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A PROCESS FOR THE SEPARATION
P

OF

BARITE AND SPHALERITE

by
Cairy C. Conover
and

Edwin Robinson Morris

NOTE: An ABSTRACT of a thesis done at the Missouri
School of Mines and Metallurgy, Rolla, Mo. for

the Degree of Bachelor of Science. 1912.

A process wherein the Barite-Sphalerite concentrate
from the ordinary water concentration is given a bath of
very weak neutral sulfate solution at a'cost of 10¢g or

less per ton, previous to electrostatic separation,

Rolla
1912



The present high price of zine has stimulated a ~reater interost
in f:phalerite Jorite sepnrations than has been manifested for some time,
A great cany processes havo boen worked on and have ffatled for any
reasons, tho nain one being that the physieal characteristics of the ore
varicd so nuch. The process that is sucessful must be indeopendent of these
variations,ilic following process i1s onc that depends on a chemical
phonondnon and is adapted to any sphalerdite-barite separations

This series of exporimonts was pnrfnrhea b= the authors at the

dssourd Dcheol of “ines and letallur~y,lolla,’o, and was cnmbodied in
a thokss.
An Unusual Scparating Problen.

Ordinarily,sphalcrite is a nonconductor of eloctricity and
because of this is essily separated {rom copper sulfide minerals ™y
clectrostatie moans as the latter arc very rood eonductors. A test on
some weathered tablo niddlingn of those mincrals showed t'e sphalerite
to be n séod conductor and"could not be separated from the copper
rminerals.The sphalerite was darker than it was ori~inally ., The f{resh

1iddline was very casily separated,the spholorite being in this case
8 non conductor as usual. The dirfur nee 1in conductivity of the sphal-
erite 1in tho two cases was duc to o dark filn deposited on its surface
principal decomposition product of copper sulfides by woathering,it
occurred that it =mipght be possible to make the sphaleorite,in amy case,
a ;roﬂ conductor artificially by leachin~ <ith dilute copner sulfate
solutions.,

Apnlication to Sphalerite-.arite ODoparation.

Barite is a nonconductor and is maffectod hy conner sulfate
soiuvions.lience Dy civiar the sphalorite mixture a copper sulfate

treaticut,, the snvhalerite can he tede a good sonductor and can be
separated clectrostatically fro the barite,

Preliminary tests showes this to be pomsible and hastily
arawn conclusions stated that ¥ the sphalerite was made a pood
conductor hy the clectro-chomical depesition of a minute film of

r on its surface by the sulfaiing action,®

The product trecoted was o hand jir concentrate consistin-
chicfly of barite and sphalerite with no pyrite or galona,from a nine
in @cntral !'issouri and had not b en sucessfully trecated by any "rocesn.

The Separator,

The Apparatus used in these tosts wvas a small ono rollor
soparator 'ade to resermhle the uff Doller Type 'lectrostatic
Soeparator. lectrification was su-plicd by an ordinary loltz 'lectro=-
statie machine, The scparator is shown in 'i5.1 It consists of a ¥
shaped hepper sulitably nounted to lead the ore proporly teo tho
rollerywhich 48 a two inch brass tube four inci:0a long.The hopper is
capablec of bein~ poved forward or backward and is hcla in place by
scrows in slots "A"  The rate of feod is regulated by a 14p on the
front of the hepper which may be raised or lowerced bdy a bolt in the
slot "B® ., A tight flexdible joint botween the hopper and tho roll
is pointained bp pieccs of felt attached to the hopper. The roller is
mounted an a shaf't belaw the hopper ond 48 driven by o motor.
At the bo!tow of the reller ,sct well back ,is a metal scraper,
héld against the reller by springin: it n small anount, This scraper



)

soerves a Jdouble purposc,te scrape of{ any nonconuctors that clin~ to
the rellvhen it 1s charged,and alse to form an rloctrical connoction
to the roll.Just in front of the roll is the electrode,which consists
of a copper tube encloscd in a ~lass tube,sunpertod by iron hooks,
uhieh are supportced by the frameverh of the naeine. “he hoolis arc
t' readed the greater portion of their lensth and slide in hoerizontal
slets.mall nuts clamp both sides of the sopport,matinz it possible
to firmly (ix tho cloctrode in any position desircd., About two inchos
below the eaghine roller and extondin- cut in front of the nachine
are two supports for the concentrates pane.the pan is a wooden box
with an inclined sharp edse to facilitate cuttin~ in at the desired
lace. Below this pan 4s a tailine pan. The machine is about 156 inches
‘gh.,'h other dii:onsions can be costimated by cyo..

“he ore st be dyried bheforce soparating and' is fed into theo
h:ppers The roll can be 8p¥fiee»Be grounded or charged eoppositoly to the
chiarge on the 9088¢ clectrodes In all thc tests,however, the roll was
groundod,as in practice,for meci:anical reasons,the machines are oporated
that way.The speed of the roll is about 200 N.P.:M. The ontire aparatus
set up for work is shown in Figl2, and consists of a small motor,the
electrostatic gonerator,and the scparators

First Ixporincnts.

"o determine the oficct of various stronsths of copper sulfate
solutions, time ef treat ent, sdzine of fecd, tomperature of the bath,
was'ino out of the soluticn after trcatment, and the ficet of no
treatoent,tests 3 to 9 wore - ade.tn all of tiesc tests,thc manncr of
troatment in the scparator was nproeiscly the sano,special eare boing
taken to make =11 the variables constant but the onc under ohservation
urdag - thae v le of each t~at,

Test Number L 4 ¢ 5 & @ S L o
Size of ore 20«40 mesh thruput oxcept in ftie~ cwr cowew 13«0
Copper sulfate sol. 10 erystols 57 1 17 »0n8 1
Ce, of solutiom  BOO 800 noe 500 too " nOn
vinutes on ore 10 10 10 a0 10 » 12
Temperature cnt. 3100 i} 100 100 100 . 10"
Times wvashed 2 2 3 2 Bone t 2
CeCe wash wator 200 300 300 ann hd hd £330
RePells Voller 136 106 126 136 136 136 136
Times thru Sceporator 4 4 4 4 4 4 !
Wodght ore in grams H70 500 0N non 500 500 ~on
Pereent Zinc 19,80 10,80 11,00 10,80 10,80 10,80 17,80
teirzht tailing () 347 . 64 245 319 578 458 i
Perceont Hinc 1,08 412 922 1.5 "o 30 15,06 el
Yekght Concentrate 153 1406 105 181 122 46 e
Percent “inc 020 03620 61,00 62,30 (4,501 60,40 w———"-

Poreent Pccovery 06,83 93,5 0648 95,0 TG 00,0 RE—

Conclugions {'ron tests NeD,
7ot © was not run t: complotion as it was too inferior to he re~ardod.
Fron tho forcroide rosults,it’ is covident that the ore rust bo treated
to affecct a scparationg th t it must be rcasonably closely sized; that
the temporature,stroangth, and time of treatnont are not important
items to considor; ami that the remaining solutéon hinders the sopara-
“tions The rcason tost 8 pavoe o partial scparation is cccountod Cor by
tho fact tiat some ceopper minorals have been obsorved in the wicinigy
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of the deposit and the weatherine of € ese had nartially coated sonc
of'’ the snholerite,

Rapidity of Deposition.

To show the rapidity of dep sition of the conductive film on
th¢e sphalerite,and the tine for maxinum deposition,th:c followin~ tests
were nade, 20«40 nrosh sphalerite was treated with:  copper sulphate
solution(1 erystals) at roow temperaturc for varying lencths of time.
26 ~rams was treated with 205 c.c. of the above solution in cach case.

AT the desired time,the solution was quiekly filtcered off and was
anal¥zed by the "Yodide" method, S8ec.c, were taken for cnalysis cach
time. l'ron thesc resultis, copper used up per 100 zm. Shhalerite  in
‘each case was caleulated and the follewing curve was plotted.

"his curve shows that the deposition of the film is very rapid,
the maximum,under these conditions boeing reached within three hours,.

Minimum time of Sulfating.

To get nmore of a2 notion of the minimum time of trceatment that
would give the aesired separation, a batch of orc was tronted for
onc minutc with 17 coppersulfate solution at roon terperature, washed
1mmediatoly,dried and scparated. The results werc centirely satisfactory.
The time of treatment,then,is not an important factor.

¥rom the curve showing t'ec rap1dity of' deposition,the copper
usad up was caleunlated and five lLiilo~rams of orc ,thru 12 mesh, was
siven the same amommnt of copper sulfate per gn. as was used up. in the
preeeadding oernerdment in a very dilute solution. this vas to show
vhether deposition would kould so0 on to conpletion in dilute solution,
If it would,the copper sulfate uscd up per ton of concentrate would be
puch smaller as nonce would be left in the ore or solutien unused and
also the expensc of washins would be eliminated.

“he 6§ Kilos. of ore was put in a tube G fceet long,held in a
vertical position, and 129 c.c. of copper sulfate solution at 28 €
and of 0,111% Gu. werce poured on to the top of the ore. The resulting
solution was drawn off at the hottom, This was to rescmble treatment in
ordinary bins by pouring the solution over the surface of the ore and
letting it drain off thru opcnings in the bottom as waste water. It tolk
30 ninutes or500 €.c. to drain off,the remainder beinn held as poisture.

The ore was then dried,screcencd into four sizes-«12-20mesh,’
20«40 nmesh,40=60 mesh,and thru 80 mesh.Separation of the 12-30 nesh

product gave the following results.

Feed 2727 grams 10.38%31nc.

Concentrate 771 " 63,75% ¥ 0,527 Fe.0.14Pb., 0,087Cu.,
Middling 114 " 24,647 " .

Tailing REB2 " 0.61“ "

Percent recovery(counting piddling lostde-==02,8

Percent ( " recovcrable}~—97.8

The milddling was mot run to tailing and concentrate as it was too
small in bulk. Its behavior,hovever indicated that it would separate
as well as the rest did.

Sephrations of thc other sizes rave equally as good results,
the dust separating ncarly as well as the coarser sizes,



4.

Analyses off th» solution used in the fereroins exporiment are ac follows.
Oricinal solutione- 0 1117 Cu. Ho Y'e. Ho “n.
resulting " 0,000 " n,.104 Te. 2.0067 fn.

Treatment charses.

"he copper used up in this coxveriient was at the rate of 2.
pounds of .crycstallized conper sulfate per ton of orce., "his ~ives about
10 cants per ton treatment eharces above those incurred in {he
cleetrostatic separation.

It toolr 25 minuies to malie this sonaratic: on the single roll
mnachine. lience the capacity of an cleetrostatic separator worizing
on this ore ought to be as hish as or hisher than these in use now on
other senaratidons,

Conclusions.

Thus #em¥%all dato ot hand indicates that snhalerite ond barite
can be sep rated by thds nethod,vwiielr consists of pourding over the
ordiinary vat*r concentrate, a very dilute copner sulfate solution,drying,
seroendng and separating by clecirostatic ficans,

“he effeet of abrasion on the eonductiive #ilm has not et been
studied.Abrasion in drying,screoning and Landling ofter sudfahing
may cifect the ﬁractical appllcation of ti:¢c proecssze Tt is net helicved

to bhe of much importance , howcever, as the il is psuedororphous
and would rocist wear as well ao thc oricinal sphalerdite.it is not
probable t ot 1ore abrasicn  wonld r sult in practice than ﬁgﬁ in thcesc
tests.

The Conductive Filnm,

“he conductive il deposited on the surface of' thie sphalerite
by the sulfatin- besins te deposit as soon as the solution touches it
and e#¥Ferssd darkens the crystals frow a groy te o jet black according
to the thielmess of ihe denosit. Yhe rapidit: if the cction is increased
by heat and by strensgtlhiening the solutione This {ilm appears as lustrous
as,or norce lustrous than the original sphalerite, indicating that the

filn in pscudomeorphous,n 't amornlicus.. It was {irst thot by thosc that
first observad the phenmcicnon, that it must be copper becoausce it altered
tl:e conductivity of the hlonde so xarheﬂlv. Cherdstry does not
corroborate this haoctily drawn cokeclusicon as the followiny experinent
shows. )

Abotit 60 ~ramg of sn»halerite was ~round in  amvazate nortar to
an inpalpable pewder in order te exposce the maximm surface to the
action of the selution. It was lea hed coentinucucl v for thirte days

with a strong neutral copper sulaftce sclution al P9 €. The resuliing
nincral was jot black . pdeiaiisgdr %hu-ﬁ*iiﬁﬁinﬁnen*pﬁﬂiﬁianﬁ Al'ter
washing and drying, it was of the fellowins compositions. -

Zn., 0,85 ¢
Cu. 16,82 7
So ‘3‘2-4 3 i
Kos trace

Total 00,007

Fipuring the porceont ZnS that rc-ained unaltered from the Zn.,shows the
following conposition.

<

Zns 75.38 -

I3

S 7.72

vl

Cu 16.82 7



The ratio of copper to sulphur remaining is scen to be 2,18 /1.
The ratio of copper to sulphur in Cus is 1.98 /1 .,

Thesc raties cheel closcly ecnough to say that the copper oxists as
CuS.

Hence, the conductive film deposited on sphalerite by trcatment
with ncutral copner sulfate solution,is CuS, not Cu or Cuas . The
equation expressing the rcaction is,

CuSD, # ZnS = CuS » %050,
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