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IHTRODUCTION

The growing need for high-grade concentrates renulres
the intensive exploitation of all the ore bodies from which
such concentrates can be obtalned. The exhaustion of the cld,
rich ore todies has focused the attention of the mining com=-
penies on the low-grade orss, which are more comrzon and con-
tain remarkable amounts of the elements so essential to mod-
ern industry,

for alrost half a century the [lotation processes hove
proved ihelr eificlency in the concentration ol many metalllc
and nonmetallle minerals. Like many cther processzes of revo-
lutionary impeortance in the technical development of the mod-
ern industry, the [lotatlion techniaues are nct the creation
of armchalr en ineers or research physicists. Just as for
many othoer old technioues, rational researeh to explain the
mechinlism of the phenomena rozultling in the processes of
flotation has only recently besn undertaken. Though the re-
sults ¢f this rezearch are at pregent far from oble to glve
a satisfactory explsnation of the phencmena Invelved, at least
thoy have ghown thst the mechanlsm of collection denends upon
ceveral physical verlables,

Ternperature ceers to be one of the least understcod of
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these varlables,

Very likely the influence of terpercture cn flotatlon
wes Tirst oboerved hy an othservant fleotstlon operator rather
then by & researcher or o phyclclst. The varying officlency of
plents treating the ssme sineralsc hut located in reclons choue
Ing strong dlfferences in thelir climates, must have certalinly
puzzled the more nlert mineral-drescing engineera. The pecullnr
changes in the efliclency of the zame plant with the clunge
in sexseon probably have rroduced nore than one prohlem for Lhe
LOANGEer.

The fcregoling clircumstances are probably the cause of
the heot-trestment techninues already adoplted by certaln plante
on o rotoner emnirloal bagis,

The cdeavelopment of the podern theorles of z01ids, the
refinconent of the undarstanding of the surfrece phenorena, and
the use of rodern tschni~ues v»4ll be useoful tools by meons of
which the rosenrchers wllil bhe ohle to corpretiond and to fore-
malate a theory capable of @xpininlng thece phenorena.

The aim cof the suthor was not o receurch invelving all
the vost fmportont rmincrcls and all the nown respents, for
such a problem would have apread over an unreasonably large
area, Nor was the objlective to include all of the fundosomtals
involved, wiilch chvicusly would require the texthcokenlzed
develorrment of on scceptable theory of flotation, which at
this date does not yet exist,

The experinents vere 1iritod to olx orgs -- a fluorspoar

ore, o ronganese oxlde ore, two zine ores, and two lead ores =~ ond



tc a limited nuxber of reagents chosen among those most cur-
rently used in flotation practilce.

The experiments were carried ocut at different tempera-
tures, with all the other flotation variables neld constant,
as shown on the followlng pages.

The first part of thils paper is devoted to the review
of the leading hypotheses of collection which are most gener-~
ally accepted at present and to the develcopment of 2 basic
hypothesls concerning the effect of temversature on collec-
tion.

The second part of the paper 1s a detaliled report on
the tests performed and on the observations regarding them.

The third part of the paper presents the conclusions drawn
from the znalysis of the exnerirental results.

The paper 1s presented under the followlng main headings:

Collecting Power and Temperature
Experimental Work

Conclusions

e



COLLECTING POYER AND YR PLEATURE

Three Maln Hypotheses on Ccllecter-Coating lechanism

wver since flotation'haz tecomne one of the rnost irpor-
tant wineral beneflcistion procecses, & nurber of theorles
have been proposed 1o explaln what AUﬂ‘*n from the roment
in which the mineral enters in contact with the different

agents to the time at which the concentrate-vearing froth
is reroved from the last [lotation cell,

The leading Ltypolheres whiclhi ore mest generslly acceb=
ted at present are the cherilcal-reaction hynothecls, the
"1onic" adsorption hypcthesis, and the "neutral rolecule"
adsorption hyvwothesis.

Tne cherdcul ~reaction hypothecis 1s steted as folliows
by Tazzart, Taylor, and Knoll &/: " A1l dissolved reagents
which, in flotation pulpc either by action on the lto-be-ifloated
or on the not-to-be~floated particles affect their floatahil-
ity, function by reascn of chenlical reactlions of well recog-
nlzed types between the re.gents and tho particle affected.”

o
The "icunie" adsorption hypothesis propoced by Verk 2/

and suprorted by Caudin ﬁ/ hae been stated by the latter as

follows: " A1l lons discolved in o flotation pulp licuor



i

ads~rb at mineral surfcces. At each winecral surface, the ad-
sorption of each dicselved ion 1s specifie; l.e. 1t depends
upon the dlsrolved lon and uvon the mineral; thls specific
lon adscorption 1is slso a function cof the corcentratlion ol the
dissolvad ion under consilderation and of that of other dig=-
solved lons., If and when a2 suflicient proportion of the mine
eral surface ls covered by the effectlve coilecter lons, the
particle hecomes flosztable.”

i)

The theory of " neutrsl rolecule adgorptlon advanced

},
ty Cook ﬁ/ asserts that " only the adsorvtion of neutral
collector rolecules wlll render a surfazce hydrorhobic and
cipable of adhering to cn sir bukhle, The adscorpticon of lons

in »eirs to cecupy adjacent surface sites ls regarded, 10 it
znould oceour, 4o be equlvalent to moleculsar adsorption. In
general the ITree zcid, (HK), ferred by hydrolysis of the col-
lecter =2alt, will be the ollectlive anionic coileeting azent,
and. the free base, (RC0H), sirilorly formed, will be the ef-
Tective caticonic collector.”

The cherlcal resctlon theory 1s at prezent the object
of estrong eriticism, particulsrly by Wark and Cox 5/. Thelr
rain obnjection 1s that sorme of the szlts which, according to
Tapzart, the collector fermsg with the clements of the nineral
are not Iformed when the same collscter 1ls mede to react with

the some elements not assembled in the crysia line structure,

The adsorption thoory ceems to bhe closer to the physi-

Q
o
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slity; furtherrore a rather satislaclory explaznation

-

tne effects of tewrpsrature on flotation can be obhitained by



adopting it.

Adserption and Temperature

According to the modern physico-chemical viewpoint é/

" the surface of a liguid 1s in & state of strain or uncat-
uration, and that of a solld has, similarly, a residual fleld
< fofce; there will consecuently be a terdiency whilch isg ul-

timately responsible for the phenomenon of adscrption” and
" 4t ia very orohable that sdsorntion occurs on 21l suriaces.,”
mxoerimental works hiave o
and ternerature produce renurksble varlaticns of the extent
of adsorption and that adsorpntion 1s related to the charac-
terictlies both of the adsorbent and of the zdsorbate.

% Lme been nccepted
rein types of sdsorption of
¥nown ag Van der Vaals adscorptlon, involves forces of a phys-

" discuassed by F.

iecel nature, sueh as the "dispersion Torces
Londeons the second tyre lnvelves attractlons analoszous to
valence.

Von der wWaals adscrptlion 1ls characterized by relatlvely
small heats of adsorption and by the fact that the ecullibe-
riun bvetween solld and gos 1z reverslble,

The second type of odscrptlon, called chesisorption bhe-
cause 1t invclves forces of a chewical nature, occcurs espe-
clally at nlgher temperatures, The fact thoet the {orces are
slmllaer to those concerned in chemical conbinatlion iz Indi-

ceted by ithe heats of adsorptlion, wnlcno are of the order of
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20 to 100 kilocslories per mcle Q/.

i

the supi

the adsorbed gos are thus slpest no strong as those exloting

The ronds forred hetween the raterinl of nee and
in stalle ateolehlomotrie comrounds. tone evidence {or the
view according to whieh chermizorption, nloo eolled "netivated
sdoorption”, invelvee forces of a cherlic:d noture 1o nrovided
by the fact that the adserption 1s often irraversidble,

The odgorptlon procesces for pases on =20llds hinve been
studled mathematioally by mesns of the theory of absolule re-
asgtlon rates Z/, under the assurptlion that the adsorptlon
procese 1o simply o bimoclecular romctlion invelving s rolecule
or atem from the gue phose and on atom of the solld ory in
gonaral, an active point cccupying o fixed position on the
adaocrbing surface,

feaction, lse., odacrptlion, then Invelves the feormation
of an activaled conplex heotween theo gos nolecule and th
peint on the surfoce, and the rate of the procesc ip glven
ty the rate of possape of this complex over o potoentinleeoners
gy boarricr, The heleht of the harrier 1z, of course, tho one
argy of activation for adsorption,

Tho baole Torrula for the roesction rote is

T;-‘
o, H - - oy . .
& 78 h ST,
N (&
wheret
¢ 1z the concentration in gne phose

C, a the concentration of zdsorptlon centers:



£* is the conplete partition funciion for tie actlvated

complexed
o renresents the crrplete partitlon function Jor unlid vole

urne of the gos undergoeing sdoerption

by iz the complete puriition function for the adscrpliion

i)

aenters;

Xk o the BEoltzromnt's constant;

=

ig the Planck's constant;

= represents tho energy of activatlon for adsorptlion per
single molecule at the zbsoliule Zoro;
T represents the sheclute tompersture of the ayotem.

Purther cosumptions on tho kinetle state of the adzore-
bted larers ollow & rore spcelifle staotorment of the partitlon
function invelved.: The preceding analytical sxprecsion of
the rate of adserptlon 1g baosed upron the fect thal the adsors
boate particles are in the gocecuc sinte helore cidsorptlion and
furthermrere that the surface of the solid lo porfectly uni-
form,

In the apeeifie case of the problenm we are referring to
& ]

ok d
::34

rolecules are In 1icuid phose sand the zolid surflaces are
far from belng undiorm, Very illkely, the.efore, the offects
duc to the lrregularity of the ourlace and these acoompanying
the existence of 2 licuid phase wake 1t irpousible to use
Fouatlion 1 Tor guantiiatlivye work) noverthseleps the irporiance

of Hauatlon 1 dopends upon the fnet thut 1t shows the impore

tance of terpersaturo on the accoleration of the odsorption



progesses when the onergy of cotivatlion o 4s not neglizgd le;
nd therse 1o no reason to provent us from assuning that on

esuntion of the type

%
et
—

o

V = f(&"&., by Cg sasnyg

hnlds for sdsorpileon fror lloulds,

ot

,,
)
t

nfor un“ﬁalj, an ecuation of Lype 2 s not yot boen
&1“COV®PQG, as far as I know.

Cock and Laost in one of thelr vapers &/ have used on

eaustion substoantlally esual to Fouantlion 1 ao one of the starte

ing peoints for thelr theory of the collectlon mechwonisn of
olole acid on Ilucropor.

The experiments carrled out durlng the prosent resespch
ond decceribed later, were undertaken to chow the offeet of
terperature unon the collecting pover of o certeln nmunber of
rerpents in roezspect to a ¢ertaln nuwboer of rinerals,

The btasle oosumption hins bcﬁn, in Line with the itheory
»i Last and Cook, that wheneover it 1z ressonohtle to bolleve
that the collector-conting occcurs ss on adoorntlon phenomencon,
then the effect of torporsture must e roasoriable, in agree-

mont with the dlmonaionsd FBrouatlon 2.

salationahin Detween Cail@?tiﬂL Power of Various Hearonta and

Zemperaturs

1} Satty Acids

In o porer of Tundarentel inportance In regoerd to the

explonation of the phenorena involved in flotation proseuces,



wileh opoeared in 1027, A Goudin ﬁ/ deccribed the results
obtained by a serles of tests carried out on galena wilth
lauric cecld, with =« constant arocunt of reagent and at Gif-
ferent temveratures. The tests showed conclusively that this
zeldld 1s a sztlsfactory rezgent when used at lemperatures a-
bove its rmelting point, and thuat 1ts efficlency inereases
with temperature.

Unlortunately the paper does not specify whether the ore
was a synthetic one cor, il not, what kind of gangue was asso-
clated with galena, No explanation was given by the author,
but the exarple was glven to deronstrote the fallacy of the
view of other suthors =ccording to whom the success of the
fatty =zclds as collectors sheuld depend upon the presence or
zheence of the double bond Iin the molecules of the ITatiy

*

cids.

&

In a paper which appresred 26 years laoter, in 1953, R.T.
ikl and Q.Vartliaznen 2/ of the Institute of Teclmolegy of
Finlend rerorted the result of a prelirinary investigation
of the coilecting effects of variocus fatty aclds as follows:
" The ecolleeting power of fatty acids used in flotatlion in-
crezases with incrensing unssturation of the hydrocarbon chain,"

The twe statepente, one by Gaudin and tne other by the
Fismish researchers, are azppurently not in contradiction,

but en intoresting cuestion is whother tle increcose of ccllec—

}.h

ting power produced bty terperature is or is not reloted to
the unszturation of the hydrocarbon chaln,
A clarification of thils point might obvicusly throw new

lizht also on the tasic problems concernling the collection re-

10
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chanism.

The flrst thorough rezeurch on the effect of tempercture
on fatty-acld flotatlon was successfully carried out by Cock,
Last, and collaboratcers, and the results were repcrted in the
previously clted paper é/.

In this paper it was chown that by the arplication of

wo new technlaues both invelving hect trestment of the con-
diticoned pulp, far better results thoan thoce obtalned by the
conventional technicue were btrought about.

some flucrspar flotatlon plants are at present pre-heat=-
ing the collector-conditioned pulp by injection of steam into
tanks.,

2) Xanthates

The effect of temperature on flotation 1ls reported in a
general manrer in the texthook of I.W.Wark g/. Fest of the
research work pertalining to the effect of temperature on xan-
thate collectlon was performed by Wark and Cox.

Their resesreh was nmostly concerned with fundarentals,
but its conclusions wsre slso of great interest for prectical
ayplication.

According to the ashove-renticned cuthoers lQ/ "over a com-
peratively linlted range it hnos been found that temnerature
has no effect on the value of the contact angle at a galena
surface” .

The asuthors explain thls result hy the fact thot the

contact angles depend upcn the temperature coefflcients of

surface tension, which are usually small &L/,



It 15 interesting to oboerve that for a long time

collector coating of galens with xanthote hus teen recog=

nized os cherileal resotion end setuslly hes constituted
one of the stronghelds for Taggort's cheslcal tnocry of
fletatlion i .

The faet that an sdsorpitlion theory hos been proncced In
erdor to explalin the phonorens invelved in the collector
cooating mechonlar does not necescarily isply that the collec-
tion lo slways baslcally an adsorption phenomenon; on cute
standing exceptlion mipht be thils one of ralens.

At the tire of the present researceh 1t has not yel hoon onw-
z-llohed whether or not temprnroture hnsg “ny offect on galons
flotation with xanthotes,

In o subperuent puaper ;é/é stuldy was nade by Wark and

Cox of the influence of terperature on ndsorplion of xontinte

)

sencpyrite, ond

»

at curfucea of galenn, sphilerite, pyrite, or

chnleoryrite, smd on tioe offocts of slkall, cyrmnide, and cop=-
per sulphoate in indering or proemotling «dsorrption, The deovel-

eprent ol o Jelinlite alrwwster-plneral contoet angle weas

used Lo Indleaste the adaeorption of o xanthate film on the mine
rol surfoce,

Aronz other racults 41t woo found that (1) the condi-
tione oot foveravls for flostling orhalarite avay from pyrite
are low temperature, low xonthote concentration, snd 1f low
terperature 1o irproetiesble, = norrow ronge of pll viluen,
whiah for the ceonditions uned was notween & und 33 (2)

differentistion between the tensvior of apnclerite and pyrite



when using oryl xanthate in a circult contalining cover sul-
phicte and cyonide is ruch diminished as the termperature is
rolsed.,

The inlluence of alknlls, ecyunide, and corper zulvhate
on the adsorptlion of the collector mercaptobenzthlazole (Flot-
agen) by the minerals galena, sphulerite, pyrite, snd chalco-
wyrite was investipgated by Wark ond Cox for the two temperatures
10° ¢ and 25° ¢, ;é/. The cuptive-huttle method was used %o
test Tor zdsorption.

Arong other results it was found that (1) in the sbsence
of copper sulphate the minerals reapond to this collector i
the some order that they respond to ethyl zanthzte; (2) in the
presence of copper sulphate there l1ls excellent differentla-
tlon tetween the hehavior of pyrite end asphulerite, and the
results obtalined are tyrlesl of the xanthate type, provided
thiey are ueed in sulitable concentration und ot the correct

termparature.

Mlotation Proctice Utllizing Temperature Control

Very 1ittle hus been written cbout the control of terner-
ature in rsctual flototicn practice.

A rzper by D.RJS1tehell, H.E.Gross, ond H.D.0exler lﬁ/
revorts thot flotatlon wos carvied ocut in o plsnt at Trail,
British Colurbia, with cleic acid and soda ash at 30° C. in
Callow cells for the flectatlion of flucropar cre.

Heol trestment of the collector-trented flucrspar pulp

rrececes Tlcotatlon at the concentrator ol Heynolds Hining
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Company at S5alida, Colorado.

Tagrart lé/ refers to some plants in whilch heat treatment
is applied,

Temperature control is used in the flotatlon of Sphalsrite
at the Resurrection Mining Company concentrator In Leadville,
Colorado,

A article concerning the marmatite flotation at the New
Jersey Zinc Company econcentrator at Gilman, Coclorado, also

states that beth the galena end the marmatlite conditioned

rulps are subjlected to temperature control lZ/.
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Intreduction

Tie research deals with five vilnerals: fluorspar, runga-

-

nese oxide, sphalerite, marmatite, galena,

Fatty aclds and xanthstes were generally the collectors
used: the llectors are epeclifically cited in the descrip-
tion of the Individual experirents, The fluorspar tests ure
dezipndted -1, F-2, etc; the mongunese oxlde tents -1, I=2,

ete; the zinc or te:

o
n

ts Z~l, Z-2, etc; and the galena tssts

m

G"‘l , G""’g 'y f:‘ftG »

g

For covery corlination of minersl and ecilector onc or

rore testes were caorried cut wilthout heat treatment ot about
the tempsrature of Golden tap water; the actual temperature
ls reported in 211 ceses,

The ground and conditioned pulp was trunsferred to 2
contalner, which was elther o four-llter pyrex beasker or an
elght=1liter enareled bucket. The contulner was then placed
on 2 hot plate (Protosrsph 1), and continucusly stirred dure-
ing hesting. A thermeoretsr was continucuczly imrersed in the

pulp.



Thiv syztern hags two disadvantoges, First it is impossi-
ble to gscertain the 1nfluence of the tire (usually sbeut 20
rinutes) nscessary to bring the pulp from the termperature of
tne tap watcr to the desired nicher velue. Regordless of
whetihier the collector=coating mechanism is a chermical rea
tion or 1s sctivoted adsorpitlon, the time of exposure of the

pulp toe heot hns on influence on the rate ol the process in-

ecend, when the temperature of the pulp nears the
tolling solint of water, the cwcocunt of vapor produced is usu-
ally so lerge thol an inercose of a Tew degrees reaulres a

very long time.

Grinding

Batch grinding of the feed for flotatlion tests was gen-
erally performed in lshoratory ball mills. Usually the coni=-
cal ball mwmill shown in photogrsph 2 was used; for a few tesots
a cylindricsl ball mill having the followling characteristics
wag preferred (Photosraph 3) :

Dimensions: 7 x 7% in.

Chaorge: 9.7 kg of cast cteel balls
speedt 90 rpm

For wet grinding, Golden tap water having a pH range

Lo

between 7 ond 7.5 was used; the dllutlion was aslways 1 to 1.

pil leasuremant

The pH of the pulp waos slwesys reasured by electrometric

4

nethod. & portable Beckmann pil-meter was used, snd the camples



Photograph 1

holograph 2

hculgr ph 3
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were olwoys at room tewpersture,

Motation bachines and Jrocedure

Two Fegergsren subaeratlion 600-gram loboratery [lotation
nehines enrulpped with stainless-cteel Thowls with sloping
sldes (Puotograph 4), which ray be cubstituted by class
howls, were used., The froth was raked off by means of sultable

-
b

spatulas ond allowed to fall into enareled pans (Photograph

Ut
[

Fluorspar Flototion Yests

A lorze amount of flotation work hos slready been done
on fluorspar. The study ol the eifect of temperoture on {lota-

tlon of fluo

pt

¥
w

var was purpocely chosen to censtitute the Tirst
seirles of tests., The knowledge already acaulred on this oub-
Ject by other recearchers cerved ng o sulde for the expsrl-
nents repcrted herein.

The ore used wag =z fluorspar ore from Jamestown, Cclorado,

of the follcwing composition:

Insolulle plus sulphldes + ¢ o » o 20,52 &%

T™relve tects were rmade., Three were carried cut without

heating tho pulp; four were perforned by hneating the wet con-

ditloned pulp; tlhiree were performed ty condlticoning the dry

ore with wet rezzents, grinding thle mixture =2t this high

-

-

percentage of sollds and heszt trealtling; two were carriecd out



[
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Grind:

Test F-1
1000 gm of ore
for 8 min in ball mill with
1000 ml of tap water
2.5 1b per ton of sodium oleate

5.0 1t per ton of NaECO;

1.0 1b per ton of Quebracho

Tenperature of pulp: T0° P,

Deslinming:

Heat treatment:

Flotation:

e

w

tage

Rougher

cleaner

. cleaner

c¢leaner
cleaner

cleaner

none

none

condltioning time, 5 min

stages, 1 rougher and 5 cleaners

Addition Froth Removal Time
(1v per ton ) (min)
1.5 sodium olesatle 25

5.0 Na2603
1.6 Quebracho
As in rougher 6
As in rougher 5
0.05 Quebracho

None

Neone
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Tast =1 (cont'd)

Hesults:

Product Welight Ca
(gm)
Concentrate 440
Final talling 105

lst cleaner talling 160

2nd cleaner talling 140
>rd clecner talling >

4th clesner tailing 10

5th clecner tailing 40

Retio of conecentroation: 1 to 2.27

Dercentaoge of recovery: 63.1 %

?"'J ;ﬁ; 2
[ e d
()



Test -2
Grind: 1000 gm of ore
for 15 min in ball mill with
1000 ml of tap water
1.5 1t per ton of olelc acid
5.0 1b per ton of Na.QCO3
1.0 1b per ton of Quebracho

Tenperature of pulp! 68° F,

Desliming: none
Heot treatment: none
Flotatlion: conditiocning time, 5 min

stages, 1 rougher and 5 clsoners

Stage Addition Froth Removal Tire
(1b per ton) (min)
Rougher S 10
1st cleaner - 8
2nd cleanser - 10
2rd cleaner - 8
4th cleaner 0.05 Quebracho 10

5th cleansr 0,05 Quebracho 15
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Cenecentraote 471 3545
Pnal tziling 208 28,7
lst clecner talll
2nd clecncr tailling 24 STe6
Jrd cleaner talling 7 41.0
4t cleaner tailing 3 47,7

5th clerner talling 10 62,7

concentration: 1 to 2,12

ercentoge of recovery: 62,15 4
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Test F=3
Grind: 1000 gm of ore
for 6 min in ball mill with
1000 ml of tap water
1.5 1b per ton of sodlum oleate
5.0 1b per ton of Na2003

1.0 1t per ton of Quebracho

Tempersture of pulp: 67° &,

Desliming: yes

Heat treatment: none

Flotatlion: conditioning time, 7 min

atages, 1 rougher and 5 cleaners

Stage Addition Froth “emoval Time

(1t per ton) {min)

Rougher 0.2 Quebracho 20
1.0 sodium oleate

lst cleaner - 15

2nd cleaner 0.1 Quebracho 17

3rd cleaner 1.5 godlium oleate 25
0.1 Quabracho

4th cleaner 0.1 Quebracho 20

5th cleaner 0.1 Zuebracho 15
1.5 sodlum coleaste



Teat F-3 (cont'd)

Resulis:

Produet W?ég?t GaFg(%§say
Concentrate 270 95.6
Slimes. 90 54,1
Finel tailing 428 5244
1st cleaner tailing 90 4143
2nd clesner tailing 25 49,1
3rd cleaner talling 10 28.2
4th cleaner tailing 25 54,6
5th cleaner tailing 5 44,0

Ratio of concentrationt 1 to 3.7

Percentage of recovery: 40 %



Grind:

Temperature of pulp:!

Desliming:

Hont treatment!

flotation:

Stage

Rougher

1st eleaner
2nd cleaner
3rd cleaner
4th elewner

5th ¢leaner

25

Test F-4

1000 gm of ore

for 8 min in ball mill with
1000 ml of tap woater

2.0 1b per ton of olelc =zeld
5.0 1t per ton of Na2003

1.5 1b per ton of ZSuebracho

32° 7,

none

25 min of heating on hot plate,
5 min of boiling at 202° r,

eonditioning time, 4 min

stages, 1 rougher and 5 cleaners

Addition froth Removal Time
(1v per ton) (min)
—— 9
— 2
——— 2
~——— 2
- 2
- 2



o

Hesults:

Produet

Concentrate

Final teilling

18t clezner tallling
and cleaner talling
ord cleaner talling
4th cleaner talling

5th cleocner toaliling

Hoatlo of concentratlion:

Percentage of recovery:

cot P-4 (cont'ad)

velght Cas

(gm)
600
250

50

12

1l to 1.66

[oXe)

i e 6 ,‘I;
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Test F~5

Temperature of pulp:

Desliming:

Heat treatment:

Flotatlon:

Reocults:

Produet

Concentrate

Final tslling

1st cleaner talling
2nd cleaner tailling
3rd clesner talling
4th cleaner talling

5th cleaner tailing

Ratic of concentration!

Parcentege of recovery:

a8 in Test P-4

80° w,

none

20 min of heating on hot plate,

15 min of boiling at 202° F,

ag in Test F-4

Welght
(gm)

584
2835
49
14
10

1 to 1071
86.3 %

CaF, Assay
%

9546
10.3
15.6
20,0
25.7
21l.2
42.1

[
-3
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Yegt F-6

Temperature of pulp:

Desliming:

Hent treatment:

Flotation:

Results:

Froduet

Concentrate

final tsiling

lst cleaner teiling
2nd clezner tailing
3rd cleaner talling

4th cleaner telling

Ratlo of concentration:

Percentege of recovery:

1200 gm of ore

for 10 min in ball mill with
1000 ml of tap water

2,5 1b per ton of olelec acld
10,0 1b per ton of Na2003

1.5 1t per ton of Zuekracho

30° F.

none

heating to 1679 F,

conditioning time, 5 min

stages, 1 rougher and 4 cleaners

w?é%?t CaFé(%isay
674 96,1
295 Te3
95 21.8
72 49.5
29 524
17 6646
1 to 1.78
83.4 %



Grind:

Desliming:

Heat treatment:

Flotation:

Hesults:
Product

Concentrate

Final tailing

1st cleaner talling
2nd cleeoner talling
Zrd cleaner talling

4th clesrner talling

Ratlio of concentratlon:

Percentage of recovery:?

1000 gm of ore

for 10 min in ball mill with

1000 1l of tap water

2.5 1b per ton of oleic acid

10,0 1b per ton of Na2003

1.5 1b per ton of (usbkracho

none

heating to 140° F.

conditioning time, 5 min

stages, 1 rougher and 4 cleaners

Welght
(gm)

519
292

57
15
20

1 to lcgj
T7.1 %

CalF, Assay
2(2)

96 ¢4

546
2645
524
5247
78.6

oY

pte)
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Henolt treotment:

#lotatlion:

Reoultis:

E PR
EREHE

=3

1000 of

RN
[

cl'e

Ffor 10 min in 7 x T.-in.rod nill with

2.5 1t per ton of clele ocid
10,0 I wer ton of To,00
i ovy

Tuebhracho

145 1Y por ton of

Ce

1 nour ot 1C0C

asdition of water to the
ofter 5 min of agltation, re-

moval of the Troth

no suantitotive results
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Teat ¥-10

Grind: 100C gm of core
for 15 min in 7 x 7%-in. ball mill with
2.5 1b per ton of clelc acld
10,0 1t per ton.of Na2005

1.5 1t per ton of Quebracho

Heat treatment: 1 hour at 110° cC.

Flotation: - additlon of water to the heat-treated
ore and, after 5 min agitation, 1

rougher and 4 cleaner stages

Regultas

Froduct w?ég?t Caf2(§§say
Concentrate 406 92,2
Final tailing 468 45.5
l1at clesner talling 35 40.4
2nd cleaner tailing 15 46,3
rd cleaner talling 12 63.3
4th clesner talling 10 64.4

Ratio of concentration: 1 to 2,46

Percentage of recovery!: 55.6 %
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Test P-11

Grind: 1000 gm of ore
for 20 min in 7 x Td-in, ball mill with
the following dry reagents:
2.5 1b per ton of sodium ocleate
10.0 1b ver ton of NaQCOB

1.5 1b pmer ton of Quebracho
Hezt trestment: 6 hours at 110° C.
Flotation: addition of water to the ore immediate-

1y after heat trezstment; 1 rougher

and 4 cleaner stages

Resulis:

“roduct ﬁ?ég?t Caﬁé(%?say
Concentrates 477 98.1
Final tailing 267 11.2
1st clesner tailing 78 45,8
2nd cleaner talling 31 T1e6
Srd cleaner tailing 51 89.5
4th cleaner tailling 4 TEW3

Ratioc of concentration: 1 to 2.1

Percentoge of recoverys T2.,4 3



Tegt F-12

Urind: g in Test 711
Heat treatment: as in Test F-11
Flotation: addition of water to the ore after

cooling; 1 rougher ané 4 cleaner

stages
Results:
Froduet Welght GaF. Assay
(em) 2(%)
Concentrate 285 96.7
Final tailing 288 20,6
lat cleaner talling 182 49.3
2nd cleaner tailing 92 65.2
3rd c¢leaner tailing 65 T2.5
4th cleaner talling 53 6.1

Ratlio of concentration: 1 to 3.5

Percentage of recoverys 42.6 %



Mansmanece 0Oxlde Flotation Tests

The beneficiation of mangonese oxlde ores 1ls at present
ons of the most difiicult problems in nineral dre-sing. 7o
cdate, no efficlent process for producing a nigh-grade mangsnece
oxlde concentrate has been deviced,

The ore used for the present work was a low-grade, ex-
tremely soft manganese oxlide ore Irom Leadville, Colorado,

having the following composition:

e e » = o » 10 . L" ?;
Insoluble . 15.88 %

*

15 o R . . 28 QOO yi4

R

CaC o+ ¢ » o 005
A 200=-pound sanmple of this ore was comrinuted through a
Jaw erusher and then mixed thoroughly after grinding down to
minus 6-mesh in a coifee mill.
Screen analysis of a 500-gram sample of thls ore ylelded

the folilowing results:

kesh of Lereen Aelght Retained Welght Retalned
(Tyler) (%) (Curulative %)

8 0457 Q.37

10 12,32 12.69

20 24,82 5T7.51

48 25.62 63.15

100 10,82 T595

200 726 81.21

minus 200 13,00



Test M-l

Grind: 1000 gm of ore
for 10 min in ball rill with
1000 nl of tap water
6,0 1b per ton of olelc acid
2.0 1b per ton of Na28105

Tenperature of Pulp: 70° F,

pH of pulp: Tl
Deslining:? none
Heat treatment: none
Flotatlon: 1 stage; froth removal time, 8 min
Results¢
Product Welght ¥n Assay
(sm) (%)
Concentrate 440 26,40

Tailling 507 28,30



Grind:

Temperature of pulp:

pH of pulp!

Desliming:

Heat treatment:

Floﬁaxicn:

Results

Produet

Concentrate

Talling

Test V=2

1000 gm cf ore

for 10 min In bell mill with

1000 ml of tap water

6.0 1b per ton of low polyunsatu-
rated fatty-scld mixture

2,0 1 per ton cof Nag;’:?io3

70° F.

-3
(38

none

none

1 stage; froth removal time, 7 min

Welght In Assay
(gm) (%)
455 26.20
500 317

37



Teat M-3

Grind: 1000 gm of ore
for 10 min in ball mill wilth
1000 ml of water
6,0 1b per ton of high polyunsatu-
rated fattyuaéid mixture
2.0 1b per ton of N&2S103

Temperature of pulp:! 72° F,

pH of pulp: Te3
Desliming: none
Heat treatment: none
Flotation: l stage; froth removal time, 10 min
Hegulta:
Preoduct Welpght ¥n Assay
(gm) (Z)
Concentrate 555 3243
Talling 385 2740

Ratio of concentration: 1 to 1.81

Percentage of recovery: 63.8 %
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Test N~4
Grind: as in Test k-1
pH of pulpt as in Test N-1
Desliming: none
Heat treatment: heating to 200° F.
qutation: conditioning time, 4 min

stages, 1 rougher and 2 clsaners

Stage Additlon Froth Removal Time
(1b per ton) {min)
Rougher e 7
1lst cleaner - 6
2nd cleaner -~ 5
Resultst
o . y e
Froduet ﬁ?ég?t Ln(%;say
Concentrate 425 29.6
FMinal tailing 560 3243
1st cloaner talling 100 19.1

2nd cleaner talling 83 22.4



Grind:

PH of pulp:

Daslining:

Heat treatment:

Flotationt

Stage

Tast MK

1000 gm of ore

for 10 min in ball »ill with
1000 nl of tap water

2.0 1h per ton of oleic acld
4,0 1b per ton of Na2810§
8.0 1b per ton of starch

Te9

none

heating to 122° F,

stages, 1 rougher and 1 cleaner

Rougher

Cleaner

Results:

Product

Concentrate
Final talling

Cleaner tailing

Addition froth Removel Time
(1t per ton) {min)
-— 8
— 5
w?éi?t Rn(%?say

95 26,1
678 26,9
235 25 .4



TP a4 R
LCIT LD

Grlnd: aa in Text I-5

Desliming: nene
Hoolt treatnment: heating to 107Y F.

Flotation: ae in Teot =5

stage Addition Froth Rermoval Time
(1v per ton) (rin)

fougher ~—— 10

Cleaner - 5

Regult

Product Welght Im Assay

Concentrate 125 27 a
final talling €10 2

7
Cleaner taliling LY 55 4



pH of pulp:
Dezliming:
Heat treatment:

Flotationt

Stege
Rougher
Cleaner
Resulte:
Produect

Concentrate

Final tailing

10060 g of cre

for 10 min in ball m=ill with

1000 ©1 of water

6.0 1b per ton of nigh polyunsatu=~
rated fatty acid mixture

4.0 1b per ton of HaESiO

)
8,0 1» per ton of starch

76
none
heating to 122° F.

stages, 1 rougher and 1 cleaner

Addition Froth Removal Time
(1b per ton) (min)
- 8
- 4
W?ég?t En(é?say
710 28.9
120 22 4

lst cleaner tailing 124 2245
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Teat M-8

Grind as in Test M-7
Deslimingst none
Heat treatment: heating to 167° F.
Flotatlon: as in Test k-7
Stage Addition Froth Removal Time
(v per ton) (min)
Reugher - 5
Cleaner ———— 5
Results:
Product Welght ¥n Assay
(gm) (%)
Concentrate 678 29,2
Final talling 151 2545
1st cleaner talling 165 24,0

Ratio of concentration: 1 to 1.47

Percentage of recoveryt 7TO0.6 %

LIRRARY
COLORADY UTHODT, OF MINYS
G T OO 2 AD0



Results:

Product

Concentrate
Slimes

Talling

Test be

\D

1000 gm of ore
Tor 10 rin in ball mill with
1000 ml of tap wvater

5.0 1b per ton of ¥Wa, 310 .

noene

10 win condlitioning with
2.0 1t per ton of hlgh polyinasatu-

rated fatty-acld mixture; 1 stage
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Tect M=10

Urind: 1000 gm of ore
for 40 min in 7 x Ti-in. ball mill
1000 ml of tap water
4,0 1b per ton of high polyunsatu=-
rated fatty-acid mixture
4,0 1b per ton of Na25103
4,0 1b per ton of Na2003

4,0 1b per ton of neutral hydrocarkon

oil
Desliming: none
Heat treatment? none
Flotation: 4 min of agitation after addition of

8.0 1t per ton of starch; stages, 1

rougher and 2 cleaners

Stage Addition Froth Removal Time
(1v per ton) (min)
Rougher - 5
1st cleaner —— 6
2nd cleaner % of fatty~ucid 6

mixture
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Test k-ll

Grind: ag 1n Test 1-10; addition of
3,0 1bv per ton of starch
Desliuning: none
Heat treatment: heating to 180° F.
Flotation: steges, 1 rougher and 2 cleaners
Stages Addition Froth Removal Time
(1b per ton) (min)
Rougher - 3
lat cleaner - T
2nd cleaner ——— 5
Results:
Product Welght ¥n Assay
(gm) ()
Concentrate 515 313
Final talling 200 24,2
1st cleaner tallling 105 20.2
2nd cleaner talling 123 25.2

Ratio of concentration: 1 to 1.94

Percentage of recovery: 57.6 %



Zine Ore Flotation Teats

For these tests a synthetlc sphalerite ore and a narmat-
ite ore were used.

The synthefic ore was made up of 204 of sphalerite jJig
concentrate, contalning 61.2% zine, and 80% sillce. The mar-
watite ore from Gllman, Colorado, contained about TO% pyrite,
12.5% zinc, and ninor amounts of galena, carbonates, and sil-
icates.

Galena flotatlion always preceded the tests performed on
marmatite ore. Therefore, the percentage of recovery was alsc
calculated for the pulp after gelena flotstion, in order to
take into account the losses of mormatite in the galena con-

centrate.

49



Test Z-l

Grind s 1000 gm of synthetic ore
for 8 min in ball mill.with
1000 ml of tap water
1,0 1b per ton of olelc acid

Temperature of pulp? 720 P,

Heat treatment: none

pH of pulp: 9.0

Flotation: 1 stage

Results:

Product Welght Zn Assay
(gm) (%)

Concentrate 93 16.8
Talling 876 12,2

Ratio of concentration: 1 to 1ll.1l

Percentage of recoverys 12,9 %



Terperature of pulp?

of pulpt

b
g,
foa

- - & P S
deat tireatmonts

rlLotation:

Aesults

Yroduct

Concentrate

Talling

Ratio of concentratlon:

Percentage of recovery:

Cim fae

}-;;j

afteor grinding

after addltion of H 50,
o4 he s

atage

Weleht wmn Ascay
(em) (%)

145 19.0
845 11l.1

1 to 6.9

ja



Heat trealneont?

rlotation:

Product

Concentrate
Final talling

Cleaner tallling

Hatio of concentration:

Percentage of recovery:

5 min at 192Y &

35 min of heatllngs on hot plate,

stages, 1 rougher and 1 cleaner

1 1o 16QT

R2UA.64 7

in lAocay

()
50 .4
5.8

3545
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Grlnd a5 tn Test 4-1

Heot trenitnent:

Jesults ¢

Jroduct

Concentrate

Tolling

Aatio of concentration:

Porcentage of recovery!

Ga83

4

nenting teo 1907 =,

Welght il

(zm) (:
210 B3T3
748

1 to 4.70

65 7%



Grind:

Temperature of pulp?

Heat treastment:

Flotation:

Results:

Produet

Concentrate

Talling

Ratio of concentration:

Percentage of recovery:!

54

Test Z-5

1000 gm of synthetle ore

for 8 min in ball mill with

1000 ml of tap water _

1,0 1b per ton of high polyunsatu=~
rated fatty-acid mixture

2,0 1b per ton of Na. Si0.

2 b
72° F,
none
1 stage, 7 min
Weight Zn Assay
(gm) (%)
193 2540
T65 84
1l to 5.18
39.4 %
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Heat trocotient:

Motetion:

Rooulis:

roduct

Concentrate

M 2y Y
Toiling

TRk 8 ; . wrrg b & an
Hatio of concentration

rercentage ol recovery

"128
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2
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85 . 6 3".’2
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Grind @

Temperature of mulp:

Heat treatment:

-~

Flotation:

Product

Concentrate

Tailing

Tect Z-7

ag In Tect Z4-5

Welght an

Ratio of concentroations 1 to .64

e cf racovery

o T N4

I

o(



Grind:

Termperature of nulp:

f S
Hosultas

Ratlio of

T
T

Conecoy

.

i

[
P

concenty

srcantans

»
»
Preduect
wtrate
Ling

y

~

CLorecovery

e o

ation

¢

Toot Z2-0

: 37.0

5
e’




Test 4=9

Grind:

Temperature of pulp:?

Conditioning:

pH of pulpt

Flotation:

Results?
Product

Concentrate

Talling

Ratio of concentration:

Percentage of recoveryt

1000 gm of synthetlc ore
for 8 min in ball mill with
1000 nl of tap water

o W,

T4
5 min with

1.2 1b per ton of CuSQOy

3.0 1b per ton of Cal

5 min with

0.05 1b per ton of pentasol xanthate
4 drops of pine il

10.5

1 stage, 4 min

Welght Zn Assay
(gm) (%)
180 53.7
820 2.7
1 to 5:56
86,3 %
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Test Z-11

in Test Z-9

")
Y3
e
=
jo ]
e
0
4]

£
0]
K
3
o]
U
c
£
i
O

Conditlonings

ifent treatront:

Flotation:

Heaults :

i3
“roduct

Concentrate

Tailing

Ratlo of concentratl

Percentoege of recovery:

heating to 1670 P,

1 stage

1 to 5.05
86,1 7

Zn Acsoy

(%)
5644

1.8



Girind

Hleat treatment:?

Fiotation:

desultbo s

Product

Concentrate

Talling

Hatlo ol concentra

Percentase of recovery:

T -~
Toot 4

(53
[Ea2

tionn: 1

55

wr l"‘;
S

in Tect

Welght

(gm)

140

Lo T.1B

¥

i

11,4

Zin Assay

(%)
48,2

5.1



Grind:

Temperature of pulp!

Condltioning:

Heat treatment:

Flotation:

Hesultss

Test Z-135

1000 gm of Gilman ore
for 10 min in ball mill with

666 nl of tap water

69° r,

none

after galena flotatlon and correction

of pH to 11,0, the followlng recpgents

were added!

1.25 1b per ton of CusSC,

0.04 1b per ton of potassium anmyl
xanthate

4 drops of pine oil

none

1 galena flotation stage

1 marmatite flotation stage

Product Welght Zn Assay
(gm) ()
Galena concentrate 52 14,1
Yarmatite concentrate 197 41.3
Talling 600 1.7
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Darmatite concentrate

Tailing

a

Llercentare of recovery on feed:

Fercentage oI recovery on pulp:

ag In Teot

Test Z-13
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Test Z-15

Grind: as in Test Z-13
Deslimings yes
Condltioning: After gelena flotetlion and correc-

tion of pH to 10,9 the following
reagents were added:
1.25 1b per ton of CuSO4

0.10 1b per ton of potocslium amyl

xonthate

Heat treatment: heating to 167° F.

Motation: as in Test 2-13

Aesultst

Préduct Welght Zn Assay
{em) (%)

Galena concentrate 85 12.7
Marmatite con-entrate 185 23453
Tallling 638 10.2
51limes 90 785

Percentage of recovery on feed: 29.5 %

Percentage of rocovery on pulp: 3443 %



Test Z-16

Grind: g In Test Z~15

Desliming: yes
Conditioning: ags in Test Z~15 but using

043 1b per ton of potassium amyl

'xanthate

Heat treatmentt ag in Test Z~15

Flotation: ag in Test Z-15

Resultsas

Product Welght Zn Assay
(gm) (%)

Galens concentrate 75 14.7
Marmatite concentrate 183 19.0
Tailing 677 10,25
Slices 38 8.9

Percentage of recovery on feed: 27.8 %

Fercentage of recovery on pulpt 3l.4 &

66
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Galena Flotatlion Tests

For these tests a sgynthetic gelena core and a natural
galena ore were used.The synthetle ore was made up of 10%
galena jig concentrate, containing 8675 lead, and 90% clean
washed Clear Creek sands conslsting primerily of lnactive
guartz and feldspar.

The netural ore, from the tri-state district (ot.Joseph
Lead) was constituted of about 15% lead as golona with gangue
minerals ccnsisting primarily of silicified limestone.

The rearents used were pine oll and Aerofloat 3l.



Grind:

Temperature of pulp!

Heat treatment:

Flotatlion:

Resultss
Preoduect

Concentrate

Tailing

Test P~l

1000 gm of synthetlic ore
for 8 min in ball mill with
1000 ml of tap water

66° F,

none

conditlioning for 5 min with

4 drops of pine oil:
stages, 1; flotation time, 5 nin

Wwelght Pv Acsay
(gm) (%)
41 54,3
965 6.7

Ratio of concentration: 1 to 24.4

Percentege of recovery: 356.4 %

€8



Leat treatrment

Flototlon:

Procduct
Concontrate

Tailing

Aatio of concentratlon:

Percentare of recovery:!

hesting o 122

a3 in Test P-1

Welght
(gm)

1 to 14,7

5%

oo
JO Y S0 B

£
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Togt P=3

Grind: ag In Test P-1
Heat treatment: heating to 1549 7.
Flotation: na in Tesgt P=1

Hesults:

Product Welsnht Pb Assa;
(gm) (%)
Concentrate 86 T4
Tailing 903 2.0

Ratio o concentration: 1 to 12.8

Perecentage of reccvery: 64 %



Test P-4

Grind: 1000 gm of St.Joseph Lead ore
for 10 min in ball mill with
1000 ml of tap woter

Temperature of pulp: 68° %.

pH of pulp: 8.7

Heat treatment: none

Flotation: gonditioning for 4 min with

0.5 1b per ton of Na23103
5 drops of pine oil
stages, 1; Tlotation time, 4% min

Hesults:

Product Welght Po fssay
(gm) (%)
Concentrate 22 373
Tailling 957 0.75

Ratio of concentration: 1 to 45,5

Percentage of recovery: 53,6 %
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Toot P-C

Grind s an An Tost P-4

pi of pulp:! HDel

Tt e , e o
leat treatment: heating to 1627 F,

Recsultod

wduet Welsht P Assay
(em) {:3)

3

Conceantraote 28 20.5

by
=
O
.
e

o
7
AN

Betlo of concontration: 1 Lo 45,5

oy «
Percontagse of recoverys 37.4 %
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Test P-7
Grind: 1000 gm of Ht, Joseph Lead ore
for 10 min in ball mill with
1000 ml of tap water

5 drops of Aerofloat 31

l-;j

Terperature of pulp: 62°

pH of pulp: 8.5
Hest treatment? none
Flotation: conditioning for > nmin with

0.5 1b per ton of NagaiOB

stages, 1 rougher; flotation time,6

min
Results:
Froduct Welght Pv Assay
(em) (%)
Concentrate Li 37,3
Tailing 953 0.5

Retlo of concentration: 1 to 27.5

Percentage of recovery: 89.4 %
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AVATICHS

In all the sxperdinents a chonge 1n the spnearance of the

surfuce of the pulp was chseprvsd, usually when the ten-

perature went shove 120° P, Tods chanre was nmarkedly no-
tieeable in fatty-acld flotations, particularly those of
fluerspor and mongonece oxide,

A thlek purple layer of large hubhles was noted on
the fluersper pulp; the forpation of this loyer wos agw
corpanisd by the rise of ithe pulp lovel Cue to steam Tore
mation in the container when the tenperature opprosched
the bolling point of water,

A aimilsr layer, but black in c¢clor, w-s ncted in

ranganese oxide flotation. However, the bubbles were

smaller thon in the flucrsper {lotstion.

The charceteristics of the froth obtaoined after heat
trectrent ~-= namely 1ts persiastence, zize of bubbles, and
wnter centent -~ cre very different from those of the
froth obltnined by normnletemperature progedure., The Iroth
is dry, pmrticularly in fluefzp&r ond wonganoese oxide

Flotation, and the vu les ere ruch finor ond rore unie-
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~ut trectment in fluorspar, asphnlerite, :ndéd manpae
nace oxide flotatlon ssems to produce extranely porelote
ent froths, After many reclesner operations ond frocsuent
oiditlons of ocld water, the Iroth 1o 2till weavily loadoed
with pinerals and zo sghundsnt that no further additions

of collector are needed. This froth characteristic is

porticularly noticeable in fattyescid Clotation,

In xanthete flotation of sphalerite, 1t was noted thot

— o
2t temperatures sround 1507 ¥, the settling velcelty of
the soillids in the pulp 1s much higsher thon thot ot lower

terporstures.,

In‘Test Fel? the fluorsapar ore was ground dry, éonditianﬁﬁ
with powdered roogents, heated for 1 hour, znd then ccoled,
Upon the addition of cold water to thls pretreated ore,

a porsistent heavily laden flucrapar froth formed irmedi=

ately, oven bofore sny sgitetion.

In 2ll teste, the Troth in the P@ugher'mtagw ol Tlototion
wos very dirty ond the hultles were scmewhnl coarse, Dupre
ing the auceesding ctoges the gangue snd ihe poorer nid-
dling particles rrogrecsively dropred cutl,

However, in rougher Tiotation sfter heot trentment,
tho reccovery of fluornpapr was grectly lvoroved. Thla 4s

ovidereed by the foct that the fluorspar content of the
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rougher tailing was much lower than inm normal flotation.
Usually, in these fluorspar and manganese-oxlde
flotatlon tests, two cleanings were enough to eliminate

most of the gangue and low-grade middling particles,

The relatively high slime content of the fluorspar and
manganese pulps seemingly did not adversely affect the
flotatlon after heat treatment. In comparison, flotation
carried out at room temperature gave very poor results,

primarily because of the presence of slimes,
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CONCLUSTIUN S

The heat treatment of the fatty=-zcid conditloned flota-
tion pulps of fluorspar, manganese oxide, snd aynthetic
sphalerite ore zlways produced an increase in the grade

of the concentrate and In the percentage of recovery.

The heat treatment of the xanthote-condltioned Tlotation
pulp of synthetic sphalerlte ore did not produce any re-
markable effect, The fact that one of the experiments
carried out after heating the pulp showed = very nigh
grade of the concentrate (6l.2 % zine) and 2 high recov-
ery (88.6 %), does not exclude the possibility that the
same results could be also obtained wlth careful flota-
tion at normal temperature,

The improvement, 1f any, 1s very slight, and very
careful research chould precede any attempt tc use heat

treatment of xanthate-conditioned spholerlite pulps,

The heat treatment of the xanthate~conditicned flotation

rulp of =2 marmatite ore shows a decresse of both the



31

srade of concentrate and the percentage ol recovery as

th temperature of the pulp incrnases chove T4° 7,

The persistence of tho froth cbtalned by flotation of a
fatty~-scild-conditioned heat-trsoted pulp might be ex-
pl=ined by the theory of Last and Ccok ~&/.

If =2dsorption is the physlcal phenomenon underlying
the mechaniom of fatty-aclid collection, physical
sdsorptlion is very likely to occur at normal temperatures
{around ?OO F.) whereas actlvoted adsorption would cccur
cbove @ definite higher tamperature zand after o dsfinite
heating time. The fact that physical zdscrption occurs at
normal temperatures can be derived from the observation
that after one cleaning more collector 1is needed. This
odditlion evidently has to make up for the collector
wached away from the partiecles., Thlo meaons that collectilon
at normal temperature is 2 revercslble phonowenon.

Cn the other hand, activated wdszorption i1s describved
as taling place at high temperatures and béing irrevercsi-~
ble., The assumption that aetivated adsorption tales place

after hest treatment 1z substentlated by the perslstence

[aw]

of the iroth.
e Incresse in the grade of the ccocnecentrate after the
first clesner sugrests the existsence of » more selective

coliectlion at higher temperstures.
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The retivated adocorption would oceur principally on
the valuable ninersls, whereas the vhysleal odoorption
woeuld cceur on the gangue, which in the tests usualily

contelned high rercentuges of =illeca wnd limestone.

This selectlive adsorptlon cannct be -ntirely attri-

¥

tuted to o different allinity of the same collector to
dirferent vinersls. Zven though & cortaln ccllector un-
doubtedly has dlfferent collecting power for different
minerals, certain factors cannct be neglected.

First, disversants end gongue denressants (like so-
dium carbonate, sodium ziliecate and Quebracho) have a
large influence.

Second, 1f the collecting mechanism l1ls bzsed on ac-
tivated adsorptlion, which is a phsnomenon of the same
tyre as catalytle resction, the valuable minerals, or
the miner constituents of the ores, or the dlspersants

depressants might have such = "poisoning" effect on

2]
£
s
L.

the limestone or silica surfaces as to render imposazible
the occurrence of activated sdzorptlion of fatty-acid
molecules on them. Therefore, the only possible
sdzorption on these gangue particles would be physical
adgorption, and this type of adsorption decreases with

i
the incresse ci terrerature.

tne of the most inmportont =ffscts of heat treatment of the

rulps 1s that, whenever an increase of terperature produces

812
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s lmyrovorent in fletation, desliming is not necessary,
even I the pulp use & hish «lilme content. Desliming be-
comsg undesirarle because of the large lozs of valuable
Qe ,

The harmlessness of alimes in flotation of heat
treated pulps can he explained zs folliows: the Brownlan
movement is faster at hich terrveratures and (2) produces
2 strong dispersion, with consecuent detachment of saven
the [lnest prorticles from one snotuner and liberation of
the vrluable ones from the pangue; (b) incrcases the prob-
ability that the mineral partlicles will meet o fattly acld

molecule and be coated,

The collecting power of fatty ze¢lds is very clearly
related, «es stated by Hukkl and Vartionen 2/, tc the num=-
ter of double bondz present in the molecular chain. The
results obtalined in the flotation of sphilerlte synthet-
ic ore and of the very difficult mongunese oxide further
show that the increase of fatty-acld coilecting power
ofter heat treatment 1is greater for nigh polyunsaturated
fatty-scld mixtures than for low.

In manganceze-oxide flotatlon o pulp conditioned with
olelc scid and then heated dces not show any collection,
whereas a pulp glven the same treatment with high polyun-

satursted fatty-zcid mixture dces show collection,
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Az w conseyuance of the proceding conclusion, 1t appoars

that the collecting nower of fatty ne'ds 1s closzely re-

lated to thelr dsgree of unsaturatlon., In turn, the last

statement could be expluined by assuming that secondary
valences of the double bend are exclted by heating and

na g these geeconda len which »lay the mng
that 1t ig U e 2y valences ich pl the major

role In the actlivated-adsorptlon phenomencon of collectlon.

Heating of xanthote-conditioned mermatite pulp above T4°

Te rezults in o poorer flotntlon,

o
[y
c—&-

he tempersture 1rcrenseg, bhoth grade of concen-
trote ond percentage of recovery decreaze, Conzequently,
it moy be =upposed that the collecting process (1) is of
a different type than adsorption, cr (2) ies bhased on
physlesl sdsorptlon only, or (3) is «ltered by the oc=-

cuwrrencs of soluble selts in the ore.

The coatlng of fluorspar with Tatly aclds does not require
the presence of wateor,

The hezt treatment of o dry-ground pulp conditioned
with powdered reagents seeningly still produces an in-
creaze cof the grade of the concentrate, clthough the re=-
covery 1s lower than thot obtalined Irom the flotation of
wet-cround nulp. This result could he tceken as o confir-
mation of the Iact that the mechaniesm of collectlion is
roloted te the molecules cof the Tatty ncld rather than

to 1ts lons &/.
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The fact that the collection occurred even after the
ore was ccoled might be taken as a demonstration ol the
irreversibility of the collectlon process.

The two last conclusions are therefore in agreement
with the hypothesls of molecular adsorption proposed by

4 Los £ [ Y=g g SA R
Cock ond Last , of which no satlsfactory physical demon-

stratlion has previocusly been given.

The flotation of manganese oxide 1s very dilficult he-
cause of the very fine aczociation with the gangue min-
erals. A grinding tc minus 400~mesh does net produce com=-
plete libesration.

Even though thece sexperiments were far [rom ylelding
any concentration of practical value, they were carried
cut in order to obtain some Indicatlion of the effect on
manganese oxilde fiotatlon of heatlt trectment as compared
wilth conventionsl room~temperature flotation.

The tests performed show that olsic acid and low po-
lyunzaturated fatty-acld mixture do not colliect the ore,
even after heot treatment.

A nlgh polyunsaturcted fatty-acld mixture and heat
treatrent of o pulp ground very finely produce some degree
of collector coating and selectlve {lotatlon of mancanese
oxlide,

Even though a commerclal grade 1s not cbhtalned, ihis
constitutes a clear indication, or trend, which might e

investigated by further regseareh,.



Tests from I=1l to P~6 were performed without using any re-
sgent other than pine oll.,
The {irst three tests, in which = synthetie ore was

s the temperature increases, hcoth

o

emrloyed, show that,
srade of concenirate and percentage of recovery incrouse,

The latter three tests, rerformed cn St. Jogseph lead
ore show exactly opposite results,

from the Tirst three tests 1t clearly appears that
tne spontaneous floatadbillity of galena increases with tem=-
perature and 1ls a property intrinsically related to the
minersl itself.

This result suggests the idea that temperature not
only influences the rechoanism of cecllection by itselfl but
also produces an actlvation in the mechanism of bubbhle ate-
tachment whenever a nineral surface is collector-coated.

This last statement 1s not contradicted by the re-
sults obtained in the other three atove-mentioned tests:

h
the incrsased actlvity of the galena surfoce maokes 1t ro e
readily "poisonable" by chewical compounds Iike scluble
galts probably present in the natural ore,

The hneat treatment of galena pulp conditicned with
Aerofloat 51 dld not produce any rerarkable effect. The

same remarks maode in conclusion 2 can be apvlied to this

86
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