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FLOTATION OF S0ME CARBORATE MINERALS
WITH
SPECIAL REFERENCE TO INORGANIC SOL DEPRESSANTS

Introduction

Flotation as a technique has been defined ms the
means Or process of sepsration of twe or more minerals if
they differ from each other in such a way that one con-
tains a subsbtantlial amount of a particulsr metallic ele~
ment or acid ion which is absent in the other. At present
differential flotation of sulphldes has been substantielly
conbrolled, but this 1s not so in the reglon of non-sul-
phide group. The selective flotation of non-sulphide
minerals depends largely upon the floatsbllity of the asso-
clated gangue minerals, whereas often in non~sulphide
Plotation, 1t malkes little difference which minerals are
floated and which are depressed; penerally only & separa-
tion 1s sought.,

The carbonate minerals ag o c¢lass form & distinet group
of non-gulphlde minersls: In certain cases they have been
floated individually from the silicate gangue without any
trouble, but in combination with other carbonates,; they
behave more or less in the same way towards the ordinary
flotation reagents; therefore, their separstion becomes

extremely difficult.

As more snd more complex ores are coming into the mar-



ket, and heavy metel carbonabes, in some cases, are becom~
- ing the potential ore reserves of certain metals, the know-
ledge of the relative floatebility of carbonate minerals 1s
beconing more and more important ffém the polint of future
pconomy. On the other hand, existence of a comblnation of
two carbonates may completely ruin the ore valus of one
carbonate unless 1t is separated efficlently from the
other. The existence of caleclte as a gangue 1is a common
occurrence in non-sulphide minerals, but the removal of 1t
18 a difficult problem when caleite exlsts in combination
with other carbonete ores,

This thesig presents the results of tests carried out
to determine the differences in floebabiliby of different
carbonate minerals and also to study their behavior with
respect to the heavy metal oxide sols like aluminum sol in
comparison with the other conventional depressants.

The carbonate minerals in general can be divided into
two groups on the basis of thelr inherent chemical echarace
teristics: (1) heavy-metal carbonates like cerussilte,
siderite, ete., and (2) alkeline-earth carbonates., Gener-
8lly heavy-metal carbonates behave much as heavy-metal
oxides do and s0 requlre careful treatment for effective
separation., The fundamental diffieunlty is considered to
be in producing ions of the metal at the particle surface.
The alkaline~earth metal group is»mainly importent smong
Industrial mineraels in the cement, paint, refractory and

sllied industries, The flotation of the members of this



group is universally affected by soap or fatty acid rea~
gentss, The whole problem of carbonate flotatlon can be
looked upon from two standpoints, viz., the first con-
nected with pure beneficiation of s particular carbonate
from a mizxture and the second to find out a method of

control by which they could be selectively depressed.



Developmenbs in Flotebtion Practice

According to Taggart (17), all dissolved reagents,
which in flotation pulps, elther by action on the to-be-
floated or on the not-to-be-floated particles, affect
their floatability, function by reason of chemleal reac=-
tions of well recognized types between the reagent and the
particle affected.

Wark and Cox (20 have tried to explain the princi-
ploe of collection and activation In the light of adsorpe
tion phenomencn of the molecular species at the interface
without giving much consideration bto the stoichiometric
relation of the reacting substances.

Dean and co-workers (3) postulate a detergent theory
of Tlotation. Agcording to them surface-active resgents
pregerve, cnhance, create and sometimes desiroy water=
repellant film, thereby influencing the flotatlion behavior
‘of & particulsr mineral,

Sun's work {15) on cataphoresis has shown that the
getivatlion and floatability of minerals can be interpreted
to gsome extent by means of the zeta~coefficient.

Speaking sbout the mechanlsm of colleetion, Taggart
(18) considers that collection involves bringing about &
precipitation resction tetwedn the collector and the min-

eral, The function pf the sctivetors is to react with the



mineral to be [loated, in such a way that the resultant
salt, forming the modified surflace, will react with the
collector to form an adherent water-repellant film. In
case of depression, the nature of the collector should be
such that either it must not react with the mineral in
gquestion or any reaction product of 1t, or, even 1if there
is any reaction with one of the ions of the particle, it
must produce a reaction product that is not & substen-
t1ally insoluble compound. Another way of achieving the
desired result is to allow & third substance to form s
compound with the particle surface less goluble than the
reactlion product of the collector with the unaltered parti-
¢le surfaee.

Rogers (14) defines sctivatorsw ith respect to any
particular collector as Inorgsnle anions or cations that
so alter the surface of a minersl that 1t cen be floated
more readily by that collector. The actlion of these lons
on the minseral is not dependent upon collectort's belng pre-
sent, and they are generally absorbed upon the surface of
the minerals. From the experiment on quértz, Rogers has
shown that there must be more than a certain amount of
sctivetor on the mineral surface before the latter will
respond, if at all, %o & given collector, The adsorption
of metallie lon on quartz has been found to be by partial

replascement of alreasdy adsorbed hydrogen lon,



Progress in Carbonate Flotation

Gaudin {5) in his book on flotation has said that
it has been found impossible to separate cerussite from
the carbonate of the alksline earth, mangsnese or iron by

the use of fatty =clds or socaps. When xanthates are

used &8s collectors, the floatabllity of the carbonate

of lead, copper, and zinc decresses in the or&;r named.,

Though individuglly different carbemates'diaplay dirfer~
ent reaction to rlgtation with soasps, the f{lotation be~

havior of a mixture results in thelr simulisneous lota-~
tion.

The condltions for the separation of one carbonate
from another are: (&) ﬁhe collector to be used must form
& much less soluble compound with the metal ion in one
carbonste than with that in the other, and (b) sepsration
can proceed only at a py that involves no substantiasl solu-
tion of elther carbonate. The great importance of py
change on the flotation of calcite end also on the flota=
tlion of most polar non-metallics la evidenced by the fact
that any increase in py value will necessitate an increase
of the fatty anions for successful separation., Too preat

an alkalinity will inhibit calelte flotation with soap.



With lower fetty acld, the tendency of csleite to float is
less. The flotation property of rhodochrosite being simi=-
lar to that of caleite, py value has great effect, and the
most favorable range is considered to be 7.5 to 8.

Chromates and phosphates are sald to form inaoluble
coatings at the surface of cerussite and to a lesser ex-
tent at the surfece of malachite. There are possibllities
of using these reagents for inhibiting the lead carbonate
flotation., Certaln other salte whiech form colloidel hy-
droxides, ocen bring depression of caleclte in fatty acld
flotation,

Hergt, Rogers, and Sutherland (8) report that the
depressant sction of ferric salt has been reslized in the
flotation of cassiterite at Py velue bebtween 3 and 8, and
the probable explanation 1s considered to be the existence

of eolloldal hydroxlde.

Colloidal Depression

The non-selective propertlies of the fatty acid col-
lectors have forced the use of selective depressors for
seperetion of non-sulphide minerals. Colloidal substances
constlitute the most widely known ¢lass bf depressors.
They function in flotation in two ways: (1) forming
watery surlace coatings which preuént the flotation of the
mineral particles and (2) causing dilspersion of the mineral

particles by attaching to thelr surfaces elsctric charges



of like polarity. Colloid substances may act as either
unchanged surface coatings or electrically charged dispers-
ing agents., This class includes metal-silicate gels, tan~
nin or tanniec acid, mebasl-hydroxlde sols, staerch, md
sodium silicate.

Considering the behavior of certain metal~hydroxlde
sols in flotation, the following facts are worth noting.

It is generally known that substances wh;ah have an ex-
tremely low solubllity can easily form a stable colloidal
gystem. The exlistence of a colloidel system 1s slso high-
1y supported by electrokineties., Usually in the ranéa of
go-called electrical neuﬁrality, a collolidal system becomes
ungtable. All ataﬁle lyophoblc systems contaln particles
which possess some electricael charges. The charges may
arise elther (a) by the capture of an ion or (b) by direct
ionization.

Moat organic materials form negatively charged colle
olds wlth water as the dispersion medium. The complex
bases and metsllic oxldes generally form poaiﬁively cherged
sols in water. The nature of the positively charged
micelles has been illustrated by Garitner (7) with the
example of ferric hydroxide. The compogltion of the parti~

cle may be elther Fe(0H), Fe(aﬁ)ﬂ 0H or
R 4 X

Fe(0H) Fe(Cl), Cl, where X and ¥ may represent cone
Y X

tinuvous numerical series, varying over relatively wide

range, l.e., not in stoichiometric units. In the first



form, the charge 1s by direct lonizatlion, but in the second
case 1t 1s due to the ionization of the ferric chloride
which has been absorbed by the ferrile hydroxide.

According to Weiser (21) alumina or ferric hydroxide
sol particles maintain thelr charge by the hélp of the go=-
called double layer of loniec bond, Now as opposite elec~
trical charges neutralize esch other, positively charged
colloid systems are flocculeted by the addition of nega~-
tively charged colloid systems. The @ffaet which 1is ob=
served upoh the addition of an electrolyte 1s the joint
offect of atsbilizatlon, brought about by the like charged
ione, and flocculstion produced by the ions of unlike
charge. Welser has trled to show that the mechanism of &
coagulation in thess cases 1ls purely an adsorption phenom-
snon. In bthis repsect, he has found that there is a great
similearity in the behavior of alumina sol amnd ferric oxide
s0ol, when subjected to the action of neutrasl electrolyte.

Now, &8 in the case of poslitively charged sols,
floceulation is mainly aontroiled by anions; the selective
property can only be reslized, 1f st all, by the proper
selectlion of the salt wlth deslrsble qualities. ZIExperie
ments carried out by Welser on aluminum hydraiidé have
shown that the coaguleting powers of the anions are in the
decreasing order of cltrate, sulphate, a#alata, scetate,
and nitrate,

When dealling with a mixture of carbonates of differ-



ant medtals in a fleotetlon pulp, the formation of & depress-
ing sol costing ip somewhat like a slime coabting, and the
possibilitien of realizing s selectlve property by the ine
fluence of metallle flone, as In peptigation, 1s not very
¢leer, On the other hend, as sl the earbonale minersls
do not reset in the ssme way with hesvy metsl salis, solec-
tive wproporty may be resllized fron the consideration of the
solubllity of the different resction products., Another
possibillity L8 that when s slngulayr cerbonete is present

in a mineral, 4% can be flosnted through scol coatling by
flocoulation with sulteble mnions. Considering the inher
ent non-{loatability of the carbonete minerals, there may
bo gomeé wey of fleating one of them by the use of pure
frother, taking scocunt of the fset thet the minersl in
question can be flocculated, if it happens to form a prew
ferentisl sol coating. The fingl selectlon, of course,
will depend upon the efflclency and cheapness of the reaw
gents in comperison with the conventionsl mebtale-gilicntow

pol deprossenlbs.
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shel Property

¥inersls opeeilfic Solublility _ Cryste:
ture Axial Ratio

Gravity  in 100s  “Hiras

Galelte 2,710 5410818%  mhombohe« o=0,8543
$adly dral
Dolomite 2,6«2.9 0,08218%  Tpilephombo- o-0.8322
Cadig{Ch)y hedral
¥rgmealte 3.0-3,12 00,0105 Ithombohe~  o=0,8118
HgCOx dral
G , ;
Rhodoohiro- 3.48<3.8 0,00659% jhombohew 00,8184
gite MnCO3 dral
Strontisn~ 5.60=3.71 0.001138° oOrtnorom- aibie
ite 3rCQy ble «B0%11L37230
Stderite  5.03=3.88 0.07218°  Rhomboho-  e~0.8134
Fa(0x dral
Witherite 4¢.87-4.35 0,02238°  Orthorem~ aibie
ﬁ&ﬁ@a bie : «O08511,730
Cerussite 6.46-4.57 0.0001180° opthorome  atbic
FLC0x bie LB000111.783
PABLE A

Some Fhysiesl Propertlies of the Einerals Tested.



Experimental Frocedure

The minerals tested were cerussite, slderite, rhodo~
chrosite, mapgnesite, dolomite, and witherite. Some of thelr
physical properties are gilven in Tsble A, Some tests were
also conducted on Washington magneslte sample, and sl so on
a synthetlic mixture of fluorspar and calelte, to find out
the e¢ommerciel possibllitles of such seperation.

431 the samples, except rhodochrosite, were mineralo-
gileally pure and erystalline. Synthetic mixtures were made
from separately ground pure mlnerals. Siderite, dolomits,
cerusalte, and witherlte samples were obtained from Ward's
Katufal Secience Estgblishment, inc,,'ﬁeeheatar, He Yo Cale
cite used was from Riverside, California, and the magnesite
from Luning, Wevada. fhodochrosite supply was from Emma
Mine, Butte, Montana. Some stirontlanlite sample for wetta-
‘billty test was obtained from the Geology Depertment of the
Colorado School of Mines,

All minerals used in the flotatlon work were dry ground
in a dise pulverizer to pmes through 65-mesh scroen size.
It was suggested by the staflf of the Experimental Flant
that it has been experimentally verifled that in case of
oxide minerals‘drfw@rinding is equivaleut to wet grinding.
All Tlotation tests were done on 500«-gram samples in a
laboratory-type Denver Sub-A flotation machine.

The principal resgents used throughout the tests, ei-

ther alone or in combinatlion, were naphthenic acld as

12
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collector and frother and a commercial grade of technical
aluminum sulphate as inorgenle depressant. Selection of
these reagents was based on the successful practice of
Bzgic Magnesium, Inc., at thelr plant in Luning, Nevsada.
There naphthenle acid, in combination with sluminum sule-
phate, was found to be a very useful reagent in the sslec~
tive flotation of magnesite from dolomite. The function
of the sluminum salt was considered to be the same as the
depressing gction of ferric sol. As regerds the selectlon
of other reagents, 1t was mostly done to show the differ=
ence in behavior and resulte between aluminum sulphate and
other conventional depressing agents 1llke quebracho, sili-
eic acld, and the like.

tihenever possible, influence of Py variastion was re-
corded to show the effseot of such variation with respect
to some particular reagent. The effect of esch test was
determined by chemiecal snelyslas, and a metsllurglcal
balance was made up to check the andglysis with the head
sample of the mixturs.

As the tests were carrlied out to demonstrate {rends
in the fleld of carbonatve flotatlon rather than specific
possibilities of commercial application, no recleaning of
products was done, Another resson for followling thias pro-

cedure was the limited time avsgllable.

N

Determining Floatabllity

The relative floatablility of the different carbonates



was obtained from the flotation test results carried out

on synthetle mixtures with naphihenic acld slone as a
collector and frother. The results in each case show the
natural tendency of one minerasl to float ahead of the other.
As most of the [lotation bests were carried out on gsynthe-
tic mixtures having calelte or dolomlte as one of the con-
stltuents, some wettability vesis were conducted on dry
mineral samples to bring oult any possible link between the
floatability of a mineral and lts other physlcsal propertiaaf
These tesis were carried out as suggested by Mr. Patek (1@)
in his teat on silicate minara;s.

When wettabllity is expressed in terms of contect
angle ©, which represents the tendeney of a particular 1i-
quld at a particular minersl surface to cohere or contract,
the lesser the vslue of 8, the greater becomes the webta-
bility. In the case of silicmte or oxlide minerals, whioch
are considered normally wetteble, 1t 1lg very difficult to
meagure the contact angles by means of bubble attachment
teats, as suggested by Taggpart. One of the simplest ways
of comparing thelr wettabllity has been found to be by btak-
ing contact angle readings with drops of the liquld on dry,
clean, flat, snd ground but unpolished minersl surfaces in
the presence of airs Though many arguments have besen pu?b
forward againat the exposure of She minersl surface to the
alr during the test, most of the reasonings are worih not-
ing only in caese of sulphlde minerals.

The method adopted to measure the wettsbllity was as

14



followe: Hinersls were ground wedt on a swndatone wheel to
produse a smooth surfase. They were thon ocleaned, {irst
with dlstilled weter snd next with ether, and dried, 4
drop of weter wes placed on the {lat dry minersl surface,
shakten bo equilibrium, snd pholopraphed afbter 2 minutes,.
Pleties are shown In Plates 1 to 8. The sngles wero mea«
sured from the photograph with a protractor. The [inael
velue was baken from the meen of the angles mensured atb
both endz of the drop, The vslues of the different sngles
oblsined for dilferent winerasls, btopether with the results
obtrined by floletlion terts, are recordsd in Tsble B in the
decressing ordey of Iloatablllity.

inother serlies of tests as sugpested by Mudd snd Muld
{(2) wes conducted b0 detormine the reolative wetiability of
mineyal particles. This methiod suggested the use of mline
eral partlcles suspended in water end placed on g microw
scople slide. 2 drop of oil wes ploced near the waler
drop, and the movement of the ollewaber boundary wes siude-
led under 2 microscepe in deri-field 1llumloation alter
placing & cover sgllp over the cormbinetlon, The progress
af the oll-waber interisce ithrough the particles, with or

without distortion, and the existonce of the peritlcles ine

slde the oil phese, with or withoudl any waber Illm attached

to them, pave o sound ildea of the webbablllity of the mine
erals, consisbont with the resulis cbisined Ly the other

mathod.

15



Contact Aversage Floatabillity

Minerals Angle Conteact According to
Heasured Angle Float Test
Magnesite 83,85° 64° Magnesite
Rhodochrosite 58,629 60° Rhodochrosite
Caleilte 54,68° 55° Dolomite
Siderite 55,570 589 81derite
Witherite 51,49° 50° Caleite
Strontienite 45,51° 50° Witherite
Dolomite 45,48° 47° Strontianite
Cerussite 2@,300 2o° Gerussite
TABLE B.

Relative Floatabllity.



Flotation Tests and Results

As the whole idea of using naphthenic acid as the
flotation reagent in carbonate flotatlon originated from
the practice of Basic Magnesium, Inc,., on Nevada magne~
glte, the first serles of tests was carried out on a sam-
ple of Washington magnesite. The only difference in the
experimental conditions In thls case was the presence of &
certain smount of tale in the sample. This was removed by
floating it ahead of magnesite by the use of aloohol.

Test results are recorded in Table 1, Hesults of this test
definitely proved the usefulness of naphthenic acid imcar~
bonate flotatlon and slso the depressing actlon of sluminum

sulphate on calcite.

Tests on Magnesite-Calcite Mixture.--4 synthetic mix-

ture was made of'pure magnesite from Luning, Nevads, with
calcite from Riverside, (slifornia, in the proporiion of
5:1. In all tests, belfore any other llotation reagents
were added, test pulp was conditloned wlth aluminum sule
phate for five minutes, except in case of Test 1, which
wgs used to determine the naturel floatability of the min-
erals with résp@ct to pure naphthenle acid alone. The pg
readings were made c¢olorimetrically. Experimentsl resulis
are reported in Teble 2. It was qulte apparent from the
test results that normally, with naphthenle acid, there
was a natural tendency of the magneslte to float shead of
calcite. This tendency haees been found to be accentuated

by the =addition of calecite depressants llke aluminum sul-



phate., As regards the influence of pﬁ control, lowering
of py by the sddition of sulphuric scid helped to produce

a better grade of concentrate.

Tests on Mapnesite~Dolomlite Mixture.--4 synthetic mix-
ture was made of the pure Nevada magneslte with white erys-
talline dolomite. Five minutes caadit;oning time was
ailowed in each case us before, except in case of Test 1.
py readings were tsken as usual. Results are reported in
Table 3. From the expsrimentcl results, it was found that
under experimentsl conditlions dolomite behaved more or less
in the sanme way 88 calelte aitb respect to marsneslite, but
the depression of dolomlite was a little more difficult than
that of ealclte. In snother group of tests with dolomitew
caleite mixture, 1t was found extremely difficult to separ-

ate dolomite from caslelte by {flotation.

Tests on Witherite-Dolomite Mixture,--A synthetic mix-

ture was mede of the pure crystalline witherite wilth dolo-
mite sampls. Conditioning time was 5 mlunutes s belore.
Test Wl was made wlth nsphthenic aecld alone. Test W2 was
made with ferric chloride to bring out any possible dif-
ferences in 1its depression actlon as compared to that of
aluminum sulphate. Test resulds ars recorded in Table 4.
Quite contrary bto expectation, dolomite floated ahesd of
witherite even with pure naphthenic acid. This tendency
was also found Yo be inereassed by the use of either ferrie

chloride or aluminum sulphate. Experimental results have

18



2lso shown that, so far as the depression of witherite 1isg
concerned, ferric chloride iz a comparatively weaker rea-
gent than sluminum sulphate. High insolubllity of barium
gulphate might have some influence on bringing out this

type of result,

Tests on Cerugsite-Calcite Mixture,-~A synthetlc mix-

ture wes made of pure cerussite sample wilith crystalline
calcite in the proportion of l:i4. Flotation was first
tried with naphthenle acid and then with s combination of
both nsphthenle meld snd aluminum sulphsate, but in both
ceses there was practically no flotation of cerussite.

Even calelte, exceppt for & certslin amount of slime, could
not be fNloated from this mlxture. OCther reagents, llke
olele acid, have slso been tried, but with no success.
Tests C2 and C3 were carried out by the process of sulphl-
dization, using sodium sulphlde and xsnthate sz the Tlota-
tion reagents, in presence of elther naphthenic scld or =
pure frother like cresylic aeld., Results are recorded in
Table 5. From the experimental results, 1t was gults
apparent that, wnder the experimenial conditions, cerussite
was totally ineri towards normal fatbty seld reagents., Sul«
vhidizing was found to be the only meens for the succesaful

separation of cerussite from cslelbe.

Tests on Ehodochrosite-Calolte Mixture,--A synthetic
mixture wss made of rhodochrosite sample [rom Emme Mine,

Butte, Montana, with crystalline caleite in the proportion

19



of 1:¢. This rhodockrosite ssmple contalned about 10 per
cent insoluble mabterial. 3Some tests were carrled out wilth
the rhodochroslte sample slone,and it was found thet rhodo=
chrosite was very eassily floatable with naphthenic scid.
Hesults are recorded in Tables 6 and 8A. With the mixture,
Test R1' was conducted using quebracho and sodlum silicate
ag depresssnts, to compare the regsultswith those of Test
R2', in which aluminum sulphate wase used as depressent,
Experimentsl resultvs definitely proved the efficiency of
aluminum sulphste. It was also found from the.ﬂthar group
of tests that sluminum sulphsaste acted quite effliciently,
like other silicate depressants, with respect to the in-
soluble materials pregent in the sample. The depressing
power of aluminum sulphate was decreased when sodium cltrate
was added to bring sbout the floeculstion of the asluminum

sol.

Teste on Siderite~Ualeite Mixture.~-A synthetic mixe

ture was made of the pure crystalline sgiderite with cal-
cilte, in the proportion of 3:1l. In this particular mix~
ture, even 65-mesh grihding produced conslderable slime
trouble. Experimentsl results are recorded in Table 7.

It was appsrent from the results of Test 31 with pure
naphthenie acid thet the relative floatebllities of gsider-~
ite and calclte were nearly the ssme, The use of sluminum
sulphate was quite effective in floating the siderite aheasd

of calelte, but & high-grade product could not be produced
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Prom the mixture. By the use of other electrolytes, like
leged nltrate or copper sulphate, 1t was possible to re-«

verse this tendency and float calcite ahead of siderite,.

Tests on Fluorspar-Calclte Mixture,--These tests,

though not wlthin the narrow scope of the originel problem,
wore carried out to lnvestlgate the possibllity of the
practical application of aluminum sulphate to depress cal-
cite., Pure crystalline fluorspsr and calclie were mixed
in the proportion of 5:1, ZResults are recorded in Tgble

. The results show that aluminum sulphete is superior

to other depressing agents lilke quebracho or sodium sille

cate,
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Concluaion

From the results obtalined by the preceding investiga-
tions, it may be concluded thalb, with naphthenic acid ss
the flotatlon reapgent, there 1s a definite individual
flotation characteristic of each cerbonate mineral. Sonme
are easily flotable, and some do not respond to fatty-scid
Tflotatlion at all. Dolomite, beling & complex carbonate,
behaves somewhat differently than other carbonates, as re-
gards 1is wetling property. HNo relation whatsoever hss
been found between the flostability and the densi ty or
solubllity of the different carbonates. It is qulte appar-
ent from the experimental results that the eight minerals
tested could be arranged in the order of increasing float-
ablllity a8 follows: cerussite, strontienite, witherite,
calcite, siderite, dolomite, rhodochroslte, and magnesite.
This gives a rough 1dea of the probabllity of effectlively
separating one mineral from the other, when the two are
widely apart in the serles. It iz poasible that on speci-
fic ores or mineral combiastions other promoters, such as
olele nmeld, linseed oll, and fish oill soap used in combina-
tion with aluminum sulphate, might give improved results.
Investigation of these varisbles did not fall within the
scope of the present investigstion.

Comparing the role of inorgenic sols, like aluminum
end iron in carbonate depresslon, 1t is to be sald that,

under experimental condltiong, sluminum sol has been found



to be more effective than iron sol., The flotation of
rhodochrosite from a mixture of rhodochrosite and cale
cite has been found to be feasible, when sluminum sul~
phate, together with naphthenle acld, are used as reggents,
Comparative resulte with other depressants lile tannle aeld
or sodium silicate, have shown that, in all cases, alumi«
num sulphate 1s more useful from the point of view of
overall efficliency. There 1ls, however, one disadvantage
in the use of inorganic scls; thet 1s, these being posl-
tively charpged are usuelly not Influenced by ordinary
electrolytes. 4As an experimental verification of {loccu-
lating phenomenon, sodium cltrate was used in one casse,

snd the result obtained was as expected,

Another iInferesting correlatlion hag been found in
connectlon with the depressing sction of aluminum sulphate,
between the flotation of a certalin carbonete, in the pre-
gence of aluminum sulphete, and the solubillty of the sul-
phate of that metal, sssuming the reaction product in all
cases to be g sulphsbte. When the sulphates of different
metals, whose carbonstes have been tested, are arrenged in
order of Iinereassing solubilidtles, they are barium, lead,
strontium, iron, caleium, mangsanese, and magnesium. These,
except barium and dolomite, are in c¢lose agreement with the
series predicted by the ezperimental results, the metals
forming the more soluble sulphates being less influenced
by the depressing asction of alumlinum sulphate.

The resulis of tesbts on rhodochrosite from Emma Mine,
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and fluorspar-calclite mixture, were very encourasging from
the standpdint of suceessful depression of carbonates ag
well as silicate gangue mineral by means of aluminum sul-

phate.



1.

2.

S

4,
B.

B

7.

Summary

Naphthenle acid has been found to be s good collector,
comparasble to oleic scid in carbonate flotation.
Aluminum sol behaves more or less in the same way as
iron sol, in depressing carbonates. In some casey,
however, aluminum g0l has been found to be more useful.
Compared with other common organic depressanis, aluml-
num sol 1is more effective for good recovery.

Cerusslite could not be floated with naphthenic acld.

In presence of nephthenic secld, each carbonnte shows
individusl preferential flotstion characteristic. When
arranged in order of decreasing floatabllity, they are
moagnesite, rhodochrosite, dolomlite, slderite, calcite,
witherlte, strontianite, snd cerussite.

The preferential action of aluminum sol in depressing
carbeonates, in most cuses, hes bteen found to be con-

trolled by the solubilities of the sulphates formed,

if 1t 1s essumed that the reaction between sluminum sul-

phate end the varlous carbonates 1s a simple chemical
reaction,

Certaln electrolytes (lead and copper salts) have shown

the property of reversing the natural floatability order

of certaln carbonstes when added in the flotation clre
cult, asg observed In the case of siderite-calcite mix-

tures,
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Table I, - Tests on Washingbon Hagnesite Sample

. - e
Eetal%urgical ?eaults ngZt
Test pon. - Per cent fror
Ho. Croduct Welpnt insol g0  Cal Recovery PH szm
RoO= KO
e e zz:g = s g SL-C1

Raw feed 100,00 6,02 40.2 &.22

1. Concen-
trate 68,5 4,986 43.2 2.36 73.60 8.2 7%
Tailing 24,85 B8.88 38.9 90.83 23.45 ¢

2. Concen-~
Tailing 24,7 ©6.36 37.24 8.62 22.860 * »

3. Concen- , .
trate 68.0 4,70 42,2 3,72 71.30 8.0 v%
Tallling 25.0 5,08 40,03 6,06 24.%0 ¢

4. Concen-
trate 70,0 B.72 43,0 2,16 76.40 _ . .4
Tailing 23.0 7.64 36.45 5,08 20,60 ~©-1 T4

5. Concene
Tgliling 36,0 B8.48 35.8 98,20 32,00 * -

Heagents Canaumption, Lbes. per ton

Test thenic Alp Tetra-sodium  Starech Silicle Py
Ho. Acid {(S804)3 FPyro-rhosphate Acid
o LSS RS S S LS S TR
lc 0-62 1016 - el hond 8.2
2e Ce4db 1040 - 0.8 - 8.2
3. 0,70 - - 0.8 TFep(804)3~
10.0 8.0
4. 0.45 10.0 1.0 0.8 1.5 840
Se .80 10,0 1.0 0.8 HoS04-2,0,
1.5 7.8
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Plate II - Shewing the shape or a wetter drop on
the rhodochrojsite sample

v

OQWd0T0D ‘NITIOD
STIWIN O TOOHOS OQWIOTOD



Plate III - Showing the shape of a water drop on
the calcite sample#

Plate IV - Showing the shape of a water drop on
the siaerite sample



Plate V - Showing the shape of a water drop on
the witherite sample
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Plate VI - Showing the shape of a water drop on
the strontianite sample



Plate VII - Showing the shape of a water drop on
the dolomite sample

Plate VIII * Showing the shape of a water drop on
the cerusatlte sample

38



1.

2e

Se

44

5.

6.

e

8.

0.

10.

1l.

i2.

13.

14.

Bibliography

Coghill, W.H., and Clemmer, B.J., "Soap flotation of
the Non-sulphides": Am. Inst. Min. Het. ZEng. Trans.,
vol. 112, 1934.

Dana, E.8., and Ford, W.E.,, "A textbook of Mineralogy",
New Yorlk, John Wiley & 8ons, Inc,, 1%47.

Desn, R.S., and Ambrose, FP.M., Us 8. Bur. ¥lnes Bull.
449, 1944,

Del Giudiece, G.R.M., "A study of slime-coatings in
flotation™: Am., Inst, ¥in., ¥et. Eng. Trans., vol.
112, 1934.

Gaudin, A.M., "Flotation®, New York, McGraw Hill,
Iinc. » 1032 .

Gaudin, A.M., "Improving flotetion of nonsulphide
minerals”: Eng. and ¥in. Jour.,vol. 146, pp. 21-25,
Dec. 1945.

Hergt, H.F.,A.,, Rogers, J., and Sutherland, K,L.,
"Principle of flotation of cassiterite™: Am. Inst,.
Kin. Met. Eng. Tech. Paper 2081, Mining Technology,
1947,

Gartner, R.A., "Selected topie in colloic chemistry",
Wew York, Cornell Univ. Press, 1947.

Mudd, S., and NMudd, E.B.H., Jour, Exper. Med., vol. 40,
rp. 633 & 647, 1824,

Nugent, R.L., "The application of the Mudd interfacial
technique in the study of protective protein films in
oil In water emulsion": Jour. Fhys. Chem., vol. 38,
Pe 449, 1932,

Patek, J.M., "Colloidal depressors in soap flobtation":
Inge. and Min, Jour., vol. 135, p. 568, Dec. 1934,

Patek, J.M., "Relative flotability of silicate min-
@?&13"3 AMt Inst. Min, Het. E;ngt ‘rl’mﬁ., vol. }.12’
pp. 485-508, 1934.

Ferry, J.H., "Chemical engineers handbook", New York,
McGraw K11l Book Co., Inc., 1941.

Rogers, J., and Sutherland, XK.L., "Principle of flota-
tlon-activation of minerals™: Am, Inst. Min., Met. Eng.
Tech, Paper 2082, Min. Technology, 1947.

39



15.

16.
17.

18.

19,

40

Sun, S.C., "The mechanism of slime coatings": Am. Inst.
Min., Met. lng. Tech. Paper 1580, Min. Technology, 1943.

Sun, 8.,C., and Gaudin, A.M,., "Correlation between behav-
ior in catephoresls and in flotabgon"z Am, Inst. Min,
Met. Eng. Tech., Pegper 2005, Hin. ieohnalegy, May 10486,

Teggart, Taylor, and Inece, "Experiments with flotation
resgents™s Am. Ingt. Hin. Met. Bng, Teech., Paper 204,
Min. gﬁaﬁhﬁal@gy’ 1930, ’

Taggart, A.F., "Mineval flotastion", Colloidal sympo-
sium, Nonogrsgh, vol. &, 1931,

Tagpart, &.F.,““Eandbock of minersl 2ressing", Hew
York, John Wiley & Sons, Inc,, 1945,

Wark, I.W,, nnd Cox, A.B., "Prineiple of flotatlon-con-
ception of adsorption applied to flotation™: Am, Inst.
Min., Met. Eng. Trans., vol. 134, 193%.

Welser, H.B., "Coapulation of sols by electrolysis":
Jour. Fhys. Gh&mo, vol. 38, p. 368, 1831l.

Metallurgical Report on Concentration of Luning, Nevada.,
Magnesite: Experlimental (re Dressing and Metallurglcsl
plant, Colorado School of Mines, Goldsn, Colo., OCTOBER,
142,



