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INTRODUCTION 

This presentation covers the r~sults· ··of laboratory studies conducted 
by the Bureau of Mines }!line;ra.l.,.Dressi~.Se:ction, Northw:~st Electrodevelop­
m.ent Laboratory, Albany, Oreg., on alluvial sands from Dismal Swamp, Bear 
Valley, and Cescade, Idaho.. · 

... ., . 
The search for radioactive mine!1Us. has. ~e.d t.o. t:tle l,"ee~mination of 

alluvial deposits; in the :process of_. :this re(3.pp;re..;is~ ;tlle f:r:equent presence 
of minerals bearing columbium a:n.d./or tan.t~l:u~ ~~s no~_eA.. _ B.~~ause of in­
creased demand for these metals by the. 5i~f.ens(3 · lJld.us.trie~ .. anQ. because these 
industries depeD.d ·:upon foreign sourc.es .. fP~- the.ir_· suw!Y: the domestic allu­
vial black sari~·:are:-be.i_ng consi~ered."!3-s. ~- PPP~~ole Q.pmestiq __ : source. How­
ever, utilization of the_se alluvial, dep.osits, ~-$pep~ 'JlJ?OP development of 
methode of concentrating t.l:l~se val.uabl~ .. :mi~~~~ ~ -

TJ:l.~:pri~ry,_~bjec~iy~ c;)i' __ the_.f~~.-~o_rk w~~ ~he stu~y of the e:f'f_ect of 
attr~~ion scrii.bbihg, s~z~ilg-~ .m;tgpetic, ·_elec~;ro;,ta;ti~, and gravity separa­
tion as meth:Sds -~ for concentrating. 'arid re·cov~ri:bg tlie ·columbium 'tirid tantalum~ 
beari~ _. &,uie~~s, ·. ~~ipaf~-}tit~; ~--~~~ii~ ~~ :; : ~l~n6I1itile, and c~lumbi ~e Q • • 

'· ,. ·.· . , .•. ·' .· ...... . 

nJ:s!Yr.Ai ·-:swAMP 
s· .. 
~ry 

• , , ,:• ~ '] • ; ) , ·, . I • ! I , , ' , 

Labbra~ory t~st wprk w~s cond~Qted on· a ~ample _9f col~bite-bearing 
black .. san<f cqncentrat~? f~Opl ;.l).i~uia1' ~wamp ,-·-Elmore- C01Jhty I 'idaho' with the 
object of •I>'r6duciilg, by. phys'.ical' methoa~ ,,-·:c:olUmbite ·and' other valuable·· 
mineral concentrates • 

·Laboratory, .t.ests ini3,;i.9a:ted. t~t ~- hi si~-i~ and lna.g~et~c _separation, 

~:h~-~z~~~~~r~!e!~~~P~7- ~~;.>~~tc~~~~~r~:h~~~~i;~i~ !~~h c~:~!~:~~~~ 1s 
of 60.0 percent Cb2o5 and 6.0 percent Ta205~ ···'- · ' 

Additional magnetic separations recovered 3o07 pe~cent (Cb, Ta)2o5 
in a samarskite concentrate that represented 6.14 percent of the w~igh~ 
and lla.d an 8II_a,lysi~. of 23 .. o p~r<?.ent C?-2.()5 ~n~ 2.3 percent Ta2o5 a 

Beneficiatiqri. ()f the Disnia~ S:warap Black Sands 

Nature of Ore 
. ~ : 

This sample of colfun'bite -'black· sand was submitted by Mr. 0. ·Eo 
Pothier, l,Ilining enginee_r for the J '? R. · s fUII)~ot Co~; Continental Bank 
BuilCI.ing, B~~se?. Ida}lo .-
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Bepresentative portiODS ot the head sample was prepa.xed and submitted "1:: 

for chemical and !3pectogre.phic analyses, with the results as shown in , 

tables l and 2 • TAllLE 1, - Chemical a.nal;vses ~ 
-~ 
~ 

TABLE'' ,2·~· ~ ,, Spectrc>graphic aha.1~·_es' 
.:.;;··'" r ~ .. ,, 

Constituent 

~~ :, 
i F'o-,---c-b--.-.~ ••••••••••••• ;;:-­

_.Ta:,'··si:.-, ... ~. o, ...... .-..... o ~ .- • ., .. o. 

'Mlli Z'rp. Ti" .:.,.,.,,..~-~". •'~ o. •. ,. 
Al e o·•·o ·-·:·e ~ e ei a e CJ 0 • o;e • e • ~: o Q 

Sn, Ca, Mg'p:'Mo 
Be, Cu·. ' .. -.-o., .,n·o.; .-~ • .-~~· o o ~ <.' '· 
La;, Yj Nd .,.,·;..,;'l.$ai'!Oeii:Oo:•• 

TCb6~005 ., o • • • 8 1.-i .-. • ~ ... ~ e a·e • ., •. 

....... .- .·.:~ o.- ~ ~--. • • • •'·'~ ~» <; f'"· 

ver . 
·5· to".lO 
1 to-5 
0~1-to 1 
o·~Ol to· 0.1 
.0 .. 001 to· o ~ool 
~~rca ted 

4~6! 
l tit~tive x~ray fluorescent ana ysis. 

:A. .. iePfesentaiiv;~_sa~l~ Q~-:~b.tsan~-~~~--r~*amin¢a.:j,n tl:t~ _petrog~~c · .. 
lEJ.b!J:ra,tory- and was r~pc:>rt!e4 to co~t!=L;i.n ~ssentieJJ..y colwn.b.ite1 some quartz 
and feldsp~I;', "less garnet and ~Ilaz:t.te,· an..~ relatiye~y ·s~l amount's of' . 
the following "minerals: ·'rlmeul.te, altered zircon, 6a;ssiterlie, ser:l.citel 
less topaz, rutile 1 xenotime 1 and oc~~edrite. 

The sample also contains a small amount of black radioactive material, 
a part of which is samara kite.. The remainder of this material bas been 
identif.i~d as f~riSUsqni ~e ,_ ~qcor4il.?e;. to P.a.Ila '. ~ T~x.;tpook Qf ~~e~logy .. 
essentially a met~QOlUf(ib~te _( a~d,· tant~~te) Of yttrium W"it~ erbium, cer:i,um1 

and uranitimo x ... ray anaiyses. 0~ ~- pui~f .. ~9ncentrat'e of thij recrystallized 
material confirmed the identification.,· · · · .:: :>· 

~~ 
..:~ 

s.~udies and. ,analyses. of a pu~ .oone~~ra1:;e of the eJ,. tere_d z~roon :Lndi­
cate that it can .be classed ae the··va.riety cyrtoiite o Examination further 
showed. that the mine~l, contains- '2.5 :P.e~ce:tit \ll'8.ni1,lm· and 5.5 percent thorium 
and had ·a .l!f x ·100 ·ratio of 4 ~6., . · ., ··· 

Zr+Hf 

ExperimE3nt~-- Pro.ce~r.e-r 

Representative samples of the colUmbite-bearing sands were sized on 
e. 28-mesh screen ~~ ... -poth the oversize and_ .undersize w~~e sep~re.tely sub­
jected to magnetic separations on the Steams ·· rillg-type number 0 magnetic 
separator set at l/4-inch air-gap spacinge 

The i~I41ie. -(l)~/ ~d sqme -~~ th~ .. ga;n1et .-were, remt;)v~d fl,t au intensity 
of 1 o2 aDi:pek1Je~ • A, .olea~ ,ge.~et .oo~ent~te ( 2). WB.S, -~!119.~ed. at 2 ~2- ~e+eS • 
Although all of the garnet was not susceptible~ :tncreaer~ the iiltensity t~ 
completely separate the garnet resulted. in attracting more columbite thfm 

!Y Numbers in parentheeearetertO 'Opeiitiona so designated-on f'lowsheet, 
figo lo 
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garnet; this would appreciably lower the recovery of (Cb 1 Ta)205. A setting 
of 3.2 amperes on the ring-type separator uas not enough to completely remove 
·~he columbi te ( 3} • 'l'here:f'ore, it was necessary to pass the remaining non­
magnetic fraction across the Stearne-Wetherill crossbelt type R number 1-B 
magnetic separator set at l/4-inch air-ga~ spacing and 3.0 amperes for com­
plete recovery of the columbite (3). High-grade samarskite concentrates (4) 
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 (5) from the noniiBg:netic quartz, feldspar, and zircon. The nonmag­
netic prod:..:o.·~ts were also observed to cont~in cassiterite, topaz, rutile, 
xenotime, and oc-t;ahedrite. The nonmagnetic fractions were hydraulically 
classified, a:.1d the sized fractions were separately passed across the Deister­
overstrom one-quarter deck shaking table to produce a zircon-cassiterite con­
centrate B.j.1.d a quartz-feldspar tailing (7).. Similar magnetic and gravity 
products were combined and submitted for quantitative X-ray fluorescent and 
chemical analyses. 

Metallurgical data for this test work e.re shown in table 3 and a flow­
sheet in figure 1. 

TA:BLE 3. - Metallurgical data from sizing, magnetic separation, and 
tabling of Dismal S1o1ainp coluiDbite-bearing 
--~Tack-sand concentiate- ----··---

·-· ~----------·--r-"1w;";"e:i.ght, AiiSIYSTB;percent istribution;-:percent 
Product 

Ilmenite ·TrJ"T/-
percent Cb2o5 Tael05 Cb2o5 Ta2o5 

5"~1'"""2:--1'----..,2 • o <:-r.....,..o.---t--
Garnet (2) ·-
Columbite ( 3) 
Samarskite (4j(/ 
Monazite (51~/­
Zircon (6) ~ 
Quartz and feldspar (7) 

3. 70 1. 7 < 1.0 
67.47 6o.o 6.o 
6.14 23.0 2.3 
3.49 1.4 <"1.0 
5 .58 < .5 < 1.0 
8.50 < .5 <1.0 

88.00 
3.07 

. 100.00 46 .. 0 4.6 ! 
---- --- -~__.. --- ----- -~- ·- . .L ·--~ ----

',ssay head 

88.00 
3.07 

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

;11 Also analyzes 2 .25 percent uranium. 
J Also analyzes 50~8 percent BEO+Th. 
~~ Also analyzes 6.37 percent tin, and 59.3 percent ZrO in which the 

Hf x 100 ratio is 4.6. 
Hf+Zr 

Conclusions 

The columbite and samarskite present in the alluvial black sands from 
Dismal Swamp, .Idaho, were readily concentrated by sizing, gra._vity, and mag­
netic separation. As much as 88.0 percent of the columbium was recovered in 
e. columbite concentrate with an amlysis of 66 uO percent (Cb, Ta)205. Appre­
Ciable quanti ties of' sa.na.rski te, monazite, and zircon concentrates pro_duced 
also would be valuable byproducts in the economic consideration of this black­
sand sample • 



-~·+ ,, . t 
!r: + + 

U1~''"· Overr 
.,,~Eath product tCi, separ:~~ rin~i~type· magnet-it separat~rs ('t2 a·mper~sr r .· .. · ······.······ .·· . . .. ' . r ' .. 

:.iimen·i~a '~oriceritrate oT: Norimagn'etic fr'~ction 

R ing·type magnetic J~!D'a.t.,.. s (2.2 O!'lP•fes)" •·"·' 

Nontagnetic , Gar~::~;~~jcentrat~ :{2) 

... :. ~ ·, 
Ring~ty~- mag!1~~:iC::>_~par~tors (3;~ amperes) 

Noiimagneti~ 

··--CrossiJelt-t;te magn~tic sep~rators (3~0 amperes) I . . . . J . 
Nonmagnetic :Columbite concentrate (~) 

Cr b I : f (3 a· · > . oss e t separators • amperes 
~ . 1 

Samarskite f 
concr~~tra~~ -(4): NoJ"!m~gn~t ic 

. ~ ·. ' 

Crossbelt separators (4.2 amperes). 

''Monazite toncentiate (5} Nonmalnetic 

HydrauliJclass ifier 

. ·'· + 
Tabling of. separate classifier products 

+ ·,::l 
Zircon·and cassiterite (6) Quartz a~d felefspar (7) 

Figure 1. • Test flowsheet for Dismal Swamp black-sand concentrate. 
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BEAJ1 :V'A.LLEY: 

Summary 

-_.T}le ~~ar-.V~Uey:-pla~er. .. <l~Pc.>~i'f;.li? ~v~ be~~ es-:fj~~t.e.Cl. ~ro~ .. 4-Pi*~ipg; 
tests._~to::,_CQ~t~~p. e'!ll;>~-~~;p.ti~l q~t1.ti~~ o~ ewc~~~~e •:: }vli~us-~p-~iiJ.e,~h. ~.i'ayity. 
concentrated black sands from these plac;Elr d¢P9!3~ts ·.~e;r~ .:fj~s'ti~~lA~: the 
laboratory c The original gravel had ·been jigged and tabled to produce a 
heavy black-sand fraction free ;r;r~m.·l,~g~~ s.and ang f!~imes. 

The Bear Valley black sands are a complex mixture of many minerals 
having closely r$1.~t~d 'magneti~ ·susceptibi~-ities 1 ~.s,p·ecific<gra,vity, and 
electrostatic or high;-.terision~.:coil;ductiy;I.ty. ~n gepera.l 1 e:}.~·c.~rostatic 
separation makes--use-'of. a process employi~ a char.ged.field:·'with little 
or no current flow and 1,1tiJ,.iz_es tl}.<? at,~~ct:f:.?~ of paJ;t:i,q:I:.,es of one charge 
toward an electrode of the ·apposite_ charge_."-· High;.:.tensi6n separation, on 
the other hand, utilizes -a·: yery ~igl;t rate of' .. electrical..discharge, with 
electron flow and gase0tis -io~~·zat'tpn .. playing ·g.:'~jof.::PB.·rt. The minerals 
receive a spray discharge or··.etl,~e¢~tj;'~city.J ·which·gives'·tilem a high surface 
charge attracting them to a g:j:'q@ded' spil'lni.ng :rotor; ~ ·rr·lj:~· particles with 
a relatively high conductiv~tyj-Till readily' leak·.o:t:f<this- charge to the 
grounded rotor and be th:r;owri fi-qm .t.he roto:r ~ .. Th~se p:art'icles of a rela­
tively low conductivity, wiil b~ 'at~i'acted aild.":Pinnecf·to'~t_he rotor. Sep­
arations of this type wi1:L·b'e. i-efet.:l:ed to _in this· report :as high-tension 
separation. · .·.c · • · : '' • ''· ., 

About 85 percent of the :.coiulnb:ium..;;tantal'Um"":b~~T::i,.n~r:,¢nerals can be 
recovered, but· a spectrographic analysis·· of<hai;td.p.i.cked irmenite grains 
shov7ed the ilmenite mineral to contain 0.80 "percent' Tae05 .and 0.32 per­
ce~t :(j:p'??.5.e,·':':'()w_i~'-to _-this-·.~on<;itio:~r, .·40 to __ ;~O-:per~e?"t· qf' __ t:P,e, c_<.;n:~~q+.D~d 
o:ndes .are ·'l0St '·m. th~ il:men;i:t_el<=wh:Lc~.:conta:ms·:a'Qout;0,.60 :p·~rg~;nt (q)?,~ ,._ 
Ta)_2o5 • 

:T_est w'o'i~'--'de:oidnstrated ,thB.t.attrition ... sc~bbJ;og.1: :tq~stil;lg, 'ariq._mag-, 
netic and high-tension ·separation "'ere effectivE)· metl).qds '· ~ _.~O!lC?e~t .. rat~~­
the euxenite, ilmenorutila, and columbite minerals. Preconditioning the 
scrubb'ei'd·<concent:rates· --with. HCl··and 'benzoic: ~ci4 cha,:pgEld- the mine.~ f?Ur-
fac es' '~l;td ~m:tne_ral ·response to. -an· .. electric field~- :'l\he· .. :~ll:ilCe~i.te ;:~~ ,:;U:m~_no...­
rutile then acted as conductors during high-tension,:st?:para.tion.. ~ea~"- . 
treating this material produced the same results, and also had a pronounced 
effect on many of the minerals by increasing· their magnetic ·.susce:ptibili­
tit?~o _It was demonstrated that roasting:the materiai, following removal 
of· the mgrt~tite-~ titanif.eraus· magnetite:$. ilmenite·1 .. a:nd_.gar,ne-:t:; w~s of· 
d$fini te 'b¢'IJ.ef~ t in. -<?bta:Lning cleaner . II!Eignetie separa:t;ions with. highe~ ~ 
recovery ... Boasting; of· this :smali.fract:t:ori~ 'repr~senti:ng·about 9··perqen:t 
of the original weight of the heavy .sands., resulte~ in ~·product; :con- · 
centrated by -.gnetic anq high-tension separation ·methodS~- 'with ·an amly.:. 
sis· of"26~4 p·ercent (Cb, Ta)2o5 , 3.48 perc~nt u3o8 , 17.3-:percen~ ~~+T:g,og, 
and an overall recovery of 47 o69 percent 1 that represented 1.12 percent 
of the original weight. r. 
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~eticiation of Bea:~<vaUey Black Sands. 

Nature of Ore 

. The samp;J._~,was ~t;binit~ed bJr: Mr .. -R~ lh•Storch,. lhiD:J'IJg engineer., Bureau 
ot·.~:D.es, Region·II~~ .R'epresent~~ive portions'were prepared and--submitted·:.-· 
for the anaiyses·'showri. "in:•-faples' 4 ··and 5. r ;-,_._,_, •. , 

/':• ;: . . . : 

,'#L~G:J ;~~5: 1 ~:~"1~ 
·14.BU:'.-:5·., ~· -~p_ecii-rog~ph~c a~Yti?i_~ 

-~,,. • ~ • ~ o o o ••• o .. o ... ." ..... 6 .. ... . er : .. 
N91).~ .. ~--~ .o ..... ~ : .. ~ .o· o ~-. ~ e~ ~ 5. t~ . :i;O 
S_i,,T:i. :~.;~ .• ~.~o~.Q~_, .. i',~q 5 

:--~~ u;.:O·b oeuoo.~eo:a• O~+"to 1_ 
. qa ~- .:c~~ . ·z::r P Th o., ~·" ~- ~- _() .. 01 to ·o .,1 

~26;:·: ::·;::: :·:::::::: g :~f7i/~q o.~.ol 
Ta205 ooooeoooooeoeoo Do5! 

1/ Q\iantative X-ray .. fiuorescent-· -
-· aM].ysiso 

. ' 
' :} ~; ".;,,j 

A rep~·sentat'iye sample of the ore was -;exalliin~cl in the .P~"tirog~p~~·,xv 
laboratory-and was ~found- to ··contafn ·magnetite» ti~Jl.if'~rous ~~tite.Jl "'c•?'_;··' 
some ilmenite, garnet~ sphene 1 quartz, feldspar~ small amounts of euxen~t~ ,~ 
hornblend~ 1 allanite, biotite, epidote, limonite.~' hematite~ sericite~ 
ilmencirut:f;le~ and veey smlVamounts 'of ,monazite, colu1Jlbite,. spi~el~. rutile, 
zirco~.l' octa!iedrite, and :pyrite<i 

Haitd.pick:ed concentrates of .the tantaltim-solumb'ium-bee.~ing ~E;ln;l.S '·· 
wete···su'bmitted "for quantative X-my spectrographic E!-llBlYs~s "· T}le r~s:uJ.~.I;l 
of these·'B..nalyses are shown in.table 6e · 

: ~ . 

Euxenite ~ :';':·~ · 
Columbite • o .. o 

!~<?rutile. o 

Ilmenit'? .o., o o o. 

TABLE 6 c - X-ray spectrographic ,ana.lYfleS 



Ditaeussion of Procedure 
----~ . 

The testa have been directed toward beneficiating the ·ra.dioa.ctive· 
bl&Ck sands With Studies to determine the effects Of scrubbing, eising 1 

and IDaglletia: and.- electrostatic separation on,.roasted and ·unroaeted• llrl.n­
eral61:. the principle ·aim being COllC~ntra.tion of euxenite 1 ilmenorutU·e, 
columbite, and momziteo Studies were ·made. also to···determ:i..ne' the _optimum 
·roasting temperature; .. output voltqe~ --and:polarity of the el:ectrostatic 
seye.ra.tor for separation of these minerals o · 

7 

E_xamina.tion of the black ·aa.nda showed. that· o:o:J.y ·trace amounts .of oolum­
bite and monazite ·.were present and·evalua.tion. of the· con:c·entratiori of, these 
minerals ·woul.d: be difficult 'beoa.~e of -the ·limite'd amount of black sands ·and 
the small-scale equipment available for test work~ - · 

.:Mic-roscopic identification of:. :the several d6lumbium.;;tantalum. bearing 
·mine.rala i-s difficult even 'for·the ·.trained p~trographer9 • and> isL accurate 
only•/Wit~ :the. petrographic microscope;· therefore 1 .. in aJ.l·:.teEt, work:.the 
Tracerlab, 64 . s.caler ··Ge;tger counter ,w~o. used~ to. trace , the- path . of·: the 
highly t:adioa.ctiye mineral euxenite o .. Ilmenorutile.i esoentially· nonradio­
actives havirlg oimilar magnetic ·and high:.t~nsion-,.propertieo.,- wan concen­
trated with the euxenite. It was observed that, by ·correlatiOii between 
the (Cb, Ta)2o5 anaJ.yois and radioactivity. of· the·.tantalw:n-columbium-. 
bearing m:i.nel'alsj a ·reasonabJ.7 accurate: eotimate could be· made·· of i:he 
combined o~id.es content of any· particular magnetic product., 

Proc~dure. ·.and ·.Results 

Microscopic,·examination. of the 'black oands ollowed•surtace oxidation~ 
and many of the mineral. surfa:cea were iron stained~ Thio co~i-c;lera.bly 
altered the. magnetio-.properti.es of the minerals~ :·and,·airl,~e electrootatic .. 
separation ·of the minerals iiS, principally a surface :phenomenal' it was·· found 
necessary to clean the mineral. ourfaces ·before f'urther·treatmento ~T-he Wemc.o 
attrition.:•cecrubb~.r operat~d at ·80 ·percent solids. wao used to:'clean the min.., 
eral surface .. as- .a ._preliminary -st.ep in all teat we>rk. 

;,Since em.miila.tien of the black ~,anda .. showed they ·contain .essentially 
mifle.tite;, titairlferoris~:magnetite, and ilmenite, :the· Davis tube or the· 
Stearne wet_.type Dl!!gnei'io Deparatoro were. ·l!Sed to ·remove the magnetite 
and ti taniferouo . magneti ~e lfrom the minerals of lower. oognetic eua:ceptibUityo 

To .determin~ .tne.•ratto -of concent:ra~ion, obt~i-ned by< magnetic sepa.ra.tioni 
representative- ·saimpleo. of the Bear· Valley sandS. -were attrition. ·scrubbed •and 
~etite and titaniferouo magnetite were separated from the remaining min­
eraJ:o·o The': nommgnetio fraction. was sized on 28- and 48-mesh- screen~' and 
separate sized tractionn w~re pasDed acroas the Stear.ha ring-type number 0 
magnetic separator,. with the air.-gap spacing set at_ 3/8 inch, at increasixlg 
inte:neitiea. from l,l to .3c.5 (:UI!peres o The nonma.gnetic .. f:mctioni3• f:rom the 
ring separator ~ere: paooed. ~erose the. Stearna Wetherill ·croaebelt -type .B 
number 1-B. magnetic. aep~~t~r .set at 3/8.-i:Mh air-gap epacixlg" and 4,0 
all!Peres o Similar ma.grietic products for each size fraction>were combined apd 
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submitted for X-ray fluorescent analyses,. The combined c,oncentra.teo ha4:-:an 
analysis of 4a55 percent (Cb, Ta)2o5 ~ with an overall recovery of 30.01 per­
cent and a concentration ratio of 7o34:lo 

Comp&r.tson tests-using heat treatment ori the>s:mall weight tractiQn 
relllfl.i.nillg after-:remow.1. of the magnetite_JI titar.tiferouo ~etite, ilnle~ite; 
and garnet» by magnetic aeparation demonstrated that an increase in --re~:,> __ 
covery and ael·ectivity was obtained during. magnetic aeparation when ~ast.-.::· 
ing. was employedo · 

A representative. sample Of the ·.·black sands waa· treated, by .removing'. 
--~he magnetite and _t:i;taniferoua nagnetite by wet magne_tic aep.aration and, 
the bulk of the Umenite· and gamet.-by a ring-t:y:pe. ·me._(k1letic separatoro.·:~_': 

The final nonmagnetic fraction from thia procedure was given an oxidiz­
ing .roast for· 2 hours at' 800° C. in an electrically heated muffle furDB.ce-. 
It ,is doubtfUl if-this roast· wou1d ·re.quire 2 hoursJ. but time and material 
did not perird t-an inveotigation of this test variable., The roasted proquQ·t; 
was then cized on--28- and .48-mesh. screens~ and the separate· size fractibtw-. 
were passed acl'OtH> the ring separator set at 3/8 ... inch air-gap spacinrr and 
2 o8 amperes to remove the remaining ilmenite and garnet I> 

After ·rOa.stiDg-,f the ilmenite could be removed at a lower intensity:,. 
thus having l-ittle .-effect on the columbium-tantalum-bearing minerals·., tT~io 
reaulted in a cleaner separation at increased recoveryG The nonmagnet:ici' 
fractions were repaaaed at 3 o4- amperes to separate the euxenite, ilmeno..: 
rutile 9 epidote, and a.llani te from the minerals of lower ausceptibili t:~~~ _ 

The combined euxenite-oilmenorutile rich product ~d an- analysis of,. 
'4ol2percent (Cb, Ta)2o15 , with a·recovery of about 50o0 percent .. In ran· 
ra.ttempt.i.t.o f'Urther upgrade this material it was passed across the Deiister­
Overstrom one-qUa.rter·;deqk shaking table to produce .a :rougher concent-rate. 
Each product was submitted for x .. ray fluorescent allBJ.yses a The conib~~d 
t~ble concentrateG bad ari ~lysec, of 9o6 percent (C~, Ta)2o5 with ap:<.over­
all. recovery of 15o33- ·-percent.at a concentration ~t;_o _of I5 ... 3:l .. 

The 'minerals in this black-sand sample were .oboerved_ to ba"'l:e. the;approxi~ 
mate order of decreasing ~tic suscept_ibil~ty·as foll<>~Q:- ~netite.1 ti_­
taniferoud magnetite, -Umenite, -columbiteJl garnet,!) epidote\;» ilmenofutil~,p 
.euxenite", all.anite, ·hornblende~ biotite, aerici:teJ! sphene, mona.zi:te 1 ~4-

. pyrlte~·i·with spinel, octahedrite, rutile.ll zircon, quartz, and feldspar bEdllg 
· nomr.egnetic at th~- intenoit~IQ~ uaedo Hematite. and limonite p~uedomorpbo 
wer~ ,observed in all of the -higher .intensity D:!fl.gnetic fractions o 

It was noted -that ·the smaU a.inount of .columbite precent in this aampie 
was nusceptible at the highest intenoitiea .required for complete removal 
of the ilmenite o After roa.ating the material the intenaities required.' for. 
complete removal of ilmenite and .garnet wer-e lowered<» Examination of the.oe 
mac;netic producto showed that col'umbi~e was not affected ~s- ~ r.'b-Y -:roaotillg 
as the ilmenite and garnet; therefore,·· columbite :reported in the high ~a-met 
fractiono 
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s inQe the eolumb i te: and· 1~ni te .. bo.:th. aet •· aa·_. eon(iuctors.,. whEn;-~~ .,,:t;h~ ... ,. 
garnet is a noncoP,ductor.," ·it ··was.a4vante.geei1s'/to ·collect· t)J.e cQluirib.ite_ .. v.i:tP.· 
the garnet. Thiq -would p~rmit a separation of the eolumb1te from the garnet 
bY e:J;ectrostatic· methods •. 

:·Results·:of' ·the test· wgrk showed.- that~ magnetic ·separa.tion':a~~-·~a~l:ing: .0-/ 
this c~DIIJlex o~e ·we~,. not· ~deqtiate inip~duej.Dg a :h1gli~g~~~ .. (Cb./~:-~f!L)2o11 _,;: 

. pro~ct eomme~u~te :w1 th good ·recovery.j b~eaus.e the ~lose;rie~~ Q:f · ~et:f:,c 
susceptibility and specific gravity prohibited:·Cles.J;l se~~tic;>~ ~f ~· ·· 
IJiine:;ra.l:;J •. : 

... . ·.: 

.After .. ac~bbi·ng. and· remo;~l of ma~t~te and titaniferQus ~gned.te, 
el,ectrostat-ic.,.separations."were. ne.de;:vith,·.tb~ br~q.'_'b~in-,iarge,,d:ia~~~; 
elect ;rode ... at: 10,000 .. vol.~s-, a. :·roto·r spe~d o.f.)~_o. r~:p .Ill~ 1 -~ .a,.~i~gap .. ~:P'ite~~ 
of ~ufticient distance 'to, prevent arcing :'Q~t\T~~n elect~o,q.e S;tld.. rot9r;· 'and 
the output"_electrodeceitb.~'r pQ·sftiy_e ;or .. --~~g~~iv~i _:·The :s~:P~mt:tons·'·cir "· 
eu-Xe~i te j i~M~l}Orutfle ).i ~.Ol.Ulnb:{_ te 1 .. ~nd ~:l,lm.~;ni t~ 1 ;:rX9m. ~p:id9ie ;; · gai:X;te~ 1 

Sphell;~;' ~nd q~rt·z .iwere c:not' .~1,lCC~~I3~---~ ·th~S~ · t_est.S -~ . . . ... . . . . .. 

. . Sepa~tiq~· .:wer.e: :DB.J.~ ()J+ :_repre,~,entat;;v~ .. ~~m:Pi.e~; o;·. tq9.:_.~~~~* ;.~~li~ ;· 
aftez: ~qruQ.b:t:ng ~nd ;remo"'?:ll;lft. ~gn~t~:~~ :a~q ~i'tj.~fyrous ~gz?.,et:tte ·_.for'·]. 
sample and scrubbing ~4 .. t~m6vi_ng::lll(igi?.e.~i~e, 11 -;t1,:~fer.ous:.:~$.~+.~·a:,. il­
menite, .~n?- garnet. for the other sample, with the broad beain wire electrode 
set at . ~ .pof!i.ti ve :·:OUtput,:·yo_l tag~. ():r 2Q..,.000~:~-91 t~ ~: ~-. ro,tcrr. sp_ee9; .. 0~ 509, t".·P .m. I 
an a,ir-g~p sp~cing _su;-t~Q~~ni; to,· px:.e,ve.n.~- a;rc~~~ a~d .. a. _c+rc~~tln€f:lo~.d ·'of 
70 to .80 percent. Examination .. of' the conductor 'and .nonconduc't·or :fra(ftions· 
indicat~d ;tbat th~ .. eui.~lq:~e . W.~.~- ~~~~~-~· ,h~i~:~en .both ·:r~~~io~~~-:-~~ ·. r~assin;g 
of e~c.h fractio~- to prq9:gce ... :cl,~~.r : .. P~e>,dl;l~t~. :r~.~Ul. t~,cl:' .in ·resii.;Li ~~-~~-~_lie... ... : '-· 
euxenite·. The.. conductor and.-noneonductor· fractions ·:rn each test ·were passed· 
across' .t~~ .-~i~-- f!.~~i~:t~~. at -in~~~S..i~--;~nt~#si~~es ~· . .'rm~.:~~~ :~-~~#~~+~e~; ·: .. :; . ' 
ilmeno:rtl:t·l.le.,. ~l.Ch p:roQ.u,cts V~re !.tabl~.d .,;~0 P,r<?:,dV:Ce ~l.~ ·?,onc~~~f~·~,~~ !. , ':pha~-
ing the -polarity -of. the, ~lec~:rode,, had .li-ttl~ ;effect .pn tl).~ .. s~p~~:tio~ ,~·. · 

:, .. ~esulta, pf .·the .. tes.t- ·in "Wb.i~:~. ~n~'. ~~~~~i~e. ~~d ti ta~-~-f~:;~~~:.: ~g;:ti~'e 
,)'Te~e ·.remove.d. bef.ore .·sepa;ra.t.iC;,n s}1o"t-T~d ~~t a .. f·in'B.l. ~onc~ntra~e. 'c.o..W.d_ ~e 
mde that ·nad .an· analyS,j.s· qf 19,.5 pe~~nt. (qb.;. 'r~)2o ». :w+;th. .. an>pve]:ial_l :_re·­
covery of 13e7 perc.ent:.: ··The t~st :l,;n wh~ch:t;h.e ·il~p.~te. alia··ga,m~t· 'we~· 

. .remo:ved before separation. produced a r:izial product that recovered -~b';1 .. pe'r2. .. 
cent (C:P.; Ta)2o5,·:with.an·atlalysis c;l'f'.!25.0_perc~~t (~:b, ~a) 2o5 o 

After a:ttri:tion· scrubping and remova,l t:)f ·:the -~gnetite, t:i.~·i.~e·ro~ 
magnetite, ilmenite, iand garnet by magn~~~c·:-separe.,tionj) the.'nonma.gn"etic · 
f:ract¥on ~as:, roasted at· :rooo .. C • ~d ·passed across· the .e1ectr6st·a~ic- ~eparator 
w_ith a sett'ing the same as i'n the p:revious tea~.- It' was obsepr~a··by ·micro::. 
scopic :examination and.the radi.c>activi"ty of t~e ·p.ro,du.ct~, that. roas~ing had,i 
by altering 'l;;he .. surface, ,md~ the eux~nite-~a.. con4uetor 'to ~lectroste~.:tic :forces. 
The conductor fraction was p9.E1se~ across the. ring-tyPe separatoz: !3-t intensi..; 
ties of 2 o5 and 3.5 amperes.. A .. sa.mpl~ ·Of :tl'i.e: product, noX:i:Inagnetic ·at· '2 .. 5 
amperes· and magnetic ~t 3,5 amperes, vas found to ·contain 44.o55 pe.rcent of· 
the (Cb, rra·)205 :w~th an. ·a~l~~is· o:f' .. ;l~o3, :Pe~ent (C1?, _Ta) 295"~:. _ TJ:lis p_~o9-uc.!-. 
was passed across the laboratory shakJ.Dg table ~o produce ·a i":i:Da.l concentrate 

• ' \ ·~ l • • 
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reJ;>reiJent~ng-~·o-~63 percent o:f ·t:q.~-.<>Tigirial:.·weight,. :wtth:i'an. analya.io of::gS.2 ··~~ 
percent ·(cb··~ ''l'S:)?.~5' ail9.' ari..·overalJ{; r~oovery.:;o:f·;'32b-9 percen~ ~ .; \t ~~: 

~ . ·:· 
TeotoNwere then:· ~ondu:cted to determine the optim1.1.fu '·roaating :··temperature •. ;~~ 

~epr~aen~~~i~:. sampleo were attrition ec~bbed1 treated by wet ma.gnet;i.c· :-~~}.:la ... ;~ 
ration to ·re~~ the ma.gne_~ite:.a,nd·-t-italiif'erouo magnetite, and 'then.l.paol:fed ,., 
acrppo_· ~\ -~~~:; ~~pa:rator ·set at )2t8·i~mperec to·-.r~II10ve:;~he bulk -of the ,·i,llft~p~te. 
and garnet.-~ -SJ.fnilar ·nonmagnetic'·f'ractioruF•were· ro~sted at 8009.; ·90091 .. _:a.na 
1,.900°'-C'~ tb dete~~·--the·"effectri ·ot<the var:fou~ l'OaotiDg temperatures.;~­
Roaotillg at 1, 000 Co l!$0dulized the Bando, making mechanical separation ··1m:. 
poo o i~f.~ ..... T]l~ re~~~ _ ~wo _ oampleo, wh~ch J:'~tained their gntnular form1 
we;re -:treated'·1)y el:ee1iroctatic':oeparation,· witli "the-,:ooutput ·voltage'·'oet··&.t.·· 
20-~000 _ VOlto~'·' ·''.t'heic'6nductor ·and IiOli:COII.dUctor-. fractiO!lE3· :were· ;clea.Jiei'd:'onC'e 
The ~tiniiuctc:>r' :r~c;ti<?ria were pas'tied·- acros·c thenring-ty];i'e·.aepei:r;ator<at!:.2£5• 
amperes ~a~-~--~5 "~.~~~s ~, . The~·~~~~ctor.we~e- sgb~tted ·:tor ~-..:ray t~uoref$cent 
a.na.lyoec o · The ·sample·· that waa· roaat·ed ·at~·-aco :(;!-~ prodUced. an -euxenite:~ ·· 
Umenorut:i:le !'eoncentiat·e·· ·that ·. na.a.:.:~ .(~oi'fi<:of':·26·~5 perc~nt ·(.cb-i ~Ta )-.<o:-.'· 
with an overall recovery 'of ·#5 ~·81·: perderit'·!'and ·::repr~cented-,1 ;07 ·p·ercent~o~ 
the or:l,g~ .~Te:l.ght._ ~ fj.nal p~<l,uct, representing loll percent of the .. 
origim¥l:'!~igi~£;, -~~·;produc'~d ·\t~C?m'-'~li€('o~la' that' wat:r;~roaoted::·at '900q·c·.;, 
which _I?:ac1 ··~ ·.B:~~Y,~ifi .. _of ·2:3 ~~··y~:.rc~n~ ,<~~~, --~a:)2o5 \with·_·an. overall· -~ecov·eff 
of 41 o94. perq:(;lnt_ and--~ conc.~ntration <ra;tlo . of: ~37. 7·:1 Clo \.'; , 

-_·: :_ •. •'!.' '-,·: ..... t·: ·.~;· _;J,,;:'')" . ) '"·;[~ 

_:':rb:~ re~~~i.ng -~~eri~ __ wai33;t)re:P'a~ed'.f'or a:final teet on a. '-sl.ight:ry .. , 
la:rge:Z, :~·c..~~~· ::T.~e 'sfinit>le of .l>J.ack 'o.ando -~aa ;a;ttritiozLacrubbed ·at 80 p~ro· 
C~1lt .:ac;>J.:i'M ::to'· 'remov~ a:· slime .:ffuct'io:ti;';'(l) ;...,:.l·'wliic1i reprer.iented·' 3·'~23' peri-1 

ce;iit of.'-.:tb~.;)$.anqjie "weight•:"·:ThE{''deild:'fraot:t:on wao· trefited on, a wet..ltype··· .. 
ma.gne~i'c , $~p~ts;tbf' to 5 ·remove-' t~e . ~gD:et'i-&e ·and.' ·-ti tanif>erouc . magnetite· (''2 )';:· 
which· w·aQ: ~~9p.~;-~r~'4' ~- _final J?l'OCiu~t ·:'.and:;re]>reoerited 43 .85 :percent of "'·tlie·. :·. 
we,~gh,t 9 ·~et·:~~-~~~~· no,mna&rie1ilc' ')f'rec~l9n.·'waa dried ~and paeaed: 'acrddoc:a;.'; 
ring-ty-pe_ :~iP:a:tic'L!s~parator; at ··2:.-·a amperer.· :to ;-remove ·an' ilmemte~g-ei.rnet·proauct 
(3) o Tha··}idnffli@ietib' i·riictiox(trom 'th:to \3t'e:Pdwaa<then··;raaoted at<8ooo.-c·~,-
and :tr~a~.e.4. ,o~-~--qarpco "high-t~noion" oeparator to produce conductor e.ng, 
nonconductoi· :trac:t'io,na·~ The~ ·filiSll 'conducftor-:~o-rftiOii wao··further- treate«-.·on 
a rin.g~tY.P~'- ~gnetic{ ··aepa~tof to_.-'reli!Ove 'e.-~ se'dond -'gamet ... ilmeilit-e product··· 
( 4)' w~:~. -~116._'p,~DIDEigne~~c ma.t~ri~ r.e·~t;rea.t'ed. at hi~her .:fntenoity to .:make ··a 
final. etixenite~.-:ilmenoru:tfle' produc't ":(5-) and a· nollliiagnetic, product a 

"• ·-~: •·•. . r ~- .·• • :·· •: . ·' ·:~: •• ~)- ·~· . 

Thooe mineuu;s 1 which reported aa' · notl.coridttctoro from 'the. 9'.high-tene'-1on" 
13 epar,a.tor,, w~re aloo t'reated _o~ the .ring-type ma~etic oeparator to remove· 
a garnet-i})tle~~~e ·product ,{7) and a :comparati~ely 'lar~e nomm:gnetic :fnidtion, 
which COI1taiP,~d minor .amountil of' ·:e~eriite ·ana! ilmenorutile 0 Re•treating. 
thl;~· nom.Ha~~tie j~r9duct_.~~ higher--intencity on "a cmoabelt magnetic sepa­
rator remove~ .-:moat t;>f t:tle uOJ1e~.o .j,D_: a ·f'inal-nomagn.etic"pl'Oduct {10)·., 
The :final ~etic co:ticent~te ·wao paased a.c:roaa· a ehalting· tab:le to .acavenge 
the remairijbg. 9~1UW,ium.,.tautaJ.W!i~P!e&ting miner8J.Er'(8) <i •:A locked aeriea teet wa not .. co~~-tad./ b~~- it io propc)GjS!d:··tbat the table concent:rate be. returned 
to the raaaj;e(i' --~:rial. c.~ ·.to""the ~hi'ghPte:osiori!' ·o.eparator, -

~ '. . . ' : . .. . . - . 

iJ: \~tmb~rc- ;i#:;·pa~hfi*'ea= ·~et~~- ¥.: ~~ ma~~ ·m o~eti\!on, which are 
~-
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The euxenite .. ilmenorutile ricb. product, which wac magneticaJ.ly oepa.;.. 
tated from the conductor fraction, represented 1.12 percent of the original 
weight and recovered 47.69 percent of the {Cb, Ta)2os._ at a concentration 
rstio of 42.58:1, with an analyeia of 26.4 percent (Cb 1 Ta)205, 17.3 per­
cent BEO+Th02 , and 3.48 percent U308• Examination and grain count ohowed 
thi[j product to contain approximately 80 percent euxenite, 12 percent ilmeno­
rutile 1 and 1 percent co1umbi te • The flowaheet f'or this teat io ohown in 
figure 2 and the metallurgical data in table 7. 

Test reaulto ohowed that the ilmenite concentra.teo contained 40 to 50 
percent of the combined columbium-tantalum o.xideo at an a:nalyoio of about 
o.6o to 0,7 percent (Cb, Ta)205. Petrographic examination of thio product 
ohowed that columbite was preoent, but not in oufficient quantity to account 
for the large amount of combined oxideo. Further otud.ieo on a lsndpicked 
ilmenite concentrate ohowed the ilmenite mineral to contain 0.80 percent 
T~05 and 0.32 percent Cb2015 • A sample ?f the ilmenite product wao stage 
ground m the laboratory oa.l1 mill to determine whether any concentration 
of the combined oxides occurred in the variouo size fractions. Analyses 
of the producto indicated that only a alight concentration of the (Cb 1 Ta)205 
was made in the minuo-200-mech fractione This concentration wao too minor 
to warrant the extra treatment. 

TABLE 7o- Metallurgical data from reoultc of teet work 
on BearVBlley blaci-oand concentrate 

mes 
Magnetite (2) • a 

Ilmenitv (3) ·~· 

Conductor 

Ilmenite (4) .... 
Eux-Ilmen (5) •• 
Nonmagnetic ( 6) 

Nonconductor 

Garnet (7) u 0 oe 

Table cone. (8} 
Table tail ( 9) .. 
Nollll:laQJ.etic ( 10) 

Weight, Analyses, percent 
percent T~o5 

..92 < .5 1i)5 
1.12 2 8 4 4.,0 

.77 ( o5 2.3 

.22 
a24 

1 .. 34 
3o63 

ioo.oo 

< .. 5 
1.3 
< .5 
< .5 

o.6o 

26.4 

10.,9 

0.26808 

.. 29568 

.026378 

43.24 

um ers in parentheses-refer to operations oo eoigna e in figo o 

A oample of magnetite was submitted for Elpectrographic analyseo o Tanta-
lum wao reported as not detected and columbium preoe~t from PoOl to 
0.1 percent. Owing to difficulty of accurate determi.nationo of .Ta205 
and Cb 0 in the lenser amounto, analyoeo were reported aa leoa than 
0 .5 anft ~eaa that 0 .. 2 percent. 
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. Stearns. ri.ng .type·nu111b~.r. Q IJiag.netic sepa~~tor 
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. ._ f II men it~i garf:!~t-" (3) 
:=''Ro!lst-'at 80Q().c. ,.::;; 

. t . 
Carpco high-tension separator, 30!000 V D<; t ... ; ' .. ·<! · .. ·t' 

Noncondu~ta/ ·Condtidor 

. + . l 
High-tension separation High-tenlion, Sflparation 

I· .. ' w ' L . ' ~ 

Noncpnducio•. tono uctm None*('·"' Co:d~cto.-' ~-~ ·. . '. . ~ 
Ring-type magnetic' separat·c:ir at 2.5 amp Ring-type magnetic separator at 2.5 amp ' -~ ' . ~-· Nonrrlagnetic Garnet ;Nonmagnetic Ilmenite 

t_ ilrT!flnite (7) ·-!· gar:·~(!lt .(4) 
Cros sbelt magnetic 

separator at 3.5 amp ~in -type 
mag netic separation 

at 3.5 amp 

! .· 
Euxenite ilmenorutile·(5) 

l 
Nonmagnetic (6) 

Epidote, allanite, sphene, euxenite ilmenorutile 

. + . . , . 
Deister Overstrom shaking· table 

Concelate (8) TaJ'ing (9f .f~; 
Figure 2. - Flowsheet for test worrk on Bear Valley ·black-sand concentrate.;· 
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Gon9lueiooo 

Teets ohowed tbe.t magnetic separation~ cOmbined with gravity c~n­
eentra.t1on, waa not adequate in. ooneentmting the· euxenite and ilmeno ... 
rutile from the complex alluvial black sands .. from the :Bear Valley I Ida.ho ~ 
plac,er aaiil.Ple ~, . ~l~_ct~o~~a:t?iq ~~-~~t~on w~9.: r~qui~~~ j~o · o~t.ain .. auf;N.._~ient 
gra~ and. r~.«;:9:Vary of .~h~ C.<?~~~~~~um-~~*-~ mi,nem,J.e •. · 

,:'.'It ;~ao d.em<?,notrat~~ tlla.t a ·'a'iightly o:x:idi~;tng r0~13t at 800°:'c .. 'wao.' 
benej?i~ia.l. ~ ~-r~at~ ~h:l~ ~~~ck7B~~d.·,a~~~~, 11 :· ·11~~-tr~at~ t~e·'·m.{n.~rB:lo. 
permitted cle~r .«=1~·1'8.1;1.~ p]' .. m~et.ic met~odn, a~d .alE:J~ c~~d tp_e. ou~­
face conductance and mineral· reoponae· to an .electric field •· 

• ·,\ t.- .,: • ......... ·•• . •• ··' •• 

<;)v_ti~ to th.~ :t:a.~io of. ~.onc.~nt~t.i9p, req~:I:red _ _.;to ef~e~~- ~ .a!)l'_.:t,:ec.~able 
upgx:a,dipg ·of :the · col~~~~I!l-;te.J;lt~:_~.l~.,.~~~:rin~. ¢ne~a 1 \~d ;_a.l.so.: .~h~. }.~mi~ed,, .. 
amount.:of' itat.~~i.~ with_:wlrl.~h to. ~<?.rk, J:t;. ¥S.P .ne>.:t.::P()BOib).e.to ·!E!o_:r.:<?,le mid,.. 
cUing .Prc>.d~ct~ .~o, ti~te.n¢n~.,acpurat~ly ·reQulta. ~d ,recove:ries .~ha1; ~Y. be ... 
obtained o~ a l~~ge~:ac.~-:1:-~,- ·ci(;)xj.t_it?.~<;>\;o oJ?.e~t;i~~:~ · - ·· · .. · 

It may 9.~ conc~ucled. t.~t,. a11;q.pugl;l ~- _goo,d r.~cove;ry of th~ :~~­
columl?:l.~-ta.:p.tal:um~b~B:.rtng ~ne:r,ala ,. -appr.o:x;~i:rla;tel,y S4 p(;l~c~nt ,of th~ 
e~enit~ .. ~d~99 pe_J;_cent; J>f the·)J~me~()ru~~:J..e, .. ·.~P~~':be obtained, .. tile ·a.v~~­
all re9oy.ery ,():f ... th~ .oot$~~ed .o~ideEl_ :(C~, .. ~a)2o5 1-iao low;. ~~is 'iiSP'_d:ti~ 
pri~_~ly .to .the _larg~ a.n;o~ _of,-~p_ite. p~~Q_ent -in the or~,, w~ioh, coil:-' 
taiD,e4. 0:.6.0 .pe~ent: (Cb 1 ~~):2q5 :~q;_,~pr.eae:J;?,~ed_: 45 per9e~t qt tpe; -~~tal 
weight. Gr~nd4ng t}:l.~ .. ilpleni~I!I.::PWd~ct .... :to a. ,~~imw.n o;Lzt.; for n;~echanical 
GepB:rati(,)nC ~.id nqt appi:eC~aply.,i~q'J:'-ea.D~ ~~1,1i-~· reo~rv;~ey:. 

· .. ·.· .. 
Ii .is be~l.i~ved by .the -~a.\lth,o_ro .. th~ji ;~;re~t.~~nt .~etho~, othez:. than 

phynic~, will ·be· required :to r_ecgver. the reJl!a~:P:~. ·{c"b, Ta)2o5. frpJ!l. 
thio lo~r-grad.e_,:.!IJate~. · 

· ... C~SC;Al)E. 

S_lllJlmary 

~he ~aumhof'f -Mara ball. Co. at: Bpioe, ·~~ho, hao 'been .trea.t'ii:lS . a plaoe.r 
clepooit at Cascade, .Idaho, to .rec.over·mQ:pe.~ite.- .The. rougJler .:J.lineri.i~e· con­
centrate,. ohte.ined by gravity and Dlfl,gneti<:;-p:roced1lres, had bee~ observed 
to contain minor amounta ,of monazi~e: and ;ra4!9~c;tive opaque mine~a-~ 
Owing to the.·. small amount present:~ .accurate·· !-'lta.tei'Jlli.DB.tion of t~e .act~~­
mineral c.ont,ent of this product had .not b~e_I;l. xrad?. Howeyer 11 . becaurie _of 
the interest-· in: col'q.m'Qium-tant~lum-bearing minem.ls 1 it wap. reque~too ·that 
a oample of' the ~lmenite· concentrate be treated a:a an aid ~n de~erndning 
-what mineralo. !"ere present and to "W'hat extent tb~y coul!l b~ con~en~ra.ted .. 

The high ratio of conce~tration requir~d made it neceaaary to treat a 
larger. a1Ilount of' materia). t~ _ c()uld be . han<Ued by laboratory_. equipment .. 
Therefore ar~ementa were made with Porter Brothers Corp. t;;t Boioe 1 Idaho, 
to treat a 2,500-pound oample of the ilmenite concentrate from Baumhoff­
Marohall in the. pi].ot pla,nt~ The ~reatm:ent ~rocedure wao to follow ~he 
method uaed for treating the Baa~ VallEJY black· oand.S. 
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A repreoenta.tive portion of ~ach'·-~epartttion product wao returned to 
the Albany la.borator,y for evaluation~ 

. /, ,· 'J ~ .•. :· : '··,· .-· ~ .:.~.: ; 

• _1, ~ ••••• , • .' ~ .. ~ • ·• • - --.. ,. . . . ( 

The '2., 500 ''pound· ·sample-' ·waa a:ttrltion; a·& rubbed· in· atf aJilalgam·-barrel ·at 
approximately· 80 percent.'c'¢1ido ;: ·':No ;-grlndiDg·':_m~d.ium vaci: uoed ·-a.na· tii~"alime 
f'racti~IJ.1 ~hiq~ r~preoented abo'l,lt 1.0 _P,ercent of the _weig~t., wa~ removed by 
hy9:~illic claso ificatfo1i: . :~.he eando ·w~re' 'diie'd :e:t :2500. :F ~ and oubject~d to 
lo"tir ::tntencii ty _,magnetic oeparatiori on .a Dingo -.;fixed .iiiagriet 'roll at a . f.e·ed 
rate of'-465 poundS· pe'r ·houro ''The traghet1c tradt±oii ·\.telcrhed··:l7~5 ;potindD 'and. 
wao conoidered a :firi:fshed :prodUct·c. •. 'i I: c.,:-.,. 

·:ThEf.lolri.·''inteno~ty no~grietic ·prodUct :wri'r·fti·rther treated on ari/±(3:.. 
inch ·ca:fpco ·induce~ r911 ''o~ariitor} ·operatilig ·at· :1-~0 :amps' ·with a 7/321-i:n.ch 
air.::~p spacfpg ':to .. remove the· ilmenite., .. Eacli product . we· recycled fclr 
cleaning' and> the notllifignetic.::rrad.tion, which wetghed· ·322'~5· poiuias·;. \~rf 
heated to 265° F o for treatment by "high-tene.iori"' oeiarati'bii." .:·.::·---

The Carpc6' '''high.:;ten~Hop oeparator'' ·wa·s eperatea·::on ·B;:.pooitive· betting 
at 26,ooo··Vcl_tQ/U,£d:rig a 'b~a_m~type:·el:ectrode~~ -'The .opeed of:'the' l$-Uilili :,· 
rotor .was 100 r~p: .. r!li''l:md_ tlie; re·ed·;mte'.5l .. o pount:lc per houro :·T-he·:·conduetor 
and nonhdn4ud"Jior :fra.ctioruf' were 'cleaned-' to remove. a .ibigh:..gmde: . momz!te 
produC':f·: which wei~ed ·14·"~···poundb i:·.• Ttat-··portio1:1/C!f' matertal··:tlmt ;adted. 
as a c~d,li~tor wao eoa'e~ially·'ilmen:ite·;: ieee ,amounts ·of; garnet arid~·.Jbbria­
zite, ·1.ifth'·Iiiinor aiilounta of'··quarrtz~ .. and' a<Diiiiei•a:iJ :·tna.t. appeare·d. to··be 
leucoxene. Thia cond.uctcfr 'portion wac then pasa·ed :acl'Ooo a''Steei.ma'-'crosi::l;.;. 
belt magll:etic separator opera,ting at 3.8 ampc with a feed rate of 50,0 
pounds p~r ]+our~ f.3·evei1 .. ma:gn_Ertf'c · pro~cta were removed. by thiEl -irachine.; and 
in the usUe.i t·rea.tnient: procedure "these pl'Od.Ucta are :atoclq:iiled for future 
re-treatment. The nonmagnetic fraction from the c:rosabelt· iJeparator·'we.ighed 
only 1,005 ,.0 graJilD, and although oome eux~ni:te wa.o observed, it wao present 
in oDl.y minor amounta o Later petrographic study determined the eooential 
columbium~bearing mineral in this product to be ilmenorutile. 

For rurther up-gra~ng the no~gnetic material. was hyd:raulica.lly 
cla.Boified arid treated on a one-quarter.' deckJ Deioter·. Overtitroi:J(.table.;.- All 
producta· ~er~ recyc'iea· to produce' a·',final. table con~rentrate ... and tabl'e ' 
taili.DSo ''i'he table concentrate ·woul.di'·'llnder the ·regUl~;Lr treatment>pro­
cedure,·be·the end product~: However.,: owillg··to.:the minor amounto::of''eilxenite 
and colum'fd.te present, it was· decided to. attempt ~rther concentration· by· 
re-treatirig the dried table concentrate·.-on' the '.!high-tenoion" oeparator •. 
Thio treatment prodticed a conductor product weighing 239 gramo, a cmll 
middJ.:fi!.g 1 WhiCh Weighed 8 .,0 griu:na » and a IlOilCOndUCtOr Of J_ 75 .,0 gramc I 
which ·appeared ·to contain only minor .amounto of euxenite c. 

:Detailed 8.llalyoea are given c:m1y· for the significant product a; the 
grea.t':bUlk ot tl;le ilmenite waa removedp ·and contained a negligible portion 
of' the vS.lual;>le ~eraic o : · :. /' · 

. .;'•: 



TWen'Ey -five· hiliiared poundS :of an-· 11mem te ·concentrate.-fi'Om Cascade, ·, 
Idaho, black· sands were~- t~tea· in iiJ.e· ·Po~·er Brothers. pUot pliult by: .-{1)-. 
Separation o·f th~ magnetit·e using a fixed· Jragnetic roll~ ( 2) removal of 
ilmenite--by treatment- on an induced-roll rie.gtiErtic separator~'-{3} separati-on 
of :mOnazite by "high-tension" treatment, (4) rejection of remaining- ililienite 
by use of a crossbelt magnetic separator, (5} removal of leucoxene pseudo­
morph and other light minerals by subjection to bydr.aulic classification and 
tabling, and (6) separating monazite and leucoxene from the table concentrate 
by final "high-tension treatment" to produce (7) f'iDEll columbium-bearing 
concentrate and (8) middl.ing. 

We g t, yses, percen 
. P~.~~cit p~r:ent ~_g_ _ _2 --~--5. ----~ h+-~,__M_in_e_ra_l_-t-_P_e_r_c_e_nt_ 

F~ CO.J.;u.wu um con- 1 
centrate (7)~/ ••o••• 0.021 26,0 10,0 0,60 1.1 Ilmenorutile. 55.0 

15.0 
10,0 

Final "high-tension" 
nonconductor (6) •••• 

Table tailing (5) •••• 

Final "high-tension" 

1.4 

.92 .52 

midd.l.ine (8) • o. o.... ,0007 Amount too small to 
assay 

l 

Conclusions 

Euxenite. 
Columbite. 
Monazite. 1.0 

.5 Monazite. 70.0 
Euxenite. 3.0 

I Ilmenorutile. Trace 
Columbite. Do. 
Leucoxene.. Reminder 

.5 Ilmenorutile. 5.0 
Monazite. 2.0 
Euxenite. 1.0 
Columbite. 1.0 

Euxenite. 
Monazite. 
Columbite. 
Ilmenorutile • 
Allanite. 
Leucoxene. 

20.0 
17.0 
1 .. 0 
1.0 

20.0 
20.0 

Treatment of the ilmenite concentrate obtained from the Cascade, Idaho, 
black sands by the Porter Bros e plant procedure indicated that approx:i.nately 
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 Cb20~, 10.0 percent Ta2o~, 1.1 percent U, and 
less than 0 .5 percent Th. Part of the euxenite was recovered as a middling 
from the final high-tension separation., This middling product weighed only 
8,0 grams and by quantative petrographic analysis contained ~pproximately 20 
Percent each of euxenite, monazite, allanite, and leucoxene. 



It was noted that the, ~:Qalle:J;" labora.t~n:y:"'scale equipment doeo not, ·j 
give BG good reoultE> Oil the im.i;,;gra.de .. :black: oand ao the larger equipment, ·;_, 
·such-~$'tf:: ·:;~;~: :ua e~J'Jy:,:~o~~r · . .Bro~h~ro, .p~ant a:~. ~BE.~'?~;~, ·I~!J,o,~ ~)Tlli.s · ~~ _ Pfl.r:ticu;;~ 
l~~ly tp..t~ .. p'(,_ :~~' ~~<il~~~, _oepa~t~9l;lll ·:.~~d:~:~SPE,l.c~¥fY·:· <?,:f tJ~~ .. c ;roo~pe~ t .. ¥.4g .. 4 
netic: ~epa;ratcp;rs~( · T~~i .l~rg-~r e.~~lln.\!3P-t.c xyd~c-~p,~~ tJt,e: l>~P9:r;'t~'?P. 9f ~'tier.~~(~ 
mechan;L~.aUy, ~c~rr;le,d--ov~;r,,an~. ~ppearo;; 'il-~- ~ome,.f::Jtageo~ tp .. g:J.y~.- cleane_l;': .,. 

' . . . ' ','.. ,, ... ·'---· ' ' • ' .... ". ·' ·····-·- .. , . .. ·;ij 

cey.arati~~i · ·~ 
,.,1 

~ 
i.i 
··.~ 

,.':~ 

Int. - Bu. of Mineo, Pahe, Pa. 6467 
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