plot of per cent phosphorus
in the residus versus pulp dilution (Figure 5) suggested that the con~
trolling factor was the pulp dilutien, which varied inversely as the per
cent phosphorus remaining in the residus. Although eeveral low phosphorus

values had previously been obtaimsd at high pulp dilutions, subsegueant



leaches at very high pulp dilutione which were made to check with this
curve could preduce results no lower than 0.19 per cent phosphorus.

Thie indicates that both the percentage extraction and the pulp dilution
are secondary to some other factor as yet undetermined. Ope thins that
was quite apparant from several of the plots wAs that low acid concentra—
tions were fully as effective as high concentrations na lonz 88 thare was
suff{cient acid present to keep the pulp acldic.

As ia ehown In Figure 6, the amount of phosphorus extracted frem
thase ores variss from 19 to 90 per cent which is definite proof that
somd ona imsoluble phosphate mineral constituent is not reapensible for
the phosphorus in the rewidue coneistently ranging batween 0.20 and
0.22 per cent. Thera is evidently somathing taking place in the leach
solution wbich is either preventing the phosphorus from going completely
into solution, or is re-precipiting the phosphorus in some ingelubles form.
Two agmts may Da responsible for either of these conditions: first, the
presance of ocolloidal slimee, which would acoslerate the precipitatien
of either sulfete or phosphate salts that had exceeded their respasctive
saturation values; and second, ths presence of metallic lons which would
re~precipitate the dissolved phosphates as imsolubls salts. Beth types
of agent are present in thege solutioms. A third mechanisa which wuld
account fer the incomplets dissclution of the phosphorus is the decomposi-
tion of solubls salts of the phospbates into fairly imasoluble forms,

a phenomenon quite characteristic of the compounds of this puzzling
element.

Most of the ore usad in the leach tests conteined a large percentage
of materisl that would pass thru a 400-meah acreen, hance the leach
dolutions were losded with very fine slimes. Both the filteringz operation

amd flotation ssemed to oliminate these to a great degree, and they






were unsually associated with low phosphorus residuse. Since the majority
of the phosphate rack is in the minus 180-mesh fraction, and since these
fine particles are the ldeal locations for incipiemt precipitation, it 1ie
loglcal to assume that the calcium sulfate film theory previouely mention-
ed 18 a plauaible ona, amd ghould be investigated thoroughly. No deter~
uinatlons of calcium were ever mede in the leach solutions, hance this
theory could not be checked with ths data available at present. Howsver,
both Figure 2 sad 3 showing the solubility of calcium sulfats In gulfuric
and phosphorlc aclids make evident the fact that there is more than eaough
calcium to prsducs saturated solutions, hance thsir effects are to be
aexpscted.

The pressuce of iron and manganese lons in the leach solutions
allovws the poseidility of the formation of several manganese and iron
phosphates as well as double phosphate salts of these metals. The com—
pounde that would be the most troublesome and the most likely to form
ars ferric phosphete and manganous dihydrogen orthophosphatse.

Perrie orthophosphats, Fes(POy)p.xHo0, 18 reported to be easily
seluble im dilute minersal acids excepting agusous solutions of phog=
phoric acid.(18) §ince the final sulfuric asid concentrations in msny
ef e leaches have been guite lew, it ie¢ poesible that precipitation
of this salt from these dilube phosphoric acid solutions say heve takmn
place in several instances.

Manganous tetrahydrogen phesphnte, MnHy(PO4)n, 48 & very eoluble

salt and ons eof the most loglcal compounda to be expected in the lssch

(16) Oomey, A. M., "A Dictionary of Chemical Solubilities,” Second Ed.,

Y. Y., MacNillan, 1921, p. 684.

€1



62

solution. Howsver, with lses than 20 grams of this salt to 100 grans
of water, dscomposition tokes place eimilar to that of calcium mono-

phosphates
CaB4(PO4)z = CaHPO4 { HzPO4

Mnlig(PO4)2 = MnHPO4 # Egroy

MnHPO4 is reported esasily soluble in concentrated a.cmu.(r’)

which
would lsad one ta believe that 4t is fairly inscluble in dilute acldws,
especlally phoaphoric scid. 1If this assumption is true, this is another
means Dy which phosphorus mey bde being re—precipitated from solution.

Ae for the third mechaniem mentloned, Armeby(l®) hes shown that if
sulfuriec acid reacts with an excess of calelum orthophosphnte, after
five minutes 93 per cent of the theoretical amount of phosphoric acid
will be formed. If ths solutlon is allowed to stand, however, the
amount of soluble phosphate decreases rapidly so that at the end of 30
minutes only 36 per cent of the theoretical awount of the phosphoric
acid is in solution. The following equations are given to explain this
phencmenont

Cag(PO4), + HpS04 = CalHy(POq)z f Ca30s

Caly(FQq)z # Cag(POg)y = 4CalPO4
It 1s quite poseible thst thase same reactions are taking place in the
lsech solutiens with the ultimate fermation of the fairly insoluble
calcium dthydrogen phosphate. Pigure 7 shows the solublility of this salt

in aqueous solutions of phosphoric scid, with the curvs extrapolated %o

(17) 00!07. A. K., P Ui‘.. Ps 898.
(18) Armedy, H. P., "On the Reactien of Sulfuric Acid upon Tri-caleie

Phosphate,® Amer. Journ. Sel. 12, 3. Series, p. 46-48 (1876).
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bring 1% inte the range of the phosphoric acld strengths resulting
from the lsaching of the manganese ores. If thls extrapolatien is
correct, thia curve shows very definitely that the presence of aven
small amounte of this salt are potential sources of trouble.

Armeby also found thet the converasions of the monecalcium phos-
phate to the dlemlolum phosphste was accelerated by an incresse in
temperature, which phenomenon would explain thae high phosphorus residues
obtaiped in the hot leaches.

lrlenmoyer( 19)

says that CaH,(PO4), 18 decomposed into CaHPO, when
the raetio of water to the weight of monocalaium phosvhate 18 lsss than
700t1, hsnce thie decomposition ia also & function of pulp dilution,
This toe would check with ths resulte obtained in this psper alnce most
of the low pulp dilutions produced high phosphorus residuess. Rrlenmeyer
8lso reports that decomposition takes place at 50° 0. whioch further
substantistes Armeby’as findings and agaln fits in with ths results
ebtained in thie paper.

Any or all of thage theories proposed to explain the faulty leach-
ing of these manganess ores Are very plausidble, yot wch more detailed
ressarch work wuld have to be dome in order to prove any ons of them.

If the trouble encountered is due to functiems of ths leach
solution etimulated eithsr by slimes, metalliic lons, or decompositions,
ths best way of sliminating it 18 to remove the leaah solutlon from the
ore as fast as it diseplves the phosphorus from the ore. Thic can de

done by leaching ths ore directly on a filter, passing dilute anid

solutions thru the ore once without sny recirculetion whatsoever. A4

(19) Comsy, A. M., op. cit., p. 687.



test of thie type was made en Arkaneas 1-1 in which 500 pownds of acid
per ton of ore in a ons-half per cent solution wvas filtered thru the
ore. A residur contailning 0.17 per cent was obtained, thus showing

thet this method has poeelbilitice.



66

PART IIX

VOLATILIZATION OF PHOSPHORUS

The succesaful elimination of impurities such as lead and copper

from manganese ores has been accompllshsd dy edding sulfuric acid acd

sodlar chloride to the ore amd then romsting at blgh temparatures,

during which procesa anlorides of the impuritiss ars formed whlch

volatilize at the roasting temperature. Sincs phosphorus forms seversl

chleridas and oxychlorides which are quite veletile &t relatively low

temperaturca (300° C.) 1t wae hoped that the phosphorus might be re=

moved from this ore by similar methods.

The following ore charges were mads and treated as fellowet

Sinter A - 100 grams of ore, 10 grams sulfuric scid (1.84), 4 per

B8inter B

Sinter @

Sinter D

Sinter B

cent KaCl - charge was roasted at 960° 0. for 4 hours,
coolsd alowly for 4 hours to 150° C., then quenchsd

in water.

14 pounds of ore charge containring 12 per cent water gnd
10 per cent coke - sintered in & Dwight-=lloyd typs labora-
tory machins.

14 pounda of ore chargs containing 12 per cent water,

10 per cant coke, and 4 per cent ¥aCl ~ sintered in the
laboratory machine.

14 pounds of ore charge containing 10 per cent coke,
1.36 pounds of sulfuric acid (1.84), and 12 per cent
water - sintered.

14 pounds of ore charge containing 10 per cent coke,

1.36 pounas sulfuric acld, 12 per cent weter, and 4



per cent Na(l - eintered.

Analyses of the sintered products obtailned are ehoun in Table
XXVl. These indicate that under ordinary reasting snd sintering
conditons the phosphorue 1e not converted into a volatile compound.

whan thece sinters were winehed thoroughly in a emall amount of
water, a trace of water-soluble phosphetes could be found, but the
amount wae insignificantly small.

Several tests were run to determine whether or not these aspecial
sintering operations had rendered the phoephate mineral smy more
soluble in dilute salfuric acld. The results of these tests are shown
in Tables XXVII, XXVIII, and XXIX. It ia apparent from the high phos-
phorus in the leach tails that the eintered product is not amenadle to

phosphate leaching with dilute acid.

a?



TABLE XXVI

ANALYSZS OF S5INTIRS

Apsay Percentages

1 T 1
] + ]
) I 1
' Sinter ! kn Fe P Si02 Insol !
¥ [] ]
¢« Binter A (WaOl.HpS04) 1 28.41 14.6 0.82 -_ - '
' ' 0.91 - -- '
' Sinter B (plain) 1 30.11 15.6 0.85 17.08 - '
] 1 1
v e (fusaed portion) t 28.M 16.0 0.96 14.0 -— t
1 U '
+ Sinter 0 (Rall) v 29,33 14.9 0.81 14.08 18.04 '
t ) ]
1 Sinter D (E,50,4) 1 28,55 14.3 0.94 13,74 23.0C 1
t 1 I
LI (fused portien) r 29.00 14.1 0.81 15,66 26.80 '
1 L} 1
' ginter ¥ (NaCl.Hp504) ' 20, 16.5 0.85 14.48 16,70 :
¥ ' '
| Heads Analysos ' 28.7 12.0 0.88 12.08 I
1 1 ]
t t 1
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TASLE XXVII

IRACH TBSTS ON SINTERRD PROTUCTS (F ARK 1-1

leach ¥umber

Produot leashed-irk 1-]

Mesh

Reagent Used

Reagent Strength, per ceat

Leach Carge - grams solid

Lasach Charge = milliliters liquid
Fulp Deneity .g'.

Theorstical Acid Required, pounds/tea
Total Acid Added, pounds/ten

Acid Consumed, peunds/tea

Residual Acid, pounds/ten

?ime of Leach, houre

Temperature of Leach, °C.

Agltation

Charge Rsceversd, psr cant
Bxtractions of Mo, per cent of tetal
Phosphorus in Leach Tails, per ceat

a. 'Ths plain sinter was made from Arksnsas 1-4 with a heads analysis of 2.06 per ceat

phespherus.

No~-31
SBiater 1

Mad2
Sinter B
wmerushed

Bz0

50
800

5

25
Bells
100

.811

Me=51
Sinter® A
uncrushed

H2504
1
35

200
B

160

145

5

1

2]
Bolls
98
6.17
2.32

Me=b2
Sinter A
vnerashed

B804
1
35

400
10

300
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TAB_Z XXVIII

LEACH TRS?S OF SINTERED PRODUGTS OF ARXANSAI 1-1

Leach Bumber He=53 NMo-b4 Me=£5 Mc=53
*Product Lesched Sinter B 8inter ¢ Sinter D Sinter ®
Mash Dacrushed Uncrushed Uncrusred Uncrushad
Rgngant Teed H-804 HoS04 H50, HoS804
Beagent Stremgth, per cent 1l 1 by
Leach Charge = grams solid 2b b 2E b
Isach (harge, milliliters liguid (200 {200 {200 (200
{100 (100 (100 (100

Theeratical dcid Required,

pounds/ton ore 300 200 200 200
Total Acid Added, pounds/ten sre 300 300 o0 2
Tevperatwe ef Leach, 20, 25 28 25 26
Phosphorus in lLeczch Talls, per cent 2,16 0.763 0.749 0.876

sginter B was made from Arkanees l=4 with a heads analysis ef 2.06%1 P.

Bach sa~ple was washed for five minutos in 200ec ef 1 per cent acid, the acid decanted off,

100 ec of fresh 1 per cent soid added and sample washed for another five mimutes. Acid was
then dscanted, sample washed twice with cold water.

04



TALSLE XXIV

LEACHING OF SINTER BPY PERCULATION MMTHODS - AREKANSAS 1-1

Leach Number McBO McB8l
Product Leached Sinter A Besiduz from 80
1.7 1.1 Taecrushed Uncrushed
Reagent Used H504 HpS04
Reagent Strength, per cem$ 3
Leach Charge, grams selld 100
Theerstical Acid BRequired, 200

pounds/ten are
PTotal Acld Added, pounds/ten ere 100 126
Acld Consumed, pounds/ton ore 30 36.5
fime of Leach, minutes 30 15
Yamperature ef lLeach, 90, 25 25
Agitatien Nones Nonme
Extractions of Mn, per cent ot total 2.1 2.46
Phospherus in lLeach Tails, per cemt 0.788
Fhesphorus in Lench Haads, per cant 0.953

Mcaz McE2
Sinter 0 Residue from 82
Uncrushed Uncrushed
H2504 Ep504
3
100
220
76 135
657
30 15
b 25
¥one None
2I8
0.769
0.841

Acid was perculated through sinter at fairly rapid rate with continuous

re-circulation for periede of time neted.

1 Y2



CONOLUGIONS

The conclusions thet can be drawn from the data obtsined in thie

research problem narrov down to the following major considerations:

1.

2e

4.

b,

6.

7.

The most abundent phosphate mineral in the Arksnsas wad ores
investigated in this work ig phospmate rock, with apatite the
geocond most important phosphorus-bearing constituent.

Theea phosphate minerals are gufficlently soluble in dilute acids
wnder the proper conditiona so that they can de leached teo
produce & residus which will mset ferro-grade B specifications.
Leach reslduea contalning as low as 0.09 per cent phosphorus can
beé produced at a oocet of approximately 37.50 per ton, but the
procese is ecomomically imposelble.

Ultinate methods of leaching the ere miet either use filtration
in & counter-curreat aystam, or a stabilizing reagent mast be
digcovered which will allow the phosphate 0 go completely into
solution and remein in & soluble form untll tho leach solution
can be removed from the ore.

leaching directly on a filter ssems to have possibilities.
Sintered products are not amenable to leaching methods because
of their fused comdiitionm,

Phosphorus cennot be volatilired from the ore by ordinary metheds

in ths Dwight-Lloyd type laboratory sintering machlne.

Although a large amount of work bas been dome upom this problem and

soms ferro-grade products procduced, an economically sound method for

removing phoephoerus from the Arksneas wad ores atill remains to De

developed. Thie paper has shewvn that the phosphorus can be removed frem

72



the ora, and the writer is confideat that the Bureau of Miosa Staff
which ie continulng the work will flnd a practical solutlon to the

problem in the very mear future.
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