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INTRODUCTION

This presentation covers thé reésults of laboretory studies conducted
by the Bureau of Mines Mineral.Dressing.Section, Northwest Electrodevelop-
ment ,La‘boratory, Albany, Oreg., on alluvial sands from Dismal Swamp, Bear
Velley, end Cescade, Idaho. '

The search for radiocactive minerals. has led to the reexamination of
glluvial deposits; in the process of. this reappraisal the frequent presence
of minerals bearing columbium and /or tantalum was noted _Because of in-
creased demand for these metals by thé defense’ industries and because these
industries depend:upon foreign sources. for. their supply. the domestic allu-
vial black sands:are-being considered as. a possible domestic.source, How-

ever, utilization of these a_luv1a.l deposits. depends upon development of
methode of concentrating these va.luable minerals .

The primary obgective of the teat work was the study of the effect of
attritlon scrub‘bing , sizing y mgnetic ’ electrostatic , and grav:Lty sepata-
tion as meth ds for concént rating and recovering the columbium and tantalum-
bearing minerals ;. samarskite, ,euxemte, ilmenorutile, and columbite.

DISMAL ‘SWAMP

sﬁmmary

Laboratory test work wa.s conducted on a sample of columbite-bearing
black-sand concentra‘be from D:Lsmal Swamp, Elmore County ’ Idsho, with thé
object of producing , by phynlcal methods, columbite -and other valuable”
mineral concentrates,

Leboratory tests 1nd1cated that 'by SlZng and magnetic separation,
88.0 percent of the (Cb, Ta.) 0 could be. recovered in a columbite con-
centrate representing 6"{ 1!-7 pe?cent ‘of 'the’ weight » which had an analysis
of 60,0 percent Cb205 and 6,0 percent Ta205. -

Additional magnetic separations recovered 3,07 percent (Cb, Ta)eO
in & samarskite concentrate that represented 6.l percent of the weight
and had an analysis of 23.0 percent Cl?‘295 and 2.3 percent Ta,0 5°

Beheficiation of thé Dismal Svamp Black Sands

Nature of Ore

This sample of colu.mbite ‘black sand was submitted by Mr., 0, E,
Pothier, mining engineer £or the J. R. Simplot Co., Continental Bank
Building, Boise, Idaho.



Representative portions of the head sample was prepared and submitteg
for chemical and spectographic analyses, with the results as shown in .
tables 1 and 2,

TABLE 1, - Chemical analyses
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1/ Quaentitative X-ray fluorescent analysis,

A representative aample of the eands was examined in the petrogmphic
1aboratory and was reported to con'bain essentia.‘l.ly columbite , Eome guaits
and feldspar, less garnet end monazite, , end rela.tively small amounts of
the following minérals: Ilménite, altered zircon, cassiterite N sericite ’
less topez, rutile, xenotime, and octahedrite,

The sample also conteins a small emount of black radioactive material,
a part of which is samerskite., The remainder of this material has been
identified as fergusonite, according to Dana's Textbook of Mineralogy .
essentially a metacolumbate (and ‘tantalste) of yttrium with exbium, cérium,
and uranium, X- ray enalyses of & pure .concentrate of the recrysta.llized
material confirmed the idemtification,

Studies and. snelyses of a pure concentrate of the altered zircon indi-
cate that it can be classed as the’ variety cyrbolite.. Examination further
showed that the mineral contedins 2.5 percent uranium and 5.5 percent -t-,horium
and had 'a Hf x 100 ratio of b 6.

ZT+BE

Emerim‘en?t\él Procedure-

Representative samples of the columbite-bearing sands were sized on
a 28-mesh screen gnd.both the oversize and undersize were separately sub-
jected to megnetic separations on the Stearns ring-type mumber O magnetic
separator set at 1/h-inch air-gep spacing.

The ilmenite. (l)h’/ and some of the garnet were: removed at an intensity
of 1.2 empexes. A:.clean garnet ooncentrate (2) vas, removed at 2,2 amperes:
Although all of the gernet wes not susceptible, increasi.ng the intensity to
completely separate the garmet resulted in attracting more colunbite than

E/ Nunbers in parentheses refer to “operations so aasiénated on flowsheet,
fig, 1.
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gernet; this would appreciably lower the recovery of (Cb, Ta)205. A setting
of 3.2 emperes on the ring-type separator was not enough to completely remove
the columbite (3). Therefore, 1t was necessary to pass the remaining non-
mgnetic fraction across the Stearns-Wetherill crossbelt type R number 1-B
megnetic separator set at 1/’+-inch eir-gap spacing end 3.0 amperes for com-
plete recovery of the columbite (3). High-grade samarskite concentrates (k)
were produced by passing the nonmagnetic fraction over the crossbelt sepa-
rator at a setting of 3.8 amperes, A final separation at 4.2 amperes removed
monazite (35} from the nonmegnetic quartz, feldspar, and zircon. The nonmag-
netic procducts were also observed to contain cassiterite, topaz, rutile,
xenotime, and octahedrite. The nonmagnetic fractions were hydraulically
classified, and the sized fractions were separately passed across the Deister-
Overstrom one-quarter deck shaking teble 4o produce a zircon-cassiterite con-
centrate and a Quartz-feldspar tailing (7). Similar megnetic and gravity
products were combined and submitted for quantitative X-ray fluorescent snd
chemical anslyses,

Metallurgical data for this test work sre shown in table 3 and a flov-
sheet in figure 1,

TABLE 3. - Metallurgical date from sizing, magnetic separation, and
tabling of Dismal Svamp columbite-bearing -
black-sand concentrate” -

Tt T Tt Weight, | Analysis, percent | Distribution, percent
Product percent Cb205 Ta2755 Cb205 '1‘3205
TImenite (1) I/~ B2 2,021 —
Garnet (2) 3.70 1.,71<1.0
Columbite (3) 67 47 60,0 6.0 88,00 88.00
Sararskite (hg 2/ 6.1k 23,0 | 2.3 3,07 3.07
Nonazite (5) 3/ 3.49 1.4 | <1.0
Zircon (6) L/ 5.58 <.51<1.0
Quertz and feldspar (7) 8.50 (.5 |<1.0
"ssay head 100,00 | 6.0 | 46 |
—_— —_—l ~ - I S, -

;/ Numbers in parentheses refer to products made in operation, which are
similarly numbered on flowsheet, fig, 1.

2/ Also enalyzes 2,25 percent uranium,

3/ Also enalyzes 50.8 percent REO+Th,

lf/ Also analyzes 6,37 percent tin, and 59,3 percent Zr0 in which the

Bf x 100 ratio is 4.6.
B+ Zr

Conclusions

B ——

The columbite and samarskite present in the alluvial black sands from
Dismal Swamp, Idaho, were readily concentrated by sizing, gravity, and mag-
betic separation. As much as 88.0 percent of the columbium was recovered in
e columbite concentrate with an analysis of 66.0 percent (Cb, Ta)p0s5. Appre-
¢leble quantities of samarskite, monazite, and zircon concentrates produced
8lso would be valuable byproducts in the economic consideration of this black-

Send sample.
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Figure 1. - Test flowsheet for Dismal Swamp black-sand concentrate.



BEAR'VALLEY.
Summa.ry

- The BearValley placer deposits have been estimated from drilling.
tes‘cs to: con’caln substantial quantities of euxen:.te._ M1nus-l6 mesh gravity
concentrated black sands from these placer déposits: were tested in the
leboratory. The original gravel had been jigged end tabled to produce a
heavy black-sand fraction free from: light ‘sand and slimes,

The Bear Valley black sands are a complex mixture of many minerals
heving closely relateéd magnetic susceptibilities,. specific- gravity, and
electrostatic or high-tension; conduct:.vi‘ty. In general, electrostatic
separation makes-use’ of: a process employing & chargéd field with little
or no current flow and utilizes the attraction of particles of one charge
toward en electrode of the oppos:d:e charge. ‘High:tensidn separation, on
the other hand, utilizes a.yvery hlgh rate of. .electrical discharge, with
electron flow and gaseous 1on1zat10n playing & major part The minerals
receive e spray discharge of. electricity, which gives: them a high surface
charge attracting them to a grmmded spinmng rotor. THe partlcles with
a relatively high conductivﬂ:y will teadilyleak: oi‘f ‘thlS ‘charge to the
grounded rotor and be throwm from the rotor;. 'I'hese parb:n.cles of a rela-
tively low conductivity. will be attracted and pimed-to’ the rotor, Sep-
arations of this type will be: referred to in this- reporb as high-tension

separation,

About 85 percent of the: columblum-tantalum-bearlng ‘minerals can be
recovered, but a spectrographic analysis of “handpicked ilmenite grains
shoved the 1lmen1te mineral to contain 0,80 -percent' Tan0s5.and 0,32 per-
cent Cbgo ---- “Owing to this- condition,. k0 to .50:percent of the.coumbined
oxides .ave: lost in the iYmenite,which contains. about;O, 60 percenu (C'b 9

Te.);0 o

Mest work ‘demonstrated .that. attrition. scrubbing, roasting, and mag-.
netic and high-tension separation were éffective methods in concentratlng.
the euxenite, ilmenorutile; and columbite minerals, Preconditioning the
scrubbed concentrates -with ECl and benzoic:acid changed.the mineral sur-
facés and mineral ‘response t6 an electric field: The.euxenite-and, ilmeno-
rutile then acted as conductors dunng high-tension. separatlon. Hea't
treating this material produced the same results, and also had a prondunced
effect on many of thé¢ minerals by increasing their magnetic- susceptibili-
ties, It was demonstrated that roasting thée material, following removal
of the mgnetlte j titanlferous wagnetite; ilmenite, and garmet; was of
definite ‘benefit in obtain:mg cleaner magnetlc separations with. higher
recovery. Roastlng of-this small.fraction, representing about 9 percent
of the original weight of the heevy sands, resulted in g product ; con-
centrated by magnetic and high-tension separatlon methods y with'an analy-
sis’ of 26,4 percent (Cb, Ta)20 3.48 percent U;0,, 1T.3-percent REO+THO,,
and an overall recovery of 47 89 percent, that §egresented 1.12 percent 2

of the original weight, P



Nature of Qxe

Beneficiation of Bear Valley Black Sands

4 The sample was submitted by Mr.-R; H: Storch, mining engineer. , Blrean

R

for the a.nalyses shown in’ tables h:and 5,

PARIE 4,

Representatlve portions: were prepared and su‘bmitted
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TABLE 5, - Spectrographic analysis
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A representat:.ve sample of the ore was examined in the petmgraphlc E
leboratory -and was found to ‘contain magnetite; titan.iferous magnetite; .
some 1lmenite, garnet, sphene; quartz , feldspar, small amounts of euxenite Y
hornblende, allanite, biotite, epidote, limonite, hematlte, sericite,
11menorutile , and very smell amounts:‘of monazite, columbite; spinel, rutile,
zlrcon, octahedrite, and pyrite,

Handpicked concentiates of .the tentalum-solumbium-bearing minerals
were ‘submitted for quantative X-ray spectrographic analyses, The results
of these’ amlysee are shown in. table 6,

TABLE 6. - X-ray spectrographic .enalyses

RTels  [O50y [Teg05 [ U [TE | ¥ [Te (080, | Bi0p [ D50, [ ¥e.
Euxenite ..o..| 28.0 | 2.0 [15.0]5.8 [II,0[1.0 -*1;_;0 5 ST 5.0 056
Columbite ....| 58. 0| 14,0 . !
Ilmenorutile .| 18.0 | 11,0
Ilmenite ccooo | .38 .80




piacussion of Procedure
— I .

The tests have been directed toward beneficiating the radiocactive:
plack sands with studies to determine the effects of scrubbing, sizing,
and magnetic’ and electrostatic separation on.roasted and unroasted:min-
eralé . the principle aim being concentration of euxenite, ilmenorutile,
colunbite, and monazite, -Studies were 'made also to-determine the optimum.
yoasting temperature; output voltage, and polaerity of the electrostatic
seperator for separation of these minerxals,

Examination of the black sands showed.that only trace amounts.of colum-
bite and monazite were precent and:evaluation of thé concentration of. these
minerals. would be difficult because of the .limited .amount of black sahds and
the small-ccals equipment available for test work,

~Microscopic identification of the several columbium-tantelum bearing
ninerals is difficult even for the trained petrographer, and is:accurate
only:with :the petrographic microscope; therefore, in all-test: work. the
Tracerlab; 64 scaler Gelger counter .was used’to. trace:the path of:the
highly radioactive mineral euxenite. -Ilmenorutile, essemtially nonradio-
active, having similar magnetic and high-tension.properties; was comcen-
trated with the euxemite. It was observed that; by correlation between
the (Cb, Ta) 0; analycis and radioactivity. of the tantalum-columbium-.
bearing mine 6; a reasonably accurate.ectimaté could be made of the
combined oxides content of any particular magnetic product.

Procedure and Results

Microscopic-examination of the black sends showed surface oxidation,
and weny of the mineral surfaces were iron stained,; Thic considersbly
eltered the megnetic. properties of the ‘minerale; -and: since electrostatic.
separation -of the minerals is.principally a surface phenomena, it was- found
necessary to clesn the minersl. surfaces before further treatment, :The Wemco
attrition:scrubber operated at ‘80 percent colids. was uséd to:clean the min-
eral surface.as a.preliminary step in all test work.

Since examination of the black sands.showed they contdin .essentially
mgnetite; titaniferous magnetite, and ilmenite, the Davis tube or the
Stearns wet-type mmgnetic- separators were used to remove the magnetite
and titanifercus. magnetite from the minerals of lower. waghetic susceptibility.

To determine the:ratio of concentration. obtained by magnetic separation,
representative samples of the Bear Valley sands were attrition scrubbed and
mgnetite and titaniferous magnetite were separated from the remaining min-
erals, The: nonmagnetic fraction was sized on 28- and 48-mesh. screen; and
Separate sized fractions were pasced across the Stearns ring-type number 0
mgnetic separator, with the air-gap spacing set at 3/8 inch, at incremsing
intensities. from 1.1 to 3.5 amperes, The nonmagnetic fractions from the
ring separator were pasced across the. Stearns Wetherill crossbelt type R
mmber 1-B magnetic sepayator set at 3/8-inch air-gap spacing “axd 4,0
tmperes . Similay megnetic products for each size fraction were combined and
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submitted for X-ray fluorescent analyses. The combined concemtrates had:an
analysis of 4,55 percent (Cb, 'I‘a.)ao5 s With an overall recovery of 30.01 pep.

cent and a concentration ratio of 7 “3h:1,

Comparison tests using heat treatment on the smell weight fraction
remaining after removal of the megnetite, titaniferous magnetite, ilvenite. ;
and garnet, by magnetic separation demonstrated that an increase in- et .
covery and selectivity was obtained during magnetic separation when roast-‘
ing was employed,

A representative sample of the black sands was treated by removing.
.the magnetite and titaniferous magnetite by wet magnetic separation end
the bulk of the ilmenite and garnet by s ring.type magnetic separator, .-

The final nonmegnetic fraction from this procedure was given an oxidig.
ing roast for'2 hours at: 800° ¢, in en electrically heated muffle furndce,
It is doubtful if <this roast would require 2 hours, but time and material
did not permit an investigation of this test varisble, The roasted product:
was then sized on 28- and 48-mesh screens, and the separate size fractions.
were passed across the. ring separator set at 3/8-inch air-gap spacing and
2.8 amperes. to remove the remaining ilmenite and gamet,

After roasting, the ilmenite could be removed at a lower intensity,.
thus having little -effect on the columbium-tantalum-bearing minerals. ;This
resulted in a cleaner separation at increased recovery, The nonmagnetic
fractions were repassed at 3.4t amperes to seperate the euxenite, ilmeno-
rutile, epidote, and allanite from the minerals of lower susceptibilityi.

The combined euxenite-ilmenorutile rich product had an analysis of.
L2 percent (Cb, Ta)2 s with a recovery of about 50,0 percent. In an:
attempt.to further upargde this material it was passed acroes the Deister-
Overstrom one-quarterdeck shaking table to produce & rougher concentiate,
Each product vas submitted for X-ray fluorescent analyses The conbined.
table concentrates hed an amelyses of 9.6 percent (Cb, Ta),O- with an:over-
all recovery of 15,33 percent.at a concentration ratio of 55.3 1,

The minerals in this black-send semple were obsexved to have the.approxi-
mate order of decreasing magnetic susceptibility.as follows: Ma.gnetite, ti-
taniferous mmagnetite, ilmenite, .columbite, gammet, epidote4, ilmenorutile,
euxenite, allanite, hornblende; biotite, sericite, sphene; monezite, and

_pyritejiwith spinel, octahedrite, rutile; zircon, quartz, and feldspar being
nonmegnetic at the intensities used, Hematite and limonite psuedomorphs
were .observed in all of the higher intensity magnetic fractioms,

It was noted that the small amount of columbite precent in this sample
was pusceptible at the highest intencities required for complete removal
of the ilmenite. After rossting the material the intemsities required for
complete removal of ilmenite and gernet were lowered, Examination of these
magnetic products showed that columbite was not affected as mueh by roasting
a5 the ilmenite and gernet; therefore,” columbite reported in the high garnet

fraction,



9

Since the columbite:snd ilmenite both act:as: conductors, whereas.the
garnet is a nonconductor, it was. advantezéous 1o ‘collect the columbite with
the garnet. This would permit & eepsration of the columbite from the garmet
by-electrostatic methods..

Results ‘of ‘the test work showed that magnetic: separation and tebling of
this complex ore were. not- adequate in;producing e ‘high-grade (Cb P Te.)20

_product commensurate with good recovery; s because the closenéss of megne ic

susceptidility end specific gravity prohibited.clean separations of any
pinerals,.:

After scrubbing. and: removal of magnetite and titaniferous mgnetite R
electrostatic.:geparations were made . with the broad beam 1arge diameter
electrods. at: 10,000 volts, &:rotor speed of:lL0. rip.m,, an air-gap. spacing
of sufficient diste.nce “to.prevent arcing: between electrode and. rotor » and
the output.electrode.either positive :or: ‘negative; ° The separa.tions of
euxenite; ilmenorutile, columbite, and ilmenite, . from epidote,, garnet,
sphene, and quartz iwere: not successful in these tests .

Separations were . mede on representative samples of the black sands s
after scrubbing and removing magnetite and titaniferous magnetite for'l
sample and scrubbing and removing magnetite, tita.niferous magnetite, il-
menite, and gernet for the other sample, with the broad beam wire eélectrode
set at a pos1tive -output "voltege of 20,000.volts, a rotor speed of 500 r.p.m.,
en air-gap spacing sufficient to prevent arcing, and a circulating loed ‘of
70 to 80 percent. Examination of the con&uctor and nonconductor fra.ctions
indicated +that the euxenite wal dnrided between both fractions, and repassmg
of each fraction to produce. clee.ner products resulted_ in resplitting the -
euxenite. The conductor and. nonconductor fractions in each test wére passed
across -the -ring, separator at increaszng intensities, a:nd tli'ze euxenite- R
ilmenorutile-rich products vere, tabled to preduce final concentrat s, Chang
ing the-polarity of the, electrode had little effect on the sepwrat _ons'.

.Results of the test in which the magnetite and titamferous magnetite
were -removed before separation showed that a. ;E:Lna.l concentrate ‘could be
mede that had an. analysis of 19.5 percent (Cb, Ta,) O, with an: overall re-
covery of 13,7 percent . The test in which.the ilmengte and, garnet were

-removed before separation produced a final product thaet recovéred’ 10 .1 peri-

cent (Ch, Te)205 , with an -analysis of 25,0 percent (Cb, Ei.‘a)2 g °

After attrition scrubbing and removal of the ‘magnetite, titamferous
megnetite, ilmenite, and garnet by magnetic:separation, the nommgnetic
fraction was: roasted at 700° C. and passed across- the electrostatic. separator
with a setting the same as in the previous test, It was observed by micro-
scopic .examination and the radioactivity of the produ.cts » That. roe.sting had;
by altering the surface, :made the euxenite & conductor to. electroste.tic forces .
The conductor Praction was pessed across the. ring-type separator, at intensi-
ties of 2,5 and 3.5 amperes, A .sample of the product, nonmegnetic at 2.9
amperes and magnetic at 3,5 amperes, Was found to contain 44,55 percent of
the (Cb, Ta)205 with an anslysis of:19.3 percent (Cb, Ta) 05/. This product
Was passed across the laeboratory shaking te:ble to produce k) f:me.l concentrate
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representing 0,63 percent of the o-rigina.l weight, fwith en analysis of:32 2
percent (Cb, Ta)2®5 and an-overall: recovery:of: 32,9 percent; i

Testo~were theh tonducted to determine the optimum -yoasting: tempera.ture
Representative samples were attrition scrubbed, treated by wet megnetic: Sepa. 3
ration: to* remove the magnetite: and-titaniferous magnetite, and then! pasged
across a ring cepara.tor set at 2;8amperec to- -removeithe bulk. of the . ilmenite
and ggmeto -8imilatr nonmagnetic fractions were romsted at 8002 2N 9009, 5-'and
1,0007°C, to determine the‘effects of the various rdasting temperatures:
Boasting at 1, 000° C, modulized the sands, making mechanical separstion im.
poscible. The repaining two samples, which retained their granular form,
were - tree:ted ‘by electrostatic ‘geparation, with the-output voltage:-set &t.’
20,000 vOLtdl ' The conduétor and norconductodr. fractions vere cleaned: onceo
The conductor fractione wers paaoed across the ring-type- separator at’2y5
amperes and 355 BmPeres | The! producto yere sgbmitted ‘for X-ray fluoréscent
analyseso The sample that waé rossted et: 800 :€; produced an ‘cuxenite. - -
ilmenorutile ‘concentrate that -had ax ‘enslysis oL 26.5 percent (Chb, Ta.) 01 E
with an overall recovery of U5:8l:‘percent ‘and reprécented:-1;07 percentS o?
the original weight A Tinel product, representing 1.1l percent of the '
original weight, was' produced"""from the ‘ceniple’ that was rossted at ‘9002 C
which had'a 'analysie of 23k percent (Cb, Ta)i0, ‘with an overall recovery
of hl o9h per : ”nt. and s concentration ‘ratic of: %"{.7 1 0

The rem nin material vas- prepaa'ed for a- final teut on @& :slightly.-
la.rger Beals,” The sample of black oands’ wa. Aattrition ;scrubbed &t 80 per.
cent eolids to remove a slime fraction (1),_ “whicH repreqented 3423 pers
, siample weight. “The “gend fraction was treatéd om.a wet-type ™
magnetic separator %o remove’ the magnetite -and €itaniférous magnetite (2) 5
which was Gonsideréd & finsl product ‘2nd’répresented 43.85- ‘percent of: the
weight, i ining' nonmagnetio fraction ‘was dried ‘axd peesed ‘acrobe e
ring-t;y-pe JIagnetic separator ‘8t 278 ammperes” ‘%o "Femove ‘an’ 11menite-garnet product
(3). The nonmdgnetic fraction From this ‘dtep vad ‘then roasted at 800°-Cy
and treated on & Carpco "high-tension ' separator to produce conductor end
noncoaﬁuetor fractions 0 The fina.l conductor portloﬂ wao further treated. on
a ring-type magnetic separator toremove & ' s6dond garnet-ilmenite product
(%), with the nonmsgnetic material re-tréatéd.at higher intensity.to meke a
final euxenite-ilmenomtile product (5) and o nonnagnetic product.

Those minersls, which reported as nonconductors from the ."high-tengion"
separator, were alco treated on the ring-type magnetic separator to remove
a garmet-ilmenite product (7) &nd a ‘comparatively large nonmmgnetic fréction,
which contained minor gmounts of ‘euxenite end’ ilmenorutile, Rextreating
this nonmegnetic ‘product at higher- dintensity on 'a crossbelt megmetic sepa-
rator removed most of the minerels in' m ‘finsl nonmegnetic product (10).
The final magnetic congentrate Was paesed acrosgs & shaking table to scavenge
the remsining columbium-tentalum-bearing minevsls'(8). -A locked series test
was not conducted,. but 1t ic proposed that the teble concemtrate be returned
%o the roasted mteriel cming 40 the *high-tension" aepamtoro ~

mumbers 1n parem“neaee ToTor 50, pm@to mﬁe I8 operdtion, WAiCH are
ci&ilarly numbered ox flowsheet; fig, 2.
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The euxenlte-ilmenorutile rich product, which wac megnetically sepas-
reted from the conductor fraction, represented 1,12 percemt of the originasl

weight and recovered 47.69 percent of the (Cb, Ta)
ratio of 42.,58:1, with an snalysis of 26,4 percent

0
2((5,1:

at a concentration
» Ta)205, 17.3 per-

cent REO+ThO,, and 3.48 percent U30g. Exemination and grain count shoved
thic product to contein approximately 80 percemt euxenite, 12 percent ilmeno-
The flowsheet for this test is shown in

rutile, and 1 percent columbite.

Pigure 2 and the metallurgical data in table T.

Test redults chowed that the ilmenite comcentrates contained 40 to 50
percent of the combined columbium-tantalum oxides at an enalycis of about
0,60 to 0,7 percent (Cb, Ta)205, Petrographic examination of this product
ghowed that columbite was present, but not in sufficient quantity to account

for the large amount of combined oxides,

Further studies on a handpicked

ilmenite concentrate showed the ilmenite mineral to contain 0,80 percent

Tes05 and 0,32 percent C
ground im the lsboratory
of the combined oxides occurred in the various size fractions,

o

A sample of the ilmenite product was stage
mill %o determine whether any concentration

Analyees

of the products indicated that only & slight concentration of the (Cb, Ta)2,05

ves made in the minus-200-mech fraction.

to warvant the extra treatment.

This concentration was too minor

TABLE 7, - Metallurgical dats from results of tect work
on Bear Valley black-sand concentrate

Distribution,
Weight, Anslyses, percent ~ Units _percent
Product percent Tazo5 Cb05T(Co , Ta J205 [ (Ch, Tal05 (Cv, Ta)205
STimes (DY oo 323 <?.5 0,60
Magnetite (2) ..| 43.85(<2/.,5]<.20
Tlmenitg (3) ...| L44.68 b 20| 0,60 0,26808 43.24
Conductor
Ilmenite (l|') coe 092 < 05 105
Eux-Ilmen (5) ..| 1.12] 2.4p4,0 | 260 .29568 L7 .69
Nonmagnetic (6) JAT1 < 5|23
Nonconductor
Ga'met (7) 00900 022 < -5 102
Table cone. (8) 2k 1,3]9.6 10.9 .026378 L .25
Table tail (9) . 1.3k < .51k
Nonmsgpetic (10) 3.63|] <.5|1.0
100,00
decignated in fig. 2.

I/ Tumbers in parentheses refer to operations 6o
g/ A sample of magnetite was submitted for spectrographic analyses,

Tanta-~

lum wes reported ae not detected and columbium present from 0,01 to
0.1 percent, Owing to difficulty of accurate determinations of ATa205

and Cb,0
0.5 ang ?

in the lesser amounts, snalyses were reported as less than
ess that 0,2 percent,
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Figure 2. - Flowsheet for test work on Bear Yalley black-sand concentrates
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Conclusions

Tests showed that magnetic separetion, combined with gravity con-
centration, was not adequate in. concentrating the euxenite and ilmeno-
rutile from the complex alluvial black sands from the Bear Valley, Idsho,
placer sample, Electrostatic separation was required to obtain sufficient
grade and. recovery of the columbium-tantelum-bearing minerals .

“It was demonstrated that a slightly oxidizing roast at 800°" C, was,
beneficia.l in treating this black-sand sample, Heat treating the mineralc
permitted cleaner aepara.tions by. me.gnetic methods and also changed the sur-
face conductance and mineral response: to an’ electnc field

Owing to the ratio of concentration. required to effect an. appreciable
upgrading - of the : columbium-tantalum-bearing minere:l.ﬂ ’ and also the limited_.;_
smount . of materiel with which to work, it wes not poscible to recycle mid-
dling products to determine ‘accurately reoults and recoveries, that may. be..
obtained on a large-scale » continuous operation.

It mway be concluded that,. although a good recovery of the main
columbium-tantalum-bearing minerals, approximately 8k percent of the
euxenite and .90 percent of the ilmenorutile, could be obtained, the over-
all recovery of ‘the combined oxides (Cb 9 Ta) O was low. This was due
primarily +to the large amount of.-ilmenite present -in the ore, vhich con-
teined 0.60 percent. (Cb, Ta) 0 -and: represented 45 percent of the total
weight, Grinding the ilmeni: %e ‘product.to a minimum size for mechanical
separations did- not appreciably dincreace mineral recovery.

It is believed by the authors that dreatment méthods, other than
phycical, will be required to reoover the reminmg (Cb ) Ta)20 from
this lovw-grade materisl,

Summary

The Baumhoff-Marshall Co, at.Boilse, Ideho, has been treating a placer
deposit at Cascade, Idaho, to recover monazite, The rougher, ilmenite con-
centrate, obtained by gravity and megnetic. procedures, had been observed
to contain minor emounts .of monazite and radiocactive opaque m.meraln .
Owing to the: small amount present, sccurate  determination of the actual
ninerel .content of this product had not been mede, However, bécause of
the interest in columbium-tantalum-bearing minersls, it was. requested ‘that
& sample of the ilmenite: concentrate be treated ac an aid in determining
vhat minerals were present and to what extent they could be concentrated

The high ratio of concentration required made it necessary to treat a
larger amount of material than could be.handled by leboratory equipment.
Therefore arrangements were mede with Porter Brothers Corp. at Boige, Idaho,
to treat a 2,500-pound sample of the ilmenite concentrate from Baumhor?-
Mershall in the pilot plant, The tresiment procedure was to follow the
nethod used for treating the Bear Va.lley black cands.
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A representative portion of each’separéition product was returned to
the Albany laboratory for evaluation,

Procedure and Resultc

The '2 ,500 "pound ‘sample Vés attrition Scrubbed’ in an amalgam ‘barrel ‘at
approximately 80 percent tolids N6 grinding méddui was used ‘and the’ B8lime
fraction, which represented about 1.0 percent of the welght, was removed by
hydraulic classificationo -Theé sands wers ‘driéd et 250° P and cu‘bjected to
lov-intensity magnetz.c separa.tion on & Dings-fixed fagnét ‘roll at a féed
rate of 465 péunds per hour, ‘THe magnetic fraction welghed ‘1T, 5 pcunds ‘and
was considered a finished ‘product,

“The Iow’ intensity nonmagnetic pro&uct was further treated oh en 18-
inch Carpco induced roll ‘séparator; operating &t 1.0 ‘amps With-a 7/3244nch
airigsp spacing “to-remove thé:ilmenite. "Each product was recycled for
cleaning and: the nonmegnetic: ‘Praction, which weighed 322 .5 pounds wao
heated 40 265° F, for treatment by "high-tension" separstion;

The Carpco "h:lgh-tension peparator” was operated ‘on @' pooi‘bive eetting
at 26,000 volts; ucing a béam:type électrode; “The. speed of" ‘the 18.-1nch
rotor was 100 r.p.m; ‘and the feed rate 51,0 pounds per hour; The conductor
and noncon&uctor fractions” were cleaned to -reniove a’ high-grade momzite
product,’ which welghed 14,88 pounds ;' That: portien of material that ‘aoted
as a conductor was essentially :llmenite ;- leds amounts -of garnet and’ mona -
zite, with minor amounts of- quartz ;- ahd’ & mineral ‘that. appeared to ‘be
leucoxene. This conductor portion wac theh pessed across &'Stearns cross:
belt megnetic separator operating at 3. 8 empe vwith a feed rate of 50,0
pounds per hour, Seven magnétic products were removed by this machine; and
in the usual treatment’ proeedure these products are otookpiled for future
re-treatment. The nonmagnetic fraction from the crossbelt separator weighed
only 1,005.0 grems, and although some euxenite was observed; it was preesent
in only minor amounts, Leter petrographic study determined the essential
columbium-bearing mineral in this product to be ilmenorutile,

For further up-grading the nonmagnetic material was hydraulically
cla.scified and treated on g one-quarter deck’ Deigter Overstrowm table,  All
products were recycled to producé a’final table concentrate and table
tailing, “Phe table concentrate would; ‘under the regular treatment: pro-
cedure, be the end product;’ However, owing to:the minor amounts of euxenite
and columbite present, it was deécided to- attempt further concentration by
re-treating ‘the dried table concentrate -on the "high-tension" ceparator..
This treatment produced a conductor product wéighing 239 grams, a omell
middling , which weighed 8.0 grams, and a nopmconductor of 175.0 grame,
which' appeared to contain only minor amounts - -of euxénite,

Detailed analyces are givfen omly for the. significant products; the
great bulk of the ilmenite was removed, and conteined a negligi‘ble portion
of the valuable minerals °

Metallurgicel data of this procedure ars shown in teble 8,
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TABLE:8, - Metau.nrgical dats

— Twenty-five hundred pounds of an 1lmenite concentrete from Cascads,
Idaho, black sands were' tréated in the Porter Brothers pilot plamt by: (1)
geparation of the mmgnetite using a fixed magnetic roll, (2) removel of
ilmenite by treatment omn an induced-roll magnetic separator, (3) separation
of monazite by "high-tension" treatment, (4) rejection of remmining ilmenite
by use of a crossbelt magnetic separator, (5) removal of leucoxene pseudo-
porph and other light minerels by subjection to hydraulic classification and
tabling, and (6) separating monazite and leucoxene from the table concentrate
by final "high-tension treatment" to produce (7) fimal columbium-bearing
concentrate and (8) middling.

Welight,| Analyses, percent
Product percent [Cb205[Ta305 [REO+Th | U Mineral Percent

Final columbium con- e

cemtrate (7)1/ ......[0.021 |26.0 |10.0 | 0,60 |1.1)Tlmenorutile. 55 .0
Euxenite. 15.0
Columbite. 10,0
Monazite, 1.0

Final "high-tension"

nonconductor (6) ....| 015 | 1.4 | . 74{45.2 | .5|Monazite. 70.0
Euxenite, 3.0
Ilmenorutile.| Trace
Columbite. Do.

Leucoxene, Remainder
Teble tailing (5) ....| .050 1.5 92! .52 | ,5|Ilmenorutile, 5,0
Monazite,

. Buxenite.

l Columbite.,

Final "high-tension" !
riddling (8) sovoeses| .0007 Amount too small to Euxenite.
assay Monazite.
Columbite,
Ilmenorutile,
Allanite,
Leucoxene,

1/ 042 pounds of this product per ton of original feed,

=N
» 5 o @

o NoNoNeNeoNe)

OCOMKHFIIO Lol )

N N

Conclusions

Treatment of the ilmenite concentrate obtained from the Cascade, Idaho,
black sands by the Porter Bros, plant procedure indicated that approximately
0,42 pounds of a columbium-bearing product per ton of the rougher ilmenite
concentrate can be recovered from this material, This final columbium-bearing
Product assayed 26.0 percent CbpOs, 10.0 percent Tay,0s, 1.1 percent U, and
less than 0.5 percent Th, Part of the euxenite was rgcovered as & middling
from the final high-tension separation. This middling product weighed only
8.0 grams and by quantative petrographic analysis contained approximately 20
Percent each of euxenite, monazite, allanite, and leucoxense.
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It wvas noted that the smmller laboratory-scale-equipment does not: k
give as good results on the low-grad.e black sand as the larger equipment g
cuch a8 'is used by Porter Brotherc. plant at Boise;. Idaho. iThis 15: parbicuj
larly true of, the, magnetic separatiom and especially of the crossbelt mag ,.
netic: separators. -The; Jdarger equipment reducea the. pmportion of n'aterial i
mechanically. : carried over, and .appearg;. at some stageo » to.give. cleaner h
ceparations;

s it i i

~

Int. - Bu, of Mines, Pgh., Pa, 6467



	RI-5105_Page_01
	RI-5105_Page_02
	RI-5105_Page_04
	RI-5105_Page_05
	RI-5105_Page_06
	RI-5105_Page_07
	RI-5105_Page_08
	RI-5105_Page_09
	RI-5105_Page_10
	RI-5105_Page_11
	RI-5105_Page_12
	RI-5105_Page_13
	RI-5105_Page_14
	RI-5105_Page_15
	RI-5105_Page_16
	RI-5105_Page_17
	RI-5105_Page_18
	RI-5105_Page_19
	RI-5105_Page_20

