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%ﬁ@ SURFACE CHEMISTRY OF FLOTATION

“ : CHAPTER T

<

HISTORICAL AND INTRODUCTORY

 F1o£ation is = pfocess"of ore concentfation in which
'thekoré’minerals are separated into two or‘more products,
kOhe prodﬁct, ﬁsually oontaining worthless minerals,; 1is
termed tailings; the other products, containing the valuable
mineréls iﬁka more conoéntrated state, are termed concen-~
trateé; |

in modern fiotation, air is generated in, or introduced
iﬁto akpulp of fihely;ground ore suspended in water, which
contaihs‘small amounts of various reagents. Because of the
'preSence of froth-forming féagents, a gone of rising froth
vforms‘at the uppef surféce of the pulp, and flows‘over the
1ip of‘the containing vessel. 7The minerals in the ore-pulp.
~éfe‘mechanica11y carfied'intb this froth zone to a,greatér
6r 1éSs extent, Certain‘minerals show a greater tendency
fhan others to be carried into the froth by the air bubbles
riéiﬁgkﬁhrough the ﬁulp; and, once in the froth, to rise With
,if,\ Thése’minerais eventually reach ﬁhe upper surface of the
‘ffoth, overflow with it, and are removed as concenﬁrate.
Othef“minefals either do not eﬁter the froth; or, if they
do enfer,kﬁend to settle ouf and fall back into the pulp.
kTo do this; theif’effeotive dpwnward Velocity in the froth
must be gfeater than the effective‘upWard velocity with which

the frdth is fiSing,k these minerals eventually remain



iyéﬁSPehaéd;ihlﬁﬁe pulp and are removed as tailingsoy The
:ldehéiﬁy:of“e‘glven~mineral does mnot determine whether the
$ m1nera1 will begome concentrate or tailing.
ﬁarly flotation processes, Which have become obsolete,
llare bulk 011 flotation, and skin—flotation. , |
i The flrst practical process of flotation was the bulk-
io01l process, 1ntroduced by william Haynes in 1860 (Brit Pat.
| 488/1860) sand modified by Carrie J. verson (U.S.Pab. 348,157
‘ e—-1885) “lhe Elmore process, typlcal of bulk oil flotation,
lconsisted in Lreating ore With water and large quantibles
of oil; selective adsorption of certain minerals in the oil
,olphase,kof ab thekoil-Wate?'interface; and remOVal of the
'mineral-oontaining oil{after‘it’had‘risen to the surface of
;ethe water. |
bkln flotation consisted of retentlon of selected mln-~
‘keral particles in a thin layer at a free water surface;
ll;Apparatus«for this prooess is descrlbed by Macquisten '
k"(U S.Pat. 865, 194 5/1907) and Wood (U.S‘;Patk. 1,088,050/1915)
(28 6.1) | ‘
| : GasfaS'a buoyant medium was introduced by Delprat‘in
ejl1902 (U. S Pat 735 071/1903, Brit.Pat. 26,279/1902) and by
~ Potter ‘in 1904 (U.S.Pat. 776 ,145/1904) . The Botter-Delprat
l,Process involved ohemlcal generatlon of gas by the reaction
Ig,of acid With sulfides and carbonates contalned in the ore.
'f’This prooess markq the beginning of froth flotation as now
1llpractloed.f '

CAdr was flrst introduced directly into the pulp by



s ulman, Picard and Ballot in 1906 (U.S.Pat. 835, 120/1906)
f}With the use. of ailr instead of oil as a buoyant medium, it
}dwas found that the quantlty of oil could be materially re-

gfduced w1thout affecting performance.,‘

; i in 1909 Greenway, Sulmen and niggins (U.S.Pat. 962 678/
jﬁ1909) recommended the use of soluble frothing agents, such
f%as pine 01l.f The quantitles of such agents which were re-
fnquired Were of the order of less than one pound per ton of
;;ore.ltlhis patent marks the recognition of frothing agents,
’ifalthough the frothers used also had collecting power, ‘as
}:deflned below. /, | \ :
| ~  uuring the period from 191= bo:1922;'certain;non;frothing

‘ffreagents, having the pr0perty of collecting desired minerals !
,i?into the froth Were introduced ’” ’ e , | ‘

aa ln 1921 Perkins (U S Pat l 364, 504/1921 differentiated,
ffﬁbetween the frothing and the collecting functions of a re- ,‘H‘
f:ﬁagent | he showed that certain non-oleaginous organic com—‘
tifpounds,'contalnlng triValent nitrogen or divalent sulfur,

ffﬁspecifically thiocarbanilid or other thioamldo, or thiovrea

QVfoompounds had the propertY of 1ncrea51ng the tena@nOV of

Vmineral to adhere to the air phase, and be collected in

jjtthe froth Compounds Which have this property are now termed

a;ncollectorsm7 lhe action by Which the air—adhering tendency
I;teis increased is termed colleotion° The compounds 1ntmo-_ |
5;;duced by Perkins had no frothlng properties, and were de-
ﬁj?;signed to be used in congunction with.known reagents which

'LQtwould cause a froth to form.‘




Xanthates as collectors were pabtented in 1925 by Keller
(U.S.Pat. 1, 554 ,216 /19253 Gan.Pat. 247,547/1925), and di-
tthphosphates of the type formula:

8= P\§§ R = hydrocarbon group
’ prepared frbm phosphorus penfasulfide and crésylic acid,
‘,were patented in 1926 by Whitworth (U.3,.Pat. 1,595,232/1926)
~ The patent of Perkins iﬁ 1921 marks the beginning of a

new flotation technique, which has been termed '"chemical
flofation“, in contrast‘to the older "o0il flotation',

’k This brief survey has indicated the stages in the
development of frothing and collection, as practiced in
modern flotation. Mention must be made, also, of the de-
velopment of two’other phases of flotaticn. ‘hese are
activation and depression.

: Activation of a specific mineral, or minerals, is
accomplished by adding to the ore-pulp a reagent, termed

an actlvator which will cause the mineral, otherwise un-
affected by a collector, to be collected into the froth.
_fDepression is aooompllébd by adding a reagent, termed a
dépressor, which will cause the mineral, normally collected,
to be depressed; that is, unaffected by the collector.

Schwarz in 1906 (U.S.Pat 807,501/1906) introduced
alkaii sulfides or polysulfides as activators for oxidized
orés.j
| Copper sulfate, the most common activator for sphal-

erite, was discovered by Bradford in 1913.
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Dichromates, as depressors for galena, were suggested
Dby Lowryland Greenway in 1912 (Auétral, Pat., 5,065/1912)
Oii flotat%pn was usually carried out in an acid cir-
cult, but with the advent of chemical flotation about 1921,
alkaliﬁe circuits sobn became common practice. ‘“he use of
alkaline circuits ied to the discévery of the depressing
effect of 1lime on pyrite, and of cyanide on sphalerite by

: shériaan and Griswold (U.S.Pats. 1,421,585/1922; 1,427,235/

1922)



CHAPTER II

AN ANNOTATED BIBLIOGRAPHY OF

SXPRIMENTAL AND THEOKETTCAL INVESTIGATIONS IN
THE PHYSTCAT CHEMISTRY OF FLOTATION

INTRODUCTORY

- Plotation has developed largely as an art. Discoverles,
 in many cases, héve been the result of trial and error,
kUntil sbout 1928, very little fundamental experimental work
was done,'aithough,several theoriés were advenced., Much of
the experimental work carried on. since has dealt with the
: extremely complex systems exlsting in a flotation cell
treating natural ores., While such work has given definite
'information regafdimg treatment methods for a specific ore,
it has thrown little light on the fundamental reactions
taking place., warly experimenters often failed to realize'
thé delicate nature of the reactions they dealt with, and

~the profound effect on flotation performance of almost in-

 tengible smounts of reagents. 'The fact that as small a

‘quentity as 0.002 mgm. of potassium cyanide is sufflclent
to prevent a 6 sq. cm. area of pyrite from being floated;
and~a‘§omparab1e amount of copper Sulfate'will cause sphal;
' érite,'otherwise unfloatable, to be floated; emphasize the
| neCessity for eitreme care in investigating the phenomena

of flotation.



(

these fgdps must be carried in mind when considering
the Tollowing experimental work, and the conclusions based
upon 1it, ihis work is considered as it relates to the study
of four fundamental chemical operations: froth formation,

collection, depression, and activation.



. FROTH FO RMA‘I‘ION

:g

: A froth is’ a disper51on of & gas in a 1iquid which
fbforms when the gas-bubble Walls are made oapable of with-
- standing stresses. rhey are in this COndlbiOH When the

’Tesurface-tension of the liquid-gas interface, formlng the'

| bubble wall 1s capable of rapid change.k if a capillary

"aotive substance 1s dissolved in Water it will tend to con-

centrate in the froth (03.8. 1)~at the air—water interface,
ntb_n agreement w1th the Gibb's equation relating the amount
ieof adsorption of a. substanoe at an interface to its effectr
N on,surfaoe;tension. if a fllm of suoh a solution is stretch-
ed;‘the,oonoentration'of theksubstance in the surface is
b'deofeasedj aud the Surfaoe tension*of thekfilm necessarily
inoreases; thus setting up a foroe Which.willroppose~the
stretching force° | | | | “ é
rrothing agents, ‘as used in flotation, are. capillary‘
"-active substances which stabilize a froth in this way.
| Langmuir's work (16 25, 2)(%4—85e94 suggests that
”eoflented adsorption of a monomoleoular film of a hetero—'
fbpolar frother such as amyl alcohol, will occur at the air-
lkwater interface, in suoh a way that the non—polar hydro- -
carbonjgroup is oriented towards\the gas phasee
k"Taggartraud‘Gaudiu (22*5 l) note the:heteropolar
o oharacter of molecules of the frothers used in flotation.

’_~bartsoh (24 25, l)( 4 25, 2) finds that hvdrocarbons,~chloro-

Q'form, carbon tetraohloride and carbon disulfide have llttle



ﬁ;orono‘frothingaor foam‘stabiliZing'ability; but organic
3 aCids,"alcohols amines, aldehydes, ketones, etc. aid in
,’the production and stability of foams. mach reagent has‘

5 an optimum concentratlon for greatest foam stability. He

l'yfﬂnotes that minerals also exert a stablliVing effect,

- As a result of a statistical study of a large mumber
3 ofhorganic\compounds,,in which both~the frothing effect,

measured by & special‘apparatus,’and‘flotatiOn perfOrMance,‘

| “,arercorrelated to Structure,‘Taggart Taylor and Ince (30 3. 3)

"fstate that the molecule of a non- collecting frother should
kcontain one (and preferably one only) oxygen-bearlng, water-

};aV1dkgroup,ksuch as:f, BN o

—OH (~C-OH ;G=O :

~at least a six carbon atom chain, actached‘to the above
:igroup, and that the compound should have a solubllity in ’

l‘water of about 1 gm. per litre. | | |

Because the solubillty of the compounds studled decreases

d‘with 'hydrocarbon loadlng' they suggest the hvdrocarbon

if‘frgroup is hvdrophoblc, While the rest of the molecule is

V;hydrophilic, 1n line Wlth Langmuir‘s treatment of par+1a1
“solubility. |
rrothjng of solutlons of an homologous series increases

‘\to a certain point then decreases with increa31ng molec-

fffular welght, presumably because of the decrea31ng solublllty

~

a_offthe hlgher members .,
Gaudin (32.25.5) states that the presence in a frother

5,ofuion12able polar groups such as  -COOH or -NHo will -
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5 cause’it-to'haye collecting tendencies.
’ : Qhe modern conceptlons of frothing have been summar—
gkiged by del Giugice (34.6. 3)
v ‘ A device for testing the frothlng propertles of flot- ;
"“kation reagents is described by bhristmann (U S.Pat,. 1,866, 296)
1952) '
In practlce, pine 0il or cresylic acid are almost ex-
‘ clu31ve1y used as frothing agents. Little attention was
'pald to the development of new frothers until the work of
B pDean and Hersberger (55;5.1). ~They~state that the ideal

frother, in low conCentretiOns, @hodld form a copious but

,';not too persistent froth the froth should be independent

of pH, added salts, and added collectors, and the frother

should be‘non—collecting, but should emulsify and disperse
| kinsolnble collecting agents;»’By balancing polar\and non-
- polar groups, and making use of the fact that a complex

polar group will. allow long dhain hvdrocarbon groups to
l'be used Without decreasing the solubility of the compound

btoo greatly, they pfOpOSG a 11st of compounds which should
: conform to the spe01fied characterlstics. |

necent frother patents are reviewed by Bassett (38.4. 1)
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COLLECTION

%

’ﬁDefinitionééf a Collector

_dolleptors arefréagehts;finvariably organio, whidh@

. reabtkwith a mineral in such a way that its tendency to

1 adhere to air, in preference to Water;7hence its tendenoy

- to float, is increased.

 sxemples of Collectors
mxamples of 'such reagonts commonly used, are.

JOR

- usually O2ﬂ5,"5H7, C4H9, ete.
\DX = . S ; A

. : S &
:annthates~ X Na or K
- Dithiophosphates S:PmOR
SO ’ ‘ bX
NH C H;
6 5

NH. 06H5

K is uSually CgHy -CHz
~ fthiocerbanilid 51 c<

“Trimethylcetyl ammonium bromide CHS-N/016H53

Structure of Collectors

k*,thé{heterogblar’nature'qf cOllecﬁor molecules was
 _!§§?1y‘recbgnized’(24 5’1)(28 3 ). Taggart Taylor and '
’incé (30.3. 5), from a statlstical study of the collectlng
f~ index:(an,arbltrary‘measure of collecting effect dependentQ
bnybbntact angle:measuremehté)»£03 a 1argé‘number of organic

~ compounds, reach the conclusion that the effectiveness of



12

f“iﬁeéconp0und¥a$v%ecolléctor depends on the hydrocarbon group
;epresent in the moleculeo Fromkstudieskof the ebstractiOn of
J‘a collector fromfsolution by a mineral, they show that |
}»ffabstraction is dependent on the presenoe of a :S or similar
"Q;group.j They state that non-frothing oollector molecules must
vt_contain divalent sulfur, trivalent nitrogen, or other multi-
:?valent negative element in the low valent state, and must
:khave a’ hydrocarbon complex with 8 or more carbon etoms ., ihe
e compound should have a solubility of 200 to 300 mgm. per

= 1itre in water, and probably possess the ability to form

' relatively insoluble base metal salts.

Preparation and Purif oation of bollectors

and their Compounds

\,lLThe nethods‘of Fosterd(28,19.2} for the‘preparationr

v of xenthates ‘and Other trithiocsrbOnates haveibeen quoted
1‘; by uaudin (32.25.8) . FosterfS‘method has been modified by
l,De Witt and ﬁoper (52 1.1) in their preparation of a highly
lp‘purified potassium ethyl xanthate.

: Gaudin and bchumann (36 8.0) give methods for the
’fpreparation and purification of potassium n-amyl xanthate

1f¢and cuprous n amyl xanthate.

k,CheﬁiCal'Reactions okaollectors

A study of the solubility and kinetics of deoomposition

g of xanthic acids in water shows that decomp051tion is accel-

terated by hydrogen ions, and retarded by sulfate ions (18 25 l)




‘1;‘ Dixanthogenyz é& st
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o The‘kinetiCS of'deoompositiOn in:Organic liquids has

_flso been~etudied (13.25. l)'f The decomposition is acceler-

) ated in llquldsaoontalning -OH groups.k

Alkali xanthateskdeoompose in'acid’solution~to form

,;oarbon disulfide end alcohol, If however, the pH is not
',below 5 and the temperature is less than 59 ¢, (13,25, l), :

‘;the stable, water- insoluble xanthlc aoid is formed.

In 1 to 2 normal alkallne solution, xanthate fon is

k,deoomposed‘(OB.ZS‘l), as,evidenoed by the,Composition of

~the -insoluble cuprous salts precipitated from such a sola

utions“lt’iS‘probable that moﬁo- ‘di-, or trithlocarbonates

are formed. Taylor and Knoll (34.3.7) consider the most .

'probable decompositiOn products of an aqueous;solution of

an alkali xanthate are either dixanthogenl or carbon

disulfide and aloohol.; R l*\'
De Witt aud Roper (32, l l) state that the hydroxyl ion

”'derived from hydroly31s cannot account for the observed pH
, ohange,ln eolutlons of potassium ethyl xanthate. _bchaum,
”Siedler and Wagner (32.12. 3) note very slight hydrolysis
:‘of 0. Ol normal xanthate solutions at room.temperature.~ “Yhe
'thydrolysis increases autocatalvtlcally after 20 hours. They

"consider xanthates, at the ooncentratlons used in flotatlon,

are completely d185001ated.e,

Tavlor and Knoll investigated the stability of potas-

“sium. ethvl xanbhate solutions (54 3. 7),;and find that~a~‘

C’OR
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fowéter SOlutiQn @és a:pH of“7.2a‘ Conductivity measurements

indioateféthyl“xanthicsacid i§ a'strong acid.

‘ ‘kSodiom or pbtassium ethyl‘xanthaté;‘from:é solution
'kcontaihithcﬁprio ions, precipitates yellow cuprous xanthétez
| (1sss. 25. 1)(08.25.2)(10.25.1) (51.1.1), and from a solution
rcontaining lead ions, precipltates white lead xanthate (54 3. 7)
:as determined by analyzlng ‘the preoipitates for base metals°

| wlaggart, del bludlce and Ziehl (34.3.6) state that
"'oférrous Saits, With xanthate ion ’on'oxidation, form a‘pre5'

'~cipitate which is probably dlxanthogen and ferric xanthate,

|  ‘that ferric salts, with ethyl xanthate 1on form ferrlc
" ethyl xanthate, asjdetermlned byfanaly31s, fThey give a table

~of the reactions of collectors with heavy metal lons.

gko; kPhyéioal‘Properties‘of Golledtors and their Compounds

| ',Thké,'solub’iiity in water at 0° C. of sodium methyl and-
jeﬁhyl‘xaﬁthatés is reporﬁed to be 0.05 end 0.02 mol. pero
1itre, I‘espectlvely (18.25. 1) |

| The surface tension of aqueous solutions of ootassium
- ethyl xanthate has been measured by De Witt and assooiates
7;(32,1;1)(35.1.1} who note that,solutlonsfof the isomeric
oﬁforms oprotassium ethj1~xanthate have different surface
"fensioné.~ -: | - (

laggart ahd co-workers mentlon the solubllitv of 21nc

Tfethyl xanthate is about 535 mgm. per 11tre (30. 3 1), that of"

2. 20 4(8 c’gczﬁ) — 8 of;ggz}% . (S Cyoczﬁg
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~ lead ethyl xsnfhate is 0.2 mgm. per litre (32.8.1).
}uWeinig'and Palmer1(29 25.4) state that xanthates are
”more soluble than the corresponding sulfides.

Brighton, Burgener and Gross (32 6.2) fing that the

I solubility of cupric and zinc n- amyl and ouprio ethvl

’fxanthates is increased by increase in sodium cyanide con-
'centration, ihev report the SOlub111L7 in water of zine
Vn -amyl: xanthate as 80 mgm. per litre, lead n-amyl anthate
:as 30 mgm. per litre, '1he7 were unable, u31ng colorimetric

im}meuhods, to determine copper xanthates in water, or lead
3exanthate in sodium,Cyanideusolution., ' |

k Theereiative,e01ubilities:of vArious‘metallig xan-
‘;thetee in:water“heve been determined,by Warren (55,5.1).

’ "’Gaudihi(Sé 3‘5A) gives solubilities for cuprous n- amyl
xanthate in various organic solvents, as followss aoetone
‘5716,-d1ethy1 sther 15, carbon disulfide 7.3, benzene~388,

fpetrbieum ether less than 1 mgm; per litre.
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o f,z;;;
. EFFCT OF VAKIOUS. HBAGHNTS ON ﬁnCOVEﬁY

IN FLOTATION TbbTb AND PRACYICE

"Small séale'Flotation,TestS-

‘ihe small scale flotation test is probably the oldest
experimental techniqne used in studying flotation phenomena.v
f'Varieus devices have been described for this work; many
‘:fmannfacturers market miniature cells, taking a charge~of
giSOO or 1000 grams, Which are miniatures of their plant units.
, | 4050 gram- agitatlon type cell with automatic froth overflow
f : is described by Gates and Jacobsen.(Zbé E),'and has ‘been |
H”l modified,by nsnseni(szirb),i This‘cell has received«wide

0o acceptance for use in experimental'work

A flotation test is usually carried out as follows.
kka weighed amount of ore is crushed to 4 “to 20 mesh, and
51ground with water and certa:n reagents in a 1aborator7 ball
T;mill.lewhefpulp~1s then transferred’to the flotation cell,

Ueandiwaterfis added to give the'desiredkratio of ore‘to Water{

‘ikaching‘end other reagents“mav‘now be added, and. “he cell
o set in~operation. lhe mlneral rising into the froth is

“scraped off, or overflows, and is recovered as concentrate,‘

i_lallings and concentrate pulps are filtered, and their solid
f,content dried weighed, and assayed for ve rious metals. the

:Lrecovery of a glven metal is reported as the percentage of

l«that;metal present in thekcharge, which is recovered in the

~.-concentrate,
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More complete detalls of flotation testlng methods and

apparatus are descrioed bv Dietrlch EngeT and Guggenheim

e

' For the results of flotation tests on a wide variety

of" natural ores, reference should be made to the publicationst
k”Tnvestlgatlons 1n Ore Dr9531ng and Metallurgy" publlshed

Uianpually%by the Departmentfof,Mines,;Ottawa, Canada.,

‘Floatability of Fure Minerals (InherenthloatabilitY)

Although it has been shown repeatedly'that clean

ey minerals do not make coutact with an air bubble under statice

conditions, it has not been conclu81ve1y demonstrated that .

‘tminerals, under. actual flotation conditions, have nho inherent

floatability,~ ihe conflicting'conclusions reached by_various

WorkerS'depend, inkpart,/thefefOre, upon their‘experimental

'approac to the subject of inherent floatability.

Investigatmrs who have measured the contact anglesk

kdevelopeﬂ b7 an air bubble on a minerai surface (30. 3. 1)
“(53 8, 2)(54 3. 2)(34 3. 6) agree that no contact is ﬂeveloped

 lef the mlneral surface is clean,

Gaudln, (32. 29 5),~3umm1ng up the reSults atteined'iﬁ'

i actual flotation practice, and in small scale tests, gives

"a table of inherent floatabllltlee of pure minerals, e

considers that metals arerthe most floatable,_then, 1n order .-

of decreasing floatablllty intermetellic compounds;~9ulfides

of metals nearest sulfur in the periodic table, sulfldes of

metaIS“furthestyfrom~sulfur in the periodic table;,non—acidw'



18

fhlfOrming oxides of'the metals nearest to the dividing'linek
77between metals and metalloids 1n the periodic table, and

;,tthat the 1east floatable compounds are compound oxides, and

;7ox1des of the metals far removed from the dividing;line bet-
lrween metals and non—metals in the periodic table. He states
,J?that graphite and SU1fUP ‘have inherent floatability, and

i ifxanthates do not function as collectors with these minerals,
ijﬁkRey~(55 17. 1, substantially agrees With Gaudin~1n contending
”'~,that sulfur, graphite, talc, and molybdenite Will attach to

!dfan alr bubble in the absence of any. organic reagent

: Rav1tz and Porter (34. 3. 1} report that they were able
to float pure, unoxidized galena in a nitrogen atmosphere,
in the absence of reagents, thus supporting the 1dea of in-

?kherent floatability. 4hey state that air will displace

czwater'from;akpure galena‘surface,;in~direct contradiction to

| the work of taggart (30.3.1) and Wark and Cox (34.3.2)

:Effect of,Various ReagentS‘On‘thekﬁecovery

"of Mineralsnin the Presence of a Collectorl

 Galena

k ,l Galena, When pure and unoxidized, according Yo G Gaudin,
“(32 25 5 floats readily Without a collector; a frother
l'only being required, ,if thefgalena is oxidized increasing‘

l)amounts of collector are required to produce the same Ye-

xmcovery, depending on tne extent of oxidation. These ob-
_‘servations are,confirmed by‘other Workersc(54,5.l)

‘Kellermann'and'Bender (50.12,2) note‘that fresh xan-
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t:thate solutiqn barely floats galena, but becomes effective on
‘standing, or on treatment w1th sulfuric acid, and concludek
thatrflotatlon ie effected bykxanthate hydrolv31s products.

blotation tests made in a 50 grmm cell (25 6.1) in the

Iﬁlflaboratories of the Americen oyanamid Ccompany (27 2.1)

‘esh0wed~that'pure,~dry-groundmgalena gave equal'recoveries
l Wlth pine=o0il and potassium ethyl xanthate, and with- phospho-;‘
f cresylic reagentl but pocrer reooveries With thiocarbanilld |
,fo—tolulglnezmixture (TT mixture),»for the same reagent conf
ceﬁtratlonlg‘ | | ’ e | i
elerlte

Equal recoverles of pure pvriue are obtalned with Uine-
e'011-potassium ethvl xanthate, phosphocresyllc reagent, and
lT mlxture, in the pH range 5. O to 5.2 (27. 2.1).

Gaudin (52 25 5) notes ‘a poor recovery of pure pvrite‘,
,kW1tn methyl quinollne, but better recovery of pyrite than
ltChaloocite, when both minerals are present due presumablv
to the actlvatlon of pyrite by copper ions derlved from the
chalcoclte. |

: Pure, clean pyrite/ia easilv‘floated' and'oxidation
fflnhiblts flotatlon, according to Gaudin et al (28.19.1--
!;Part 2) . Gaudin notes,' urther (32 25, 5) that pyrlte is
f floated more. readllV by hlgher xanthates than by lower, and
more readlly by xanthates than by mercaptans° using amyl

xanthate as collector, Gaudln (29 10. 1) found that the re—'

N 0 C6H4.CH5
1. Probably = 8:P0. 0 OgHy 05
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covery of pyrite was gzero 1f the pH was above a critical
 valus between 6.4 and 7.0.

F

Most workers agree that potassium ethyl xanthate does
\‘;net oollect sphalerite untll the ‘mineral ha& been activated,

' by copper sulfate, for example (28.19.1)(50.5.5). Hesults
ekofwbuchanan and Christmann’(ZV.zgl),thd find high reCoveries

“of pure sphelerite with‘various collectors, includlng potas -

ﬂk31um.ethyl xanthdue, are explalned by dssumlng traces of

1 copper~sulfate were presentsWhile the tests werefmade.~~k'

Gaudin‘(32.25.5) eonsideyefpureesphalerite'is one of
~1the;most difficulteSulfidee?Eeifloat, and Staﬁes\fhat colQV
leotoreewith less than~five~cafbon atoms in theirkhydrocar-
bon eﬁain do not collect sphalerite,~unlees used in large
k\famounfs. :The folloWiﬁg 1istkof‘oollectors'f0r pﬁfe sphal—
erite 'irs | g‘iveny- ‘di‘-is‘iO-amvl ammonium dl-iso amyl 6ithio-
icarbamate, xanthates higher. than hexyl xanthate, trlthlo—
kfcarbonates higher than propvl trithlocarbonate, certaln
& aminesrsuch_as monolsoamylamine, and certain hydrazines
'suchkas,phenylhydrazine. |
’kefSphalerite'fecbVefy is an'optimum at‘aecertain oH
F"for eaCh;colleeﬁer studied~(28.l9,l).V’This hes beeh ex-
k;plained (52,8;1) by‘essumingfthét,the maximUm recovery zones
correspond to pﬁ bends of_maximum reaction Veloeity eetween :
'éellectoreend‘mineral' |

‘Kraeber (30 25, 2) Lindsfthat maXimum~reoovery is'atQ

2 ”fltained at pﬂ 6 to 7 and that the optimum pn decreases as
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" the iron content'of the sphalerite inoreases.
rlotatlon tests made by Yamada and Naganuma (56 25.,7)

f indicate that sphalerite is not floated at a pH ‘above 7 6.

i‘Chalcoclte

Flotation teSuS made by Gaudin and Sorenson (28 19. l)
“dshow‘that the~aotivity of;collectors for chalcocite inoreases
aswthe nbnapolarvpartVOf'the molecule is made more oomplex,
: and that aliphatic’sulfides and~diSulfide$ are more aotiter
i‘thanraro@eticlsulfides’aﬁd disulfides, but that the converse
is true for the:hydrosulfides¢~ | |
' De Witt;:Makens,and HelZ'(SS.l.l) correlate the surface,
téﬁSion~of normal‘ianthate‘solutioﬁs from ethyl to heptvl ,k
kto,their»collector actiVity; as‘referred tolcha10001te and
ld'malachite.~ T | ’
Gaudin mentlons methyl ouinoline (52 25, 5) and mono-
flsoamvlamine (29.10,1) as collectors for chalcooite

thhaloopyrite

Gaudln (52 25 5) states pure chalcopyrlte, if unoxidlged
dyls readlly floated with a frother only. ‘ —
| ‘ lhe recovery of chalcopyrite decreases from 96A to
}eg4;4ﬁ’throughuthe pd range 10.42 to 11.76, accordlng to
thamedaﬂaﬁdlassociates‘(56;25;6)~ o

~ Miscellaneous sulfide Minerals

Xamada and ass001ates (34.25.5) find that complete

 Fflotation of pvrrhotlte is possible Wlth camphor blue 011

;w:and coal tar in the pﬂ range 4, 6 to 5 but that floatabllity S

: is negligible at a pn greater than 5
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Recent tests made by the same authors show that the recov-
"ery of arsenopyrite is decreased from 887 at a pH below 5 to‘
gero above,pH § (56°25°l), that enargite gives low recovers
ies above pH 6 (36. 25’25; and that the optimum recoverv of
stibnite is attained in the pH range 4 to 6.5 (37 25 3).

The recovery of marmatite is decreased from over 607 to 27

'as the pH is increased from 5.7 to 12 (57 25,2)

':l 0xidized Minerale

The cxidized minerals which are considefed in partic-
. ular, are azurite and malachite (basic coepper carbonates),
cerussite (lead carbonate) and angleSite (lead sulfate) In
general, oxidized minerals are less readily floated than the
“sulfides‘ l2¢ -

Malachite and azurite - (62 25 .5) .are cellected by~ higher,

,c_ fatty acide and soaps, which separate the minerals from

s quartz, but not from calcite,

There is an 0ptimum.pH (28 19, lumT P, +9) fer the flota=

‘ticn of cerussite, of 9.0 With potassium emyl xanthate, and

i 7 8 With thiecresol° Gaudinv(32f25 5) statee that cerussite‘

_cend anglesite are fleated by soap8° and may be eeparated
fromka,siliceous‘gangue,by‘fattyﬂacids, Cerussite is col= -

ilectediby‘thienaphthol and by emyl xanthate, but not by

~'methyl xenthate.

Plumboaarcsite (62 25 5) can not be sulfidized is nct
7i pollected by ethyl or amyl xanthates, but is collected by
‘vfneoctyl and n»lauryl~Xanthetes:ifuthese~reagents are used

f‘in;largexamcunts;



23

3 Non-metallic minerals

- onaphite,and sulfur are reedily floatede An instance
is reported (24.19.1) ‘o‘f;the flotation of sulfur with amyl
ksalcohol as the;only ieagentol Gaudin (22.25;55 does, not.
belleve thet‘xanthates exert any-collectiﬁg ectionfon'eulfur
'or,grephite;r The recovery of sulfur is affected by ‘the pH
H(30.6al) A pH of 7, 5 to 8.0 has been suggested as an opti-
‘mum,rangeo

In contrast to the view: that graphite has inherent flo~
tability is that of Wark end- Cox (35, 8 1) who find that a ’
high concentration of frother (which has graphite collecting -
7'power) is required to float graphiteo They note that certain
‘frothersrare ineffective asicollectors, and conclude'that
: graphite requires 8- collector, such as & xanthate, for flo-
tation, Confirmetory work (37 8 l) in whlch it is found
.thatoemyl and ethyl xanthates'increase the floatability of
‘charcoal leads Wark and Cox to conclude that the flotatimn

of graphite, obtained ln their previous work was not due
"1' to metallic ’lmpurities in the grephite.

Although sulfur usually floats without a collector;‘ﬁ
'Wark and Cox (35, 8, 1) show that ‘the presence of a collector
. onhances its flotation.
| erl and associates (25 23, l)(24 12.1)(24.12, 2)(24 12, 5);
have studied the flotation of various minerals, particularly '
a;artificially prepared sllica, by the use of dyes, which by
"Vadsorption on specific minerals, make them hydrophobic and

cause-the mineralyto float.,
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- The effect ef soluble metal salts on quartz flotatien
has’ been investigated by Kraeber and Boppel (34.9 1), who
advance the theorv that a compiex is formed between the salt
eation and the oxvgen of the mineral surface, and that the
character of the complex and its flotation effect depend on
the pH of the salt solution.. | e ‘
= The fiotation of non-metallics, particularly with re-
gard to past and present practice, is extensively reviewed

by,Ralstonk(57.5,1). A bibliegraphy containlng 126 refer-

7 ences to this~phasenofffiotatien is appendeds ‘

*tSpecigic EffectS;Of;Gollectors‘cnnMinerals'

Gaudin (34 3 54 ) recapitulates the known effects of
"xanthates in increasing the fioatabiiity of minerals, as
fOIIOWS°~ They are without effect on- siiicates, silica and'

gangues generally; in small amount they increase the float=

ability of copper, 1ead, silver, iren, and mercury sulfides,;

iandeof,eiemental copper, silver and gold. They increase
the floatability of zinc sulfides only when the mineral is

“,firStnactivated, as by copper sulfate. In large emounts

‘ke’they~increase the flcatability of oxidizedylead and cbpper,

‘in:ﬁinerais; and of oxidized zine minerals oniy'whenfthemxane,’
~_thate conteins a 1ongnChein hydrocerbon group.~\1ron‘énides
“Hend'carbonates are~not'fleated'bv ianthetese ’Snlfides of

 ;‘not typically metallic elements (stibnite, realgar, molybe
tidenite) are not made to float markediy better bv xanthate

Viij treatmento
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| Gaudin%(§2.25;5) notes the seleetive'actien of certain
,ksoilectersyfor_speCifickminerals,;and‘gives~the[f0116wing |
lists SOQPS‘sellect the miﬁerals Of all;diu and tri-valent.
‘:metals, and minerals of certain monovalent metals such as
silver,‘ The 1ower xanthates collect copper, lead iron,
silver and mercury sulfides to the exclusion of the sulfides
~of zinc, calcium, barium‘and aluminium, Xanthates collect
’1eadxminera1s?inspreference tokcopper or;mercury“minerals}
SﬁbstitutededithibphosphatessselectecOpper mineralstffAlie

phatic mercaptansrselect copper, silver end mercury minerals.

- Influence of Temperature on Flostsbility -

‘1'Hﬁber;Panu‘(31f9 1) states that each ore*and7method’has :
an optimum flotation temperature between 23 and 40° G. As

| the temperature is increased the time of flotation is de-
creased and the total recovery is 1ncreased up to a certain
point ; It is supposed that the decrease in recovery abovew
- this:poiﬁt*is,due,to incressed oxldation of the mineral, and
ktqiﬁcreasedusolﬁbiiity of theyeompounds'formed'at~the-minera1k

~ surface,
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>;~;EXPERIMENTAL EVIDENCE FOR THE REACTION OF COLLECTORS

e

ST - WITH MINERALS TQ i

Changes in a Gellector Solution in Contact

«'7&;’11’

with g Mineral

Considerable study has been made of the changes in a
collector solution when it 1is brought into contact with a
'{mineral. hxperimental'methods,usually»consist;in agitating
the solution with & known'weight of sizediminerale'for‘e |
given time, and determining, by analytical methods er surw‘
| face tension measurements, any ‘changes resulting in the colav

: lecteresolution,’,1f~a change in&concentrationfof eollectorf

"]reSults,rthe~coilector ié,saidi :beiabstracted;by the min--
'ieraigﬂuf | T

'Abstraction in general

The first work dealing with abstraction of flotation

:~reagents by minerals was probably that of Fahrenwald (21 25 1)

'xfwho found by measuring the surface tension of an oil-water .

 if emulsion or solution before and after bringing it into con-

:f[’tact with minerals, that all minerals investigated abstracted

oil from the emulsion or solution; that sulfides abstracted

,yéemore thanigangueiminerals; and that, in general, the float-

 ffebiIity¢of.a7tfeeted‘miﬁerelkWas propertional-to*theAemegnt‘

ﬁief,eil~dbstfacteds He ﬁOted thet electrolytes’effeet’the

| 7eam0unt~of»eiliabstractedc Taggart and Gaudin (22 3 1) made,'

Vfiva similar study with confirmatorv results.~
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Other Workers (35 8,3)(32, 8.l) have noted a close con-
,kneotion between the abstraction of 2 soluble collector by a
mineral and theesolubility of ‘the salt of the collector and
“the metal contained in the mineral.; ‘When the metal salt is
relatively soluble, concentrated collector solutions and long
,~treatment are neeessary to effect abstraction. '

; Rimskaya (57 16, l) has studied the Wetting isotherms
~of pyrite in sodium oleate, malachite in heptylic acid°~°'
‘galena in butyl xanthate solutions, and interprets them as
showing two parts, the first corresponding to gradual sat-
uration of a unimolecular,collector layer,ythe second to a
‘saturated 'fiflm, which shows the least weamg.»’- T

Abstraction by galena

Taggart Taylor and Knoll (50 3. l) prove that there 1s
a;metathetical equivalence~between the-amounts of xanthate,
mion abstracted from solution by galena, and the oxidation'
products\of galena appearing in solutiono They were unable
to ‘detect sulfide ions in solution and suggest the meohanafv
kism of abstraction is purelv chemical~' Tead sulfide 1s oxi-
tfdized to lead sulfate, which reacts with xanthate ion to form

insoluble lead xanthate. The fact that the xanthate abstrac-

'lition is decreased by grinding and treating galena in ‘the

,jabsence of air, and increases with the time of exposure of
",galena to moist air, is taken to confirm this mechanism.

: Taggart Tavlor end Ince’ (30 5,3) end Taylor and’ Knoll
‘(54 5 7) continued this mork and found that the potassium

\-i concentration was unchanged, and that no lead ion could be
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t;detected in, the solution after. abstraction had taken place°

pThe necessity for oxidation of galena to precede reaction

}hWith the collector is confirmed by Ralston ot al (60 3 4)

‘Who found that galena ores, ground in the absence of oxygen,
gave poor~flotation resultsthand~by Wilkinson (35~9_1) who
states that partial oxidation of galena is essential if |
“xanthate is to be- adsorbed° -Berl,, Schmitt and Schulz (33 12, 1)
note that oxidation of galena increases its’ collector re=
quirements. In contrast to the above views is that of Ravitz

spand Porter (54 3.1) who floated galena in the absentée of air,'f
'and ccnsider oxidatlon products on the surface inhibit flo-,
tation, and are not essential for the flotation of galena

fwith ethyl xanthate. v

‘ Gaudin and Wilkinson (35 8, 5) state that galena ab=
fstracts dixanthogen from an aqueous suSpension.
It has been Shown. %2 9 2} that the abstraction of
capric acid from aqueous solution by galena follows the law.'
; v ﬂcbh ol
o = Wéight‘sbstractedi

e = ‘equilibrium concentration in
: ,solution

= 67

BthYh

', and was further noted that dry galena,shoWs‘less,adsorptiVep
power than wet galena.
' Ince (30 3 2) notes that galena abstracts more thio—

: carbanilid than sphalerite does.p
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It has been:shown that gaiena abstreotekpalmitate'ion
only from a solution of ‘sodium palmitate, presumablv to form
insoluble 1ead palmitete (29 25 1)(29.15641); and abstraots
oleate ion from sodium oleate solution (54.5 6) Taggart
(52 8. 1) reviews the expeximental Work to date and notes that~
: enaphthylamine,‘potaesium“ethyiexanthate,wmono— end di-
'Vbhenylethiourea,~and p-thiocreSOI‘are*abstractedrby~ga1ena,
Rimskaya (37, 16 1) has studied the wetting isotherms of

galena in ‘butyl xanthate.

Abstraction bv pyrite
| Itfis stated (54’5«6) that pyrite abstracts only ethyl ;

 xanthate ien from a solution of potassium ethyl xanthate.
‘Geudin,and Wilkinson (55.8.5)‘advance evidence to ‘show that
the xanthate, on abstraction, -is changed tojdixanthogent
Teggart (32.8.1) reviews the experimental Work»on'hbstracticn"

nand'etates’that nyrite'ebstractsia«napnthylamine} potéssium
| 1ethy1'xanthate, mono- and dipheny1 thiourea'end:pmthiooreSol.
\jWark and Cox (58 3. 1) were unable to determine thesxanthate
'eiabstracted bv cvanideatreated pyrite, because reducing lons

: Werefliberated by the alkali present - By an indirect-method
‘however,kthey show that the depressant reduced, and probably
’prevented xanthate abstraction. : | |

;‘Abstraction by sphalerite

, The non- abstraction of ethyl xenthate by pure sphaler-
1te has‘been noted by Taggart, Taylor and Knoll (50 3 1)
: and confirmed by others {3 53 7)(55~8 5), and is considered

c:due to the high solubility of zinc ethyl xanthate (30 S 1)
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,Abstragtgen efiethyl xenthate ion by copper-asctivated
"spﬁﬁlerite'has beenrmeasuredibykgaudin (30;3,7),;wh01finds
1t to be greater than the'abetraétion by,cyanidestreated |
cepperizedesphalerite}, Taggart states‘(sz 8 1) thateduring
'abstraotion of collector by copperized sphalerite, sulfate ~
ions appear in solution,
':f s E very 1ow abstraction of colleetor by cyanide-treated
: sphalerite was noted by Ince (60 5 2) who;also,found that
kpure sphalerite abstraets lesskthiecarbanilid than galensa ,
n,deeé. | « B “ | |
| Aeeording to Berl, ‘Schmitt and~schu1zr(53'12~1);’who
determined the amount of collector required to make a mineral
’,hydrophobic, as shown by the. inversien of a benzene in-water
to‘a Water«infbenzene emulsien,,the exidation,of sphalerite"
,decreaees its‘collector”requirement; by virtue'ofkthe high
 801ubi1itykof zine sulfate, |
Gaudin Haynes and Haas (28 19.1 - T,P. 4) showed thatr

certain amines which fleat sphalerite, do not form insoluble
| zinc salts or sulfides_‘ |

Abstraction by ehelcoeite

' Chalcocite abstracts ethyl xanthate ion from o solution

of potassium ethyl xenthate (34.3, 6)

; ?Abstraction by chalcopyrite

The abstraction by chalcopyrite of various colleetors,
"ineluding petassium ethyl xanthate has been noted by
 Taggart (52.8w1). Gaudin and Schumann (56 8.3) found that

kéhaibopyriteeabstracts~eﬁhyl xanthate ion only,,veryarapidly,
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from potassium ethvl xanthate’solution, in'quantity to form
cuprous ethvl xanthate° and that hydroxyl, earbonate, sulfate,
"and reducing lons of the form Smo‘" are thrown into solution,"
in total amount metathetically equivalent to the smount of
xanthate ion sbstracted.

Abstraction bv sulfur and graphite

In contradiction to Gaudin (32 25. 5),‘Wark and. Gox
‘(35 Bsl): show that 8 wlde varlety of minerals, including
sulfur,>graphite, cerussite-and‘gold, abstract xanthate
B frem.solution. The ebetracﬁion‘offethyl end emyl xanthete
from fselutien ,:dees‘ not.kehange the pH of the seiuti‘én.[; In
“further uork (57,8.1)'they find‘that'chaTCOal‘abéfrac%s
both:aniOns aﬁd catiohsfof potassium;amyl,and ethyl Xanthates
frem selution;uthat”mere,xanthate ion than potassium ion is
‘abstracted; endlthat the,differenee is,aecounted’fe§5as an
_increase in theealkalinityfof the 's"olut‘ion?,/'Thei‘}absti'aetion;g;
bf’potaSSium:iOn probablyyﬁekes place by excﬁ&hgé'adgérptien%?
Withfhydngen'ieﬁs of the‘chareoal, and”the'increese”in~al—
‘kalinity by exehange adsorptien of xanthate with hydroxyl
”iens. ' | S

Abstraction by. miscellaneous minerals

Oxidized minerals (malachite) abstract xanthate ions
~from‘solution (32;25,5),kand adsorption,isotherms of ethyl
. .and butyl‘xanthetee en’malachite are‘given‘by Shneerson

 (36164) e | 8

The equivalence of the reactioﬁlbetWeen cerussite and

1 'Pb‘co3+ 2EtX- ~ Pb(E’CX)z + Cos
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xenthate has, been shown by Geudin ’:t(‘ 34.53.54) by titrating the
earhonete'fonmed. ‘Wark andfCoxl(gé.S;l) state that anglesite
end cefussiteldbstract sodiumisulfide in prefenence4to xanthete.’
Apatite removes p&lmitate ion from solution, 88 deteru
mined by surfaoe tension measurements, presumably to form
an insoluble caledum palmitate (29.25, 1~)~(29 15.1). Cassiter», |
~;’ite (29 25, l), which does ‘not normally abstract palmitate ion,f't
Jwill abstract it from sodium palmitate solution after the ’ |
mineral has been treated With calcium.hydroxide.
, Volkova et al~(55f12‘l) show that in the flotation of
tale by isovaleric acid an exchange reaction oconre and
magneeiumepasses,into.solution. Gaudin (32. 25, 5) states that
oertain,silioates,'actiVatedfbynmetal'ionsg abstreotgsoap
e"onectors from solution". Volkova and Zaporozhetz' (35 .12.2)
ffind that in the flotation -of oertain finelyupowdered nona'
lmetallic minerals with isoamyl alcohol, adsorption of alco-
hol, as ev1denced by surface tension measuremenus, does notk‘
| ocenr.’ Peetz (28.v, ) finds that quartz does not abstract

capric acid from solution.

Changes in a Mineral in Contact

With a Collector Solution

ePhysical nature of coat"g

' Visible ooatings fOrmed hy collectors on various mine-
erals have been notedo It is stated thét visible coatings ,
. are formed on malachite by treatment with xanthates {34, 8@5A)

'ronfazurite,by amyl xanthate (28.19.1),‘and on lead oarbonate
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by’ xanthates, mercaptans and thiophenols (52 25.5) .
Fehrenwald (24.3.1) estimated the thickness of the oil
£11m formed on"sulfides in oil flotation was~10fto;10®
‘molecules, bﬁt wds'greeter if high concentrations of oil
;Were'dSed. rrhe abstraction of various collectors by pyrite,
malachite and galena (37 16 1) and copperized. Sphalerite ‘
(§7,16.4),»oorrelated to the amount of wetting, indicates
that'maximuﬁ floatability is attained:whenFa*monOmolecuiar‘
: filﬁ is>f0rmedr0h the’mineral SHrface‘~ |

Analysis of coatings on galena '

When slightly oxidized galena which has been treated
’With a ganthate, 1s leaohedfwith a solvent\for lead xanm
‘thate;flead~xénthete‘iskobtéinedcinfthe‘leach‘liquid
(33‘25 3 throﬁghfsz 25 5). On longer*tfeatmenthith Xanthate,
sulfur and unidentified oils are also 1eached from the sur»

face (53 8, 5) Gaudin (54~5 54) believes that, on long

= treatment the lead xenthate which forms first decomposes

i to sulfur and oils (probably dixanthogen), since the' amount
ofvlead'xanthate recovered decreases with the time of | treat-
3 ment*whiie,tﬁe'amount‘Of'sulfur.and'Oils increaseéG"Lead

‘ xanthate is also leached from the surface of galena treated
with aixenthogen (52.25. 5) |

: Analysis of coatings on pyrite

Gaudin et al (34.3, 5A) state that xanthates react with
‘a pyrite surface ‘to form ferric xanthate Which decomposes
rapidly to sulfur and an oilo For the latter reason, it is

,: not usually possible to extract ferric xanthate from the
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~mineral surface.

(3
¥

‘Analysis>o£~¢datingsw9n‘chaléOOite

 Cuprous“xapthate 1s eitracted from the surfaCe of chal-m 
cocite Which has been treated with an alkali xanthate (34.%. 5A)
Gaudin and Schumann (36 8. 5) leached xanthateutreated chal-
cocite With water, and with pyridine° Leaching with water
‘had no. effect on the floatabillty of the treated mineral,
| The pyridine extract contained cuprous xanthate,'and probably
- small amounts of other substancesd They conclude that the
~fiiming of ehalcécite by xanthates 1s accompanied by ‘reactionE .
of part of the xanthate to form cuprous xanthate and other
| substanees removable by organic solvents, ‘

1he c@ating formed by dixanthogen on chalcocite gives

no tests for sulfur, dixanthogen, or 011 but shows the
‘presence of various other products, presumably oxidation

prgducts of cuprous xanthate (34,5.5A),

Analysis of‘coatings on miscellaneousfminéfals
‘Base metal xanthates have been identified by Geudin
(34.5.54) 1in the visible coatings formed by xenthates on-

malachite and cerussitee Covellite reacts with dixanthogen

 and alkali xanthates to form cuprous xanthate and sulfur.

', In’the reaetion~with xanthates, dixanthogeniis formed as en .
' fintermediateiproduct,‘(54,5¢5A),'and»may‘be extrécted from
;w}the coating, ; ;’ | k :' ’

“ Wark and Cox (65 8. 1) were unable to recover amyl
uszanthate from hot water or alcohol washings,of,treated

 graphite; but obtained an indlcation of xsnthate by an
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iodine titration of'a suspension of treated graphite.
‘3 1aggart del Giudice and Ziehl (34.3.6) consider the
‘formation of dimanthogen on. mlnerals treated with xanthate

as noted'by Gaudin (33.8. 5)(34'3 54) is notfa significant

\"factor in their flotation, since~Wark and Cox (54 3.2) have

shown that the eharacteristic contact angles for dixanthogen
'and.xanthatevare;different,,and~that xanthate—treated galena

gives the typical xenthate contact sngle
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3

CONTACT ANGLES AS A~MEASURE”OFUFLOATABILITY,

%

' The Contact Angle

:ﬁhen‘a'gas bubbie is‘5f@ughtkiﬁtd eontacf‘wifh/a'solia'_
ﬁsurfaee in a liquid, the bubble may be@eme attached to the |
solid,‘or mey fail to make contact 1T attachment eocurs,
~'a7definit9 angle is subtended,between the planegtangent to
’5 £ﬁe,bdbbie'andfthekéléﬁe-of the sblid surfaéé at’aﬁy,point

 a1ong'ﬁne.1ine of,three'ﬁhase contact. ﬂThisféngle, measured

- Tan

soLip

 aéross th@'water~phase; is called the conﬁact angle;l”
: Reiﬁderis relétes the~conta6t‘anglektb the iﬁterfaeial;
’ tensigns::i ' ' | |

gas solid interfacial tension |

3
[12]
=

i

‘solid-liquid " L

e = llguid-gas " "
§ = contect angle

The “bubblé'maehine", an apparaﬁus fof‘measuriné~eon-

- tact angles, was 1ntr@@uced by Taggart Taylor and Ince

(30.3.3) and hes been described in detail by del ‘¢iudice

f-5(36¢6.1)@ A similer apparatus to that of Taggart is used



37

. by Wark and :Cox (36.6.2), who describe their machine,’and‘

give notes on the technique of operation¢ E

Significance of the Oontact Angle

AS a8 Measure of Floatability

JVJ Taggart and Beach (16:3.1) used Reinder's equation as
da qualitative guide in expressing the relation between oone;
tact angles and flotation results. |

Shepard (52 10, 1) shows that ‘the work to pull a bubble'
,raway from a solid surfaece is Tlg(l - cos@), and that, as a i
olose;approximatiqn,;collectivity is directly proporpional
to the cbntaet angle. Wark (32.22.1) gives the’ouantity
J Tlg(l - cosf) as the free energv change (wAF) associated
fwith bubble adhesion. | | |

Wark and Cox (32 22.1)(35 8.1) before using contact
augle measurements as the major tool in their 1nﬁestigations
sef flotation, made a ﬁhorough study of the significance of
the_conta@tfangle,ffrom;aumathematieal, thermodynamic, ands
i'ﬁraetica1~pointwofoview."They‘showfthat the centactW&ngle
is directly proportional to the force of eir-solid adhesion,’k
ka‘and is the best measure of the adhesion of a bubble of air |
"'and a single solid particle.: | 1'
‘ del Giudice (34 6. ,3) reviews certain Work on contact
ky ang1es. »
: Valentiner (36 9.1) does not consider the contect angle
f[ais a measure of floatability, because the conditions under

ff‘which it can'be measured do not correspond to those in flo-
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tation o S 4

fEffeét of various'factors On‘the éonfact anglei\

The following results have been obtained by'Wark and
~Cox, from an extensive study of contact angles (33.8, 6)
,(34 3 2)(35 84 1)(37 8 1)(38. 3 1),

» Clean surfaces of all the minerals examined including
kgalena, sphdlerite, pyrite and pyrrhotite, de not develop |
\‘COntact With an alr bubble, in pure water, : |

= 0n treating the mineral with 8 xanthate solution, if
it then makes contact with the air bubble, the magnitude’
of the contact angle is independent‘ofnthe‘minerall,wbut :
"depeﬁds only upon the n@n»polardgréup i@'the;¢011ector/mol-
‘ééulez‘kThis is’further evidence for thé.outwardsériéntatien'
: of this nonapolar group at the mineral surface.‘;

Certain sulfides make eonﬁact with air in the presence
‘6f any-xanthate. Other sulfides and xanthates require aotiok~
vation before contact develeps. |

: Whether any contact will develop‘betweeﬁ’anﬂair'bubble

::1; Meﬁallic»copper, Various'Suifides,kgraphite,_égifﬁr; and
,,actiVaﬁed dharcOal all show the~§aﬁe cbntact anglekin a
giVén xanthaﬁé sdlution. |
2. For gmple;-; Diethyl dithiophosphate (s p’%%) and
| ethyi‘xanthate‘ (S=c:<;?)j- give the same'contact

jangle'becauSe‘they have the samefnon—polar group .
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i and a<sulfidq in a given xanthate SOlution, depends in

general upon the solublility of the xenthate of the metal

:oontained in the mineral1 Sulfides whose metal constituents

form relatively soluble xanthates, and ganguo minerals, do

*

: not show airamineral econtact in a xenthate solu‘bione v

In an homologous sorios of xanthates, the magnitude of

1'tho oharacteristic contact angle increases with the molec-

ular Weight of the xanthate.
'For each mineral in a given xanthate solution,7 there
is a oritical pH above whioh'contact'is impossible,-and

below whidh the full angle, oharacteristic of - the xanthato,

- is obtained, For a concentration of 25 mgm. per litre of

- potassium ethyl:xgnthate, the,critical;pH valuosxfor;galona

andkPYrite'are sbout 10.2 and 10.5 rospectively,‘st fOom

temperaturé._ As the ooncontration of a particular xanthate

is increased' or if a more oomplex xanthate is usei at the

‘sameoooncenﬁration, the critioal’pH;becomes_higher,

P P

: ‘1;ii1tiwas'found, withjtheifollowing oolléctors:ij

(1) sodium diethjl dithiophoSphatel
(2) potassium ethyl xanthate |
(3) sodium diethyl dithiocarbonatek
(45 Potassium isoamyl~xanthate
: (5) potassium di~n amyl dithiooarbamate |
~arranged in order of decreasing solubility of thoiro
':heavy metal salts, that~chaleopyr1to rosponds to all
’,five; galena and pﬁrite respoﬁdsto all’except.tho first;l

~ sphalerite responds to the fifth only.
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glesite responds to potassium ethyl xanthate best
“betWeen pH 9 and 11, cerussite at a pH less than 9. In the
& presence of eoéium carbonate, 8 higher xanthate concentratien
is necessary to produce contaet with these minerals. |
'5’5 As ‘the temperature is decreased from 35°C to 10 C the
critical pH for galena, pyrite and ehalcopyrite, in the presa

ence of ethyl xenthate only, becomes lower, The»fellowing

" values ere1giveﬁ: : | ‘ B Critical pH
T T 359°C T0° ¢
| 'Geleﬁa~i";‘ 0.8 0.7
k Pyrite A ~IO;V’ HL; kﬂlOaO s ’
Chalcopyrite | 1207' | "‘ 10,9 -

Hysteresis of Contect Angle

Sulman noted (20 25 1) that contact angies show hym  “
"steresis, and considered that flotation depends on. this u
factor, Wark and Gox (34 5.2) however, believe that hy-
/steresis of the’contaet angle’is due to frictionie-They,

- wéréﬁable,to,eliminete‘iteihvtheir experiments;,hnaicbnéiude

L

“that;it does not helﬁ flotation.

Freundlich #nslin and Lindau (53 25, 1)(33 25 2) have

; fstudied the rate of Wetting of minerals. They‘nete that»

} ‘zinc~su1fide'and copper sulfide are wetted'Slery{ 1ead sul—‘

; ‘fide and iron sulfide rapidly, and that oleic acid favors

a‘iwetting.

Sven Nilsson (34,12 1) correlateskfleeﬁability'to in-
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duction time gthe time required;'in oontect angle measuree
‘ments,(for en air bubble to nake contact with a mineral),
Uand‘shoWs thét}cOllectors decreese this~time Whilefdepres;k'
\SOrs’inoneasekit ~Wark and Cox (36 8. 1) comment on this
work a:n.d show that the induotion time depends on the concenu,
k~~tration of collector soiution. | |

8 Methods for measuring wetting hysteresis in powdered
minerals and ores are described by Kiyachko (57 12 1), Who
observes a possible correlation between iloatability and

: differential wetting hysteresis of a given powder, before'

"'and after adsorption of & wetting agent

o Misoeilaneous Contao* Angle Investigations,

Contao+ angle studies made by Wark and Cox (55 8 2)
twith amines and sulfide minerals show that the max1mum con=
tact angle is independent of the amine, that copper minerals
. and aetivated Sphaierite respond most readiiy, pyrite least
readiiy to an amine, &nd that hexyleamine allows sphalerite
to be fleated aWay from galena, They~state that oontact
inéangle measurements oloseiv parallel flotation testse'“
Mokrushin and;Demenev (35,1895) haveimeesured oontact
 angles on me.’cai_ sulfide £ilms formed on a solution of the '
‘e_metai'saltk(35,12.4)0j Tﬁey‘oonoinde that‘wetting’ofjthev“k 
kotfilns is e temponery phenonenon,nnot explainabie entirely by
f:emoieouier orientetiOn,‘but due'a1SO‘to ioneadsorption from
{i3solutionei hey state that sulfide f£ilms adsorb ‘enions pre-

;{kferentially.,'
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Demeney ,(36.25.3) finds that xenthates do not chenge

 the Wettability of sulfur films formed by hydrogen sulfide

on ferric chlo@ide, Which is taken to 1ndicate that there is
1itt1e or no adsorption. He was unable to obtain the con«

stancy of contact angle claimed by Wark and Gox.;
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. ELECTRICAL EFFECTS IN FLOTATION

‘jcharge~on.minerals; Air‘Bubbles, and oil;Particles'

~‘¢t has been shewn (14 25. 1)(22 25, 1)(24 25, 3) that

air bubbles and oil droplets in pure Water carry an electric
harge, that the number of free charges 1s very small
(27.24. 2), end that the origin of the charge is probablv
jonic rather ‘than. eleetrostatica

‘Ince (30.3.2) shows that , in. similar aqueeus solutions,‘
;’eertain minerals are positively eharged others negatively,
‘ bvennNilsson (32. 25 6) states that air»mineral adhesion
is good at high values of the p@tential measured by electro-==
capillary tests peorfat low valuesgyxThe value of the pot-
‘~entia1 at which the air»adhering teﬁdency,of the mineral |

Changee varies with the minefal,'

Potential of Mineral Electrodes

'VThe pbtentials of galena, copperized sphalerite;”and
. glass eleetrodes,,egeinst;aicalomel electrode, have been

~ measured by'Kamienski and Benis (37.16.5).

EffecteoffﬁeagentsionfMinéfal Ghargé

Kamienski (32.25., 1;(52 25,2) found that the potential

of negative platinum, galena and graphite electrodes in
‘t potassium dhloride solution becomes more negative, but that

;?'theupotential offzinc 18 unchanged, on adding’terpineol and
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f ,pota§siﬁm'ethy1 xanthate to the eleétrolyte. 4his work was
" carrled out to test the theory that wetting of the electrods
will reduce ité positive charge. He suggests that oil-sul-
fide adhesion is due, to static phaseuboundary potentials.
Bull (29 24 1) determined the potential developed by
galena, and by quartz,'caprying'initial"positive’andmnegative
cpargé3<respectiVely, on falling through solutiohs,offmetal
’éalts;~ It~is Suggestedkthat certaih ions raise’the 6hargej
kon galena and prevent its collection.‘“
| Both lime and oleic acid reverse the charge on quartz,
and potaSsium»ethyl xanthate‘changes the sign on pyrite,
;according to 1ikhonov (35 25, 1).
The electrowkinetic potential of precipitated particles
; 0f meta1 ferrocyanidesvand sulfides increases during pep~’

tization (36.25.5).
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- THERMODYNAMICS OF FLOTATION

Y
S

Heat of Wettiﬁg‘

The heat of wetting of- siiica Was measured by Parks
{02.25. l) and Edser (22,2451), Fahrenwald (51,3s1) noted
‘/’tpat the~heat of wetfing is'an apprbximate measure of'the

‘adheSion of a mineral to wstef;‘and Wark‘(SQ 22 W1) sheWed‘
from & thermodynamic treatment that it is only 8 rough in=
‘dication of the adhesive force, and that the contact angle
eis 8 better measure of" this force.' Recentiy (57 25 1) the
:Vheats of wetting by water, ethyl alcohol, and carbon tetraww
‘ehloride, of pewdered barium sulfate and potassium halides

have been measured.

‘Surface Fnergy

Fahrenwaldl(ﬁlgﬁsl)khas‘estimsﬁed‘the surface;Eﬁérgy"

of quartz.

'DisplacementfPfeSsure'and*Adhesion‘Tension

Bartell aﬁd,aésociates'(zv.“l 1)(27.25. 1)(53 8.6) have
- developed a method for measuring the pressure ef displacement
;1of~ene 1iquid byfanethervat the surfaee~of a powdered solid,
;\ibv which the liquidasolid adhesion tension may be evaluated,
55/;he adhesion tension of crude oils (28 11, 1), various organic '
?erliquids and water (32 8. 3) on silica have been determined by

S

‘this method. Ii
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A relation between the interfacial angle and adhesion
ktension is given by Bartell and Bartell (34.1.1), which
allows, from.one determination of the adhesion tension or
kcontact angle of a liquid on a solid the calculation of the
adhesion tension of the solid on weter or on any liquid whose
iinterfaoial tension against water is known. |

. Bartell and Greager (32.8.3) found that the adhesion
\tension of various 1iquids on silica, oarbon blaok and cal-
'oium‘fluoride is a linear funotion of the absorbtion of the
dliquid by the solid, in those cases where 1iquid drops meke

zZero oontaot angle on the solid; and thet oil absorbtion is

1ow if the adhesion tension is high or if the oontaot angle

is large.- it is stated (52 11 2) that aqueous solutions

;Which are most effective in displacing orude oil and benzene
dfrom silioa are adsorbed on, or react chemically with the
'silioa. S | | ’

Lf the Various 1iquids studied (33, 8 6) are arranged
in the orderfofeincreasing adhesion tension against silica;
,it is found that this series is the feverse of the~series,for
£ oarbon;\andtthat,kfor”any,given liquid, the’snm'of'the'ad- |
hesion tensiOn on~silicaeand the adhesion tension‘on éarbon
is approximately constant. | ;
8 | The adhesion tension of liquids (54 8. 2) against strong-k
i[ 1y hydrophilio solids is independent of the solid used. From
“f[this it is concluded that the solids are covered by af ad-
f”,sorbed water film, Lo |

Adhesion tension studies of stibnite (64 8 3) and
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galena (35 8. 3) indicate that the former changes slowly from

& hydrapm:s.ic to an hydrophobic solid as it 13 subjected to
successive limzted oxidatiensg and thet the latter is either
korganophilic or hydrophilie solid, depending on whether
’it is first wetted by an organio 1iquid, or by'water.f
“ mhe rate of displacement of water by pine oil" from mino
'{'eral surfaces has been measured by Barsky and Falconer
s(Sl 22 1), following the method of Bartell {e7.11., 1)(27 25 1)
g They found that reagents Which produce flotation cause the
: oil to displace the water, whereas depressants have the reui
"verse effecte Wark (32.22. 1) discussed this work and criti-e'~
cized the conelusiens,
David and Curtis (32 11 1) have also studied Wetting ‘

"'of minerals by water and erganic compounds.;

: ‘c;ofntaeﬁ’ Angle e a;‘Theﬁmoayh‘amic; Quanmty |

Wark,(32;22.1) gives the following relationships*
' < AF (lecose)

ﬂ‘

AT ,=gAH' - TAS
AS =

ihg = 1iquid=gas interfaeial tension

<
"

Contact angle,

>
=
"

heat'eﬁfwetting
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MISGELLANEOUS STUDIES OF WETTING

Agnes Pooieis (63 12‘2)’noted that the‘readineSS'Withk
which a solid is wet by water decreases after drying. |

Metals and metalloids, crushed‘under water and then
brought to the surface, exhibit certain water—repellent
oharacteristics, according to Devaux (33 25.5) |

Luyken and Bierbrauer (29 25 1) measured the’ wetting
‘of minerals by the contact angle formed at a drop of solw
‘ution on the mineral surfaoe. e |
| ', Bartell in connection with his work on sdhesion tena
sion~of;11quids,against solids,,has determineq the\contact
B angle formedkby liquidtdr0ps on/solid 8urfaoes (29¢11i1)‘
(32.8.3)(34,1.1)(35.8.3), end has studied the wetting char-

' acteristios‘of'talo; waXes and resins (56 1‘1) by this

b techniqueo He found that water and organic liouids form

contact angles on talo waxes and resins, and concluded that

' the surface tension of these solids is 1ow. He states that '

‘solids Which are soft and have a 1ow surfece tension are
| wetted 1ess readily by liquids than hard solids of higher

surfacevtensione



- 49

THEORIES OF COLLEGTOR ACTION

g
L&
g

‘ ‘Inﬁroduetery

SeVeral theories of cellector action heve been’pro-
sposed.w Most Workers now agree that the collector or col-
le@tor»ion~is»remeved fremwsolutiem~by the mineral, with
consequent alteration of the mineral surface to make it morek

's hydrophobico lhe mechanism of the alteration is not agreed
upon. It is thought to be either metathesis between negative*
“ions of collector andspositive ions from;the mineraléior ad-

lsorptiOn,oflan’unspecified natdre.

Chemlg cal ‘Th‘z-eor‘& i

What has beeeme known as the chemical theory of flota-
:~ tion was introduced by Taggart Taylor and Knoll (30. 6 1),
~and amplified in later papers by Taggart and his asseciatesk/
7 (32, 8 1) (34. 5 6) ~In the flrst paper the generalization is
- made that soluble collectors react with minerals by metau
{ *thesis between mineral cations and collector anions ‘and that
the formation of a water-repellent film on. the mineral makes
- it~floatable, while the formation of a wateraevid fllmwmekes
7?fit non»floatable.‘ It is further stipulated that the reaction \
:~1of a xanthate with galena requires previous oxidation of the ‘
‘i;galenefto~form lead sulfate.~ This mechanism was verified by

”f”the stoichiometric Balance between ‘the xanthate ion abstrae-"

yf‘ted by the galena and the lons, derived from galena, which:
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appesar in solution, by the nonuchange in potassium ion con=

i oeﬁtration in solution, by the nonedetection of sulfide ion

in solution, by the reeovery of lead xanthate from the sur- E

irface of treated galena, and by the poor floatability of'
fresh galena‘ | |
‘Opponents'of‘the chemical theory, however \havefﬁotedi
that the floatability of anglesite (natural lead sulfate)
kis ‘less than the floatability of galena; that eertain miner»
~ka1s such as. gold (54 3. )(35 8 5), sulfur and graphite
(55’8 l)(37f8 1),”whioh~do not ionize in the usual Sense,
are collected by xanthates~ and that xanthates are more sol—
“uble than the corresponding sulfides, rendering improbable
the~suggested resctionuinxwhich‘s sulfide is replaced by a
Xahthate; ‘Taggart"(s4‘3.é)'does;not beliove that gold flo-
tationfdisproveskthe’ohemieel‘theory;~as he was unable to
k:float~pure gold until it.had been“treated by é disSOltiﬁg
v':agent presumably to provide gold ions required bv the
"ohemical theory., He explsinsfthe aetivating,effeot of sodn’
1i»ium hydroxide-onoeassiterite; and of sulfides oﬁioXides, as
*;ibeing due to similar effects. B |
- Cox and Wark (53 8.2) contrasted the chemical- theory to
'adsorption theories, and pointed out that a true chemioal
:x;theory implies adsorption can only occur when the solution
Lt_is saturated with respect to the adsorbed compound .,
-~ Gaudin (32 25,5)(34.3, 5A) takes an intermediste stand.
| He;believes,that ehemiosl reaction iS'responsible forfthe

3,*co11eet1¢n of some minerals, (e.g. azurite by smyl xzanthate,
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‘Which forma a fisible ooat); that metathesis isfthe;mechan-‘
‘ish5 at least‘in»part”‘for~oollection of galena,‘ohalcooite '
‘i and covellite by xanthates; but that the original reaction
ig%is followed by deoomposition or oxidation of the coating, so
klthat the coat during flotation may or may not be’ base ‘metal
| xanthate.l He states that;oollection of sphalerite_by phenyl ‘
‘hydnazine; andkmono-isoamyllamine; and of'chalOooiteﬂby.mono;
"iSoamylamine and methyl qdinoline ieenot~explainable'on~the |
basis of ins olublef?;oompf ound formation.
‘A-mechanism for the flotation~of’pyrite,yiniaOCohdanoe‘
with the chemicel theory, is stated by Taggart ot al (34.3.6):
Pyrite is oxidized to ferric sulfate; which by metathesis

\nﬂwith~xanthate i@n,‘forms ferric xanthate.

Ads orptian Theory

7 _ ‘Fghrenwald's early werk dealing with oil flotation ,
ii (24, 5 1) led him to believe that the heteropolar oils used
ffias reagents were~adsorbed,fpossibly as oriented films, on k
7iethe mineral surface, and that adsorption took place when the
;j*mineral partioles and oil droplets carried unlike charges.
:JjAs early as 1921, Hyekewitsch (21.25.2) stated "the differ—ik B
ff!enGe of adsorption on gangue minerals and metallic minerals
L4 due‘to.differenoe of structure.l The space lattioe of
fffgangue minerals is made up of molecules; that of metallio
?h,minerals of - atoms., ‘The metallic‘minerals therefore have a

f;kresidual valence. or unbalanoed statio force at the surface

;jwhich,is~responsible for adsorption .
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~ Berl andﬂassooiates (25 25.1)(24.12. 1) Were able to
float quartz by the use. of dyes, and conciude that adsorption
‘of the dye at the mineral surface forms a hydrophobic coating
‘whioh renders thevmineral floatabie., They state “that theref
is no relation between the sign of the charge on a mineral
and 1its floatability. |

£ Gaudin (28 5 1) postulated that xanthates adsorbed at
mineral surfaces to form.non—Daltonian compounds,7 Schaum
and‘associates (52,12¢3) stated that eolieeting actiOn’is,

'1 due'to ioniedadsorptiOn;f Bartell Miller and Almy (33.1.1)

"discussed the application of the Gibbis adsorption theorem
to solid»liquid interfaces.'f :

“ Adsorption of the collector at a mineral surface’isk
thought by Cox and Wark (55 8, 2)(34,L 2) to result in a
olosely paoked'film, with the'alkylkgroups oriented outward,

fGaudin'(54.5.5A)‘disoussedsthe adsorption theory, and'

noted;that there is doubtfas to whetherhthe adsorbed entity
is xanthiokacid oryaikali’xanthatein01ecu1es; kanthate ion;
~ base ﬁetal xanthate‘moleeule;kOr Xanthate oxidation products;_
!t;Adsorption theories,- in general have been criticized by

iaggart and assoclates (34 3 6) as not explaining the unchanw,'
;t ged potassium ion concentration, or the recovery of 1ead
_51xanthate from treated minerals. Their conception of adsorp=‘k
:rftion 1s based on the Gibb's equation.
De Boer and Custers (34.25, 4) have attempted to calcuu

ji,late the energy of adsorption by considering it to be the

érrsum,of,the van der Waal's and eleotrostatio forces. ‘lhey
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i fShow*that7moleoules‘with a~highwdip01e‘moment are largely

| adsorbed electrostatically, while vean der Waal's forces act,

| With the non»polar portion of the adsorbed molecule,, Wark

‘ and,cox;(55,8¢l), on;the basis of this work, oonsider thattk
the~unbalanoed‘forces,'particnlarly'eleotrostatic forces,
at solid surfaces, act either on dipoles or dissociated ionsj'
';:of the collector, since collectors have either a high dipole
moment, or a high degree of dissociation. Specifioally, on -
graphite, xanthate ion is- adsorbed with a surrounding layer
o of potassium ions,‘and every second carbon atom of the gra- :'~

| phite surface, oarrving an unshared electron9 should ‘be able'
to adsorb avxanthate iono ,Thev consider,that the force bind-
ing ethyl xanthate ion to lead sulfide is stronger then that |
binaing it to lead ethyl. xanthate, and that the concentration*
of xanthate ions;in‘equilibrium With such different,surfacesi

tmust.also~be differenﬁ?;

Ostwald’s Theory

Wolfgang Ostwald (52 12 1) introduced the concept of"
‘l"linear“ flotation which involves a threenphase (airnwater-‘
E ;mineral) linear contact' as contrasted to oil flotation,
:6~which involves only a two«phase (oilmmineral) contact. He
;s_states that film flotation uses diphilic oollectors such as
itloleio acid, While “linear" flotation uses triphilic collec-
“;,tors. A triphilic collector oontains a oapillary aotive
l?,group, and groups With affinity for metal and for water res--

(;fpeotively.k He stated that ethyl dixanthogen is not a colleo-
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tbr;kbecause~0f the‘ebSence of a hydrophilio’group; while
carbanilid and thiourea lack: capillary active groups.~

Evidence in support of Ostwald”s Theory is adduced by
King (36 12 3) from observations with nickel dimethvl and
diphenyl glyoximee and galena. '

, Ostwald”s Theory is contradicted by photographic evi-
denoe»(32912»2) which shows that the mineral,.as such, does
hbt~extend'into the'eir phase;> The oompoﬁnds stated’by 0st-
wald to be non»collectors, are collectors in alcoholic 801-
'.ut«fiono Wark and Cox (55 8. 4) have dlso criticized Ostwald's“

';Theory.,

| Electrical Theories

Early explsnations of flbtationk(15e25e2)(l6Q25.l):r
’(17.25§l),oonsidered that“airpmineral'adherenoe was due to
 differenteelegtrioelfoharges on these phases. Gaudin P
f(32‘25[5) believes; hbwever,*that'the earlykinvestigetors_

ﬁrkconfueed the electrostatic charge on minerals with the k 

f*~dharge due to the Helmholz double layer, whieh exists around

:;iairububbles, and notes that the existence of electrostatic

: ~eharges ‘'on partieles in an ore pulp presupposes the pulp is

tt"a dielectrie, Which is not the case.

| Fahrenwald (24 3.1) believed that selective oiling of

Ri;a mineral Was the result of favoreble electrical eharges on
‘othe oil and on certain mineral particles, and that flotation

";could be . controlled by regulating the charge. He correlated

J;~floccu1ation and peptization,kes indications of the relative
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oharge oarfled by the‘particles to flotation and dépressioo;
;, resbecﬁively.ﬂ Ridsdalo Ellis (US Pat, l 425 185) agrees | |
’with Fahronwald9 and considers the function of chemical re-

’agents is to control the sign oﬂ the charge on particles.

' Previous oorrelation botwoen flocoulation and flotation had
‘”been,notedﬂbyisulman (20.25,1),3Edsor (22.24.1) and Bartsch
(24, 25.1).. “Rals,t'on_andy Barker (31. 225) commented on the
;effect of collectors on flocculation in practical flotation.

rahrenwald (Bl 22 4) advanced the facts that sphalerite is

i weakly peptized in water,«strongly‘in dilute sodium cyenide;

'-‘quartz is poptized in wator‘ copper sulphate flooculates a

sphalerito suspension in sodium cyanide as further ovidence
kfor the connection betweon flocoulation and flotation and
 between peptization and Wettingo | ;

laggart Taylor and Knoll (50 ,3.1) observed that partica
llles in Brownian movement do not float;'and noted that Browno
5,ian movement oan be controlled by the presence of reagents.
l‘These workers could not explain certain of their results by
';:the'kinetic theory@_fmaggart, in~a later~review (5208@1)“
glhOWever, offerS'am éxplonation for theopreviOHSly'obserﬁod
°,offects of reagents on the Brownian movement which is not
k!“in disagreement with kinetic theory. |

| Wark (32 22 l) belweves that dispersion, as such, 1s
;lno bar to flotation, but that the surface conditions whioh
1l1gad to,dispersion~alsoyhinder flotation, ~Gaudinf(32.25,5)k
fotakes;thejopposingfview to,FahrenWald,lTaggart, ot al, and

 considers dispersion is necessary for flotation. He cites



56

;therpracticalguse of dispersing agentsv(snch asisodium sili-
cate)_WhichfProdnce cleanerqconcentrates and yield higher
'kreCOveries;; Ir more recent work (54 3.6) Taggart'conclﬁdes
that flocculation 1s independent of flotation but that par»
ticles in Brownian movement ‘will not float because they are'
“already wetted. | |
o rikhonov (35 25 l) noted that xanthate changes the sign
ff‘of the charge on a mineral but does not consider that elece
trostatic charges can account for all flotation phenomena0
1;Hecent work by Shneerson (36 16 4) shows that xanthates ina“‘
crease the rate of flocculation of malachite euspensions,

and- that flocculation is due to adsorption, and fixation of‘k

~;polar groups on the mineral.,

‘MiscellaneouskThéories"

~Volkova‘(35o12 5)“has'explained thekflotationfoffasbes?
tos and barite by assuming oriented coagulation of powder
particles -at a phase boundary. ‘

Hel'd (55016 1) distinguiehed three types of molecular
éf,attraction in«flotation: (a)'molecular adsorption (b) ionic

'Edéorption fand“(c)7chemical reaction; 'He'stateéethat'the‘

ijftype is determined bv the properties of the collector, end
i;athe elements of the mineral crystal lattice. B '
Shvedov (56 16.2) advanced a modified chemical theory
lnfor the reaction of collectors with the products of semim

"noxidation-of minerals,\
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'DEPRESSIUN
'A'depreSSOr'ls a ehemieel used eithef before, cr'in
'conjunctlon with e collector, to decrease the recovery of a
specific mineral. |
,Acids\end alkelie meykbe classed asedepfessprs;; Their
action, ‘howsver, has besn considered under the hesding of
jthe*effect‘of‘pH,en'collector actione | S |
kSediuﬁ cyaﬂide,ielused extenslvelykto‘depress‘ephalerw :
ite, Soluble chiomates are ueed to loﬁer‘the’recovery of

’galena; and‘llme is:sometlmesxemplOYed to‘deprese pyrite.

EVIDFNCE OF DEPRESSION OBTAINED FROM FLOTATION
v TESTS AND PRACTIGE

‘JVGalena
" The depressing effect of varlous cations (28 19.1-7P, l)
(29.8% l) on galena, ‘which decreases through the seriee* |
~cr et ol cu? Fed Hg? Hg} agt Pp2 ca? Co? corresponds
‘reughly to the lnselublllty of the sulfides formed by the
:cationso Gaudin (52.25,5) term8~this class_of &epressant
1jk"toxic agents", because there is no evidence of chemical
l“reaction between reegent and mineral.f’ k
;Oxldized galensa (32 25 5) 1s depressed by chromates,
l;~phoephates, tungetetes, arsenates and arsenites, Compounds
{leof lead Wlth these aniens are, in general less soluble than

Veither the oxidized coating on galensa, or the lead salt of
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the colleotor used,

Buchanan and Christmann (27 2,1) from flotation tests
on pure‘galena;specimens,'using as collectors (1) pine oil
and potassium ethyl Xanthate (2 phosphocresylic reagent
';kand (3) thiocarbanil1d=o=toluidine mixture, found that lime
;depressed galena - With all three collectors, while sodium
carbonate and oyanide were depressants only when using the
third collector. “

y Trusov (35, 76 2) found that galena is temporarily de-
: pressed bv sodium hyposulfite, but not bg sulfite or thie-
sulfate, | | |

Pyrite

The. depressant action on pyrite of lime (30 3. 4) and -
"of sodium cyanido (50 25, 2) have been studied, :

’ Buchanan and Christmann (27 2. 1) found that " 11me |
strongly depresses pyrite at concentrations above 0.75 gm.‘
per litre (pH 7. 0 or higher);'sodlum carbonate up - to 4 gm.
per litre hes 11ttle effect with the first two collectors,
‘but at concentrations above 1 gm. per litre has 8 marked ‘
u':depressing action~when;used-with the third collector; ‘sodium
Eefc?anide%is a strong deproséant'at cohcentrationofgreatef than
eirl em. per 1itre for the first and greater than 0. 25 gm. per
verlitre for the other collectors.k, ‘
righton Burgener and Gross (32.6. 2) found that the

o depression of pyrite is proportional to the sodium cyanide

tciconcentrationvfor a givenfsize’of partlcle,, Smaller particles’ .

ffﬁrequire‘angreater concentrationkof Cyanide7to‘effect'the
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sane amOunh of depression.

. pupe Sphalerite - depression by cyanide :

Gaudin (30 3 7) found that sodium.cyanide has no. de-

: pressant action on unactivated sphalerlte when reagents are
used.which collect unactivated sPhalerite (e.g. amyl xan-
thate, thiecresel, amyl mercaptan). Wark and Cox (54,5,~)
,do:not ag'ree with Geudin. A‘ccormg to Yamads (‘56 5‘257) ”
the effect of cyanide on the fleatability of sphalerite is k
very slight

Aetlvated Sphalerite - depression by cyanide

Flotatien ef sphelerlte, possibly unintentionally acti-
‘ vated - was studied by Buchanan and Christmann (27 2.1), Who
| ]found that sodium.cyanide, at eoncentretions greater than
;i0~25 gms . per litre,~is a strong depressant I sphalerite
is. intentienally aetlvated by cepper sulfate, more cvanide
is required to cause depress1on.

| Gaudin (30 5 V) showed that cyanide completely depresses
copper-activated sphalerite, by dissolving the copper sulfide
'coating~and removing the copper ionzfrom;solutionuas,undis=
seciated Cu(GN)s ion,ﬁ | |

The depression by cyanide of sphalerlte is less than

 *‘thatuof'pyrlte,,aceording to Brlghton, Burgenengend Gross~”
fr:(52;é;2),f~leasfe;feBtersim deﬁressioﬁgwasfrecognlzed by
& Gaudiﬁ'(QQ lddl) Kraeber (50 25 2) haslstudledltheliﬁflua,‘f
ﬁﬂ“ence of cyanide on the floatability of zinc minerals.
. necent work includes that of Mitrofenev and Arashkevich

»‘s(36616,1), and Mantsev;(37,l6;2). The latter found ‘that
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'ooppef;activated sphalerite is completely‘depreSSed, as
: evidenced from wetting diagrams, by 0. 005% sodium cyanide,
- when using potessium iso-amyl xanthate as collector. -

: Sphalerite - depression by reagents ‘other thsn cyanide

Pallanoh (28 3. 2) shoWed that soluble sulfites depress
',sphalerite, but not galenaok,Trusov (5551692) founqothat k,;
'sphalerite is slightly depressed by sOdium‘hyposulfite, but
~t;strong1y depressed bv its decomposition products: Sulfites
 }kand thiosulfates. W | | | B
',Hellstrand (US Pat 1, 469'042 - 1923) hestbatented the

- use of sodium sulfide as a depressor for sphaleritea Slads‘t

'i kov (36 16 3), as-a result of 1aboratory and plant tests on

‘sta 1ead—zincacopper-iron»gold'ore, considers sodium sulfide
is a betterksphalerite depressent than’eyanide. B |
| Bﬂcbanan end Christmann (27 2 1)'foﬁnd thet‘lime‘dea
presses sphalerite strongly with the first, slightly With

'the second collector they studied, snd that sodivm carbonate
kmdepresses in the reverse order.

Vk The- depressant aetion of sodium carbonate and zinc‘
"fsulfate has been investigated by Mitrofonov (36 16. 1)

Mantsev (57 16. 2), from a study of wetting diagrams,

 states that ferrooyanide does not depress activated zinc

'f'sulfide, and that ferricyanide is less effectlve then cyan-
| ide“as,a depressanta ‘The aotion of ferricvanide is inoreased ;
‘fbelow pH 5 and decreased above pH Qe ;

Sphalerite is depressed by potassium didhromate (500

k??_g}“per ton‘of ore)ﬂatva pH{above 5,453 by ‘teannin (500 g. pers
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5 pton~of‘ore) at a pH~ab0ve 5.25; and by~pote381um permangan;
p ate (100 g per ton of ore); but is not materially &ffected
,.by zine sulfatezer sodium chloride (56 25 7y |

'; Chalcecite,

Tucker, Gates and,Head (26 3. l) observed that chalcecite

sﬁis depressed by cyanide in alkaline selutiono According to
'Gaudin (32 25 5), chalcocite is depressed by thiosulfate,

| *sulfite,/sulfide, and ferro« and ferrieyanide.

eChaleopyrite

Ghaleopyrite 13 depressed by oxidizing agents, eyanide,

Sulfide,~and lime (32, 25»5), but not by hyposulfite, eulfite,'

. or thiesulfate (55 16 2)% Brighten, Burgener and Gross

d(52 6o 2) hewever, state that sodium cyanide, up to 1 lb. per
ton of ere - has no depressing effect . Reeent work of“Yamadad
and assoclates (56,25@6},1ndicates that 893 g. potassium
’eyehidedper tendef ore, at'pH:VGB,,eauses a sudden]decreese

in the floatability of chalcopyrite.

"’,Misceiianedus ﬁiﬂereis 3

, The Work of Yamada and assooiates on arsenepvrite
(66 25 1), enargite (36.25, 2), marmatite (57 25, 2) and stibe

dnite (37 25, 3); indicates that arsenopyrite is depressed by ‘

- copper sulfate belew pH 5, and by sodium sulfite, potassium

{”>cyanide, zinc sulfate and tannin above about pH 5 that"k
?:lenargite is possibly depressed by cyanide in alkaline solm
‘:fsutien, that marmatite is depressed by zinc sulfate above pH

i 5. 4, aﬁd is also depressed by tannin, that. stibnite is de~~ i

7f*pressed by copperisulfate in the karange B.u,to_7,0,’and
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k‘by tannin’injﬁys range 6.2 to‘ﬁ,2; ‘ : ,
‘} Gaudin sﬁéteskthatcceruSSite is dépressédkby alkali
ehromates (52,2§;5). | | ‘ ; 'v
© Belash (36.16.5) finds that sodium sulfide depresses
;molybdéﬁﬁm in1p§rtialiy oxidized su1fide ores of‘ﬁolybdenums
| Sulfidized mélachi,te (37,16 ;_72)‘,‘ es evidenced by wetting
diggrams, isygsmpietely depfésséd by eyanide, but unaffected

5‘by férrdbfand ferriGYanidesoi
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‘QEXPERIMENTAL EVIDENCE,FOR THE’REAGTION‘OF DEPRESSORS

e

R WITH‘MINERALS

f'Changes in a Solution of Depressor in Contact with a Mineral

(Abstraction of Depressor)

Gelena |
“Galena;does~nbt%abstractlcyanide*iOn«from solution (5256.2)
Pyrite | ‘ S |
) Pyrlte abstracts cyanide in proportlon to the soluble
ircn present, and to the exposed,mineral;surface (32,6;2)

kkGhalcopyrite

S Chalcopyrite abstracts more cyanlde than sphalerite, but
\‘less than pyrite \52 6 2)

lSphalerite

E The abstractien of cyanide from solution by sphalerite is\
| gfeater than that by galena (30.3.2), but less than that by .
7’pyr1te (32, 6 2), gince sphalerite is dissolved by sodium |
flcyanide (5O@L.8) When sphalerite abstracﬁs cyanlde from sol-
/ution, the eoncentration of sulfate lon in solution increases‘
' (30 5,1);' The abstpaction by copperized sphalerlte is greater'
ﬁjthan by unactivated mineral (30.3.7). |
S Mokrushin and Villesova (35.18.2) found that copper
i;Sulfide films, formed on the'surface~of a oopper sulfate sol-
;lution, adsorb chloride ion from sodium.chloride solution end
flzincxlons from zinc sulfate solution. They believe that the

latter ions aré,held‘as if a zinc stom had replaced a copper
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- atom in the. crystal 1attice, while chloride ions are held as

l if by true adsorptiono

-

vChangQSgin_a£Minera1«in,Contactfwith~a“DgPressor Solution

Tucker and associates (25 3o 1)(26 3 1) claim that oyanide
‘ prodnces a visible change on the mineral surfaces they inve5= '
‘tggatgd, Previous experiments (20.26.2), and later attempts |

- to duplicatokluoker's findlngs (50;553)(50.3,7)(28,9.1)’do ,
:,ﬁofkoonfirm~thé preoencé‘of visifle ooatingsg iuckér'and

1 associates also olaim to hava analyzed the coating formed on
osulfide minerals by lime and cyanide. . | |

E Gaudin (32 25, 5) states that ohromates produce a visiblo-

4kcoating on oxidized but not on fresh galena.
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‘VCONTACT'ANGEE STﬁDIESQOE1DEPRESSION

The results of contact angle measurements,‘outlined
l;below, are those of Wark and Cox (34 5 2)(54 3 3)(54 3, A

;(56 3 l)(36 8, l)(SV 8 l)(SB 3. l), except Where otherwise ncted.

JDepressiOnTby‘Gyanfde~

vGalens‘
Cyanide, in the usual concentrations, does not affect

i~'etir=’ga];ema contact with any of the collectors studied

d_Pyrite’u pure mineral ' | |
“ Cyanide lowers the critical pH for pyrite. As the pH isd
':increased the critical cyanide ccncentration for pyrite and
lchalcopyrite is decreased. :
| The cyanide concentration to prevent contact with pyrite
Tland chalcopyrite, when using the following collectorsf
= l,~scdium diethyl dithiophcsphate
'2} potassium ethyl xanthate
S.fsodium diethyl dithiocarbamate
r;4.kpotassium 1soamyl Xanthate
: 5, potassium di-noamyl dithiocarbamate
t(arranged in order of decreasing solubility of their heavy
ﬁ{metal salts), increases in the order 1 to 59, '
lhe concentration of cyanide to depress pyrite and ohal~

ccpyrite decreases slightly as_the temperature,is raised,frcm

10%. to 35°C.
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It trimethylcetyl ammonium bromide is used as collector,i
. pyrite ‘is not depressed by cyanide, but is depressed by cop-

. per sulfate usedfwith cyanide, presumably by,the”effect'of:
the . cupricyanide ion. g |

: Pyrite = in the presence of copper sulfate

: If 00pper sulfate is also present, centact is similarly
: prevented by cyanide with all five . collectors noted. =

with ethyl xanthate, at-a given PpH, the cyeanide concen»
tratien to prevent contact with pyrite is less ‘when copper
sulfatewis present but With chaicopyrite, is greater.
| ‘The coneentration of sodium cyanide to prevent airepyrite
contact in the presence of copper sulfate and ethyl xanthate,
inereases;rapidlykwith temperature,to a maximum at about
‘\35é=-40§0g Tt is suggested, therefOre,pﬁhat the best;separn
ation~of‘sphalerite or‘ehelcopyrite from pyrite isAeffected,’
at a low temperature and 1ow xanthate eoncentratien.

phalerite = pure

Pure sphalerite responds to potassium di-nmamyl dithio=
s carbamate and makes eontact with sn airebubble. If cyanide
is added this reSponse is prevented.k . |

Mokrushin and Demenev (35,18.1) have found that potas-
fﬁysium cyanide decreases the contect nngle to zZero at a zinc
1e}sulfide £1lm on thensurface‘of a~1iquid.'

 Sphalerite - activated by copper sulfate

Cyanide makes copper activated sphalerite nonmresponsive;
- and prevents activation of pure sphalerite by copper compoundsp

"3fun1ess the COpper ion concentration 1s in excess of the ratio
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 lowssew.
 § AsdinCTease in the pH:iﬁprOves’theeection of eyanide. |
Temperature has}little effeetkon'the'COncentration of cyaﬁide
frequired to.gepress‘eopper-ectiVated Sphelerite;
'@henkamyl xanthate is used es,cqllector,,in:the presence
' bf,eopperrsulfeﬁe; and at a gi?ep'pH,;a'greater,coﬁcentration :
kd§ eyenide;iS‘required>te ppevent'eentect; than whenfeﬁhyl *
:hxenthetekisfused eSgﬁﬁe'eeileetOr;A‘The,effecfeis greater if
'Lhe pH is high i iy , ’ ‘ ;
Taggart and assoeiates (54 3 6) neted that a sphalerit e’“;
"sparticle, showing no cantact in a xanthate- cyanideacopper
: sulfate solution containing cyanide in excess of SCN 1Cu
:’ratie,kdoes not respond to. xanthate after it is removed from
the solution and washede ‘, ‘ T
If copper sulfate is preéent the cyanide ana/br'elkali
necessary te prevent contact with sphalerite is prOportional
;Vto the cepper sulfate present |
| In the presence of a collector, less cyanidelissreQuired'“
tfto prevent activation of fresh sphalerite, than to deactivates
‘esphalerite that has been prev1ous17 activated. The emounts |
;;approach each other eas collectors are used in the order 5, 4,
- 3 2, 1. in the series given. With diethyl dithiophOSphate,
fiethe amounts are equal. This suggests that more cvanide is
;erequired to remove the copper xanthate, than to remove the
?Tcopper»bearing ac+ivation film frem.sphalerite,~

1if trimethylcetyl ammonium bromide is used as a collector

kﬁfsphalerite is not depressed by cyanide, but is depressed by a
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/Zimixtu}efof'éppper sulfate]and:sodium~eyanide; presumably by
 the- cupricyanide iono | '
: Chalcopvrite (see also Pyrite)

If eepper sulfate is present ‘the amount of eyanide and
‘;alkali used either alone or together, Which 13 necessary to
:,prevent contact on ehalcopyrite, is proportional to the copu
7,per sulfate~present. Tempereture has little effeet on’ the
;‘concentratien of cyanide required to depress ehalcepyrite in
;rthe presenee of cepper sulfate. ‘

Mekrushin and Demenev (35, 18 1) found that potassium
ftcyanide decreases the contaet angle to zero et a eopper sul-
iefide film on the surface of a liquido

*,Miscelianeous minerals

Covellite is 1ess sensitive to cyanide than is eetivated,v‘
ffsphalerite¢,' i ; | B

| | Marmatite, christophite and Sphalerite, in the presenee
g"of copper sulfate, ere equally sensitive to cysnide and/or ‘
k;saikali Pyrrhotite is not activated by cepper suifate in the
'f:same manner,;; : | '

‘k Graphite and ehareeal are unaffected by sedium cyanide,
' with ethyl xzanthate as collector. |
& Tinstene is depressed by a mixture of eepper sulfate and -
hrﬂodium cyanide, using trimethylcetyl ammenium bromide as coier
: 1ector.;r - VFA |

£ Arsenopyrite, like galena, is unaffected by cyanide in

gfthe absence of copper sulfatee In the presence of copper sul-

f@‘fate, the effect of cysnids 1s similer to its effect on pyrita'
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The centact angle at films of bismuth sulfide formed on .
5~the surface of a 1iquid is decreased by potassium cyanide,

‘ and more strongly decreased by silver nitrate, according to

’ Mokrushin and Demenev (35 18. 1)

k4

EDepreSSiOhfbyfSodiumeﬁlfidee

E

Sodium snlfiéecdepreseec sulfides,k Thekccncentraficn~of
- écdium°sn1fide”tc preﬁent cOntact icna’function of pH. ‘Hs”"
ion is the effective depressant There is a critical HS”
“concentration for each mineral just sufficient to prevent
:u response to a given potassium ethyl xanthate concentration.
“The xanthate concentration does not greatly affect the erit-
"ical HS‘ concentration. e |
' Gopper sulfate influences the effect of sodium eulfide
' on chalcopyrite ‘and galena, probably by removing the sulfide
cficn as copper sulfide,
If trimethylcetyl*ammoninm'brcmide'is,nsed'as a ccllectcr

 sodium sulfide does not depress sphelerite or pyrite. |

Depression by other Reagents

 Copper Sulfete depreSSes pure'pyrite, under ceftainf.
chonditions,'with sodinm diethyl and pctassium di-n~diamy1
;:dithiocarbamates.~ a o
Silver nitrate reduces slightlv the contact angle on
'ecfilms of ccpper sulfide and zinc sulfide on the surface of a

‘ffliquid according to Mokruehin and Demenev (35 18. 1) 1
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Depression in Génera1

i The ‘amount. of cyanide, at a given pH to preVent contact

vwith pure minerals, increases through the series pyrite, chala

,copyrite, bornite,’covellite,‘and/chalcociteg if- copper
k fsulfate'isialéo~present theforder is pyrité, sphalérite,
:‘dhalcopyrité; The resistance of a given mineral to depression
: by eyanide becomes greater as collectors are used which form
more~in8@1ub1e salts_of the‘metal in the mineral.

| ,The inf1uence ofkcyanide Qn cOppér éndiron;mineials‘

appearS'to dépend only‘uﬁoh‘ﬁhe cyénide ion coneeﬁtratidﬁ.
There is a critical cyanide ion concentration for each min«
ﬂeral just sufficient to prevent contaet The pH of the
salution, if below the critical value (see Collectors -
‘,1Effect‘of.pnion Gonta¢t Ang1e) is’important’only~so far as
'itﬁcontralskfhéfcjanide~ion conoentratibn,v_Ithhe pH is

sbove the Qriticél;valué, contact 1s impossible, whether

 eyanide is present or not.
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.~ ° . THEORIES OF DEPRESSOR ACTION

Depreésion~by'0yanidev

’ AocOrding‘to Ince (30‘3’2), cyanide forms an insoluble

;metal cyanide on zinc and iron sulfides with the water- avid
cyanogen groups outeruorienteda He states that no simple
'{ cyanlde of lead 1is known, but this is not confirmed b& hand-
books, | o | ’
| A theery ef depression has been advanced by Berl and

© Schmitt (30.12.3). Christmsnn (30.2. 1) ena Buchsnan (31.22. 34)
‘i believe that complex cyanide ions are adsorbed by sphalerite; :
kt_but mey be replaced by copper. ?heyselso suggest (27.2,1)
::tnat’pyrite‘isﬂdepressed by‘oemplex iron ovanides’formed”by
’:dthe resction of oyanide and soluble iron, |
7 Fahrenwald (31 29, 4) believee that depression involves
‘~;peptization, and. that eyanide forms a zinc cyanide f£ilm on

- sphalerite Which~does»not reaot;with the~e011ector. The de= g
: »sirebility of meking electro-osmotic measurements on sphal-
’A eriterin'the presencekof~80dium'eyanide, to‘deternine if 1t
‘g-becomes more polar, is suggested by Buohanan (31. 22 4)
: Taggart (32 8,1) contends that depressors react with

" mineral surfaces to form adherent salts which are 1ess
"isoluble than the salts of the collector with the metal in
~5fthe mineral. Gaudin'(52*25 5} states that the effect of
<ﬁéeyanide on pyrite may oonsist of coating the mineral surfaoe,

or in the solution of an activating copper film. Brighton, ‘,;'
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g Bupgenerdand:%rose (32;6;2) oopolude that oyanide prevents
metallic xanthaﬁe formation on thes’urfaoes‘ of pyrite and
sphélerite, eiﬁhefﬁby forming a{precipitate,ﬁa weak salt,
or complex~ion;'orfby'diSsoiviﬁg/ap,existing,filmfof xanthate,iA
" Géudiﬁ(ﬁ@ 3.7) 'Stétes that ‘depression of cOpper;a!et,Wated |
~‘spha1erite is due to solution of the copperubearing coating
to form undissociated Cu(CN)5 ions.\o |

"Taggart and associates (54 3 6) advanced the theory
o‘that cyanide either dissolveskthe oopper sulfideffilm on ac=
| tivated sphalepite or reeots wiﬁh andAremoves the’copper ion
’ made available bv oxidationo fBecause the COﬁeentrationfof
'1cyanide to cause depression Varies with the collector used,
they state‘that removal of,a'oopper sulfide film~oan not be;;:
the entirepmechaniemovahey incline to the view that cyanide
i diséOlveskaffilm ofdouprous xenthate from acﬁivated Sphaiern
ite bub- also forms an insoluble zine cyanide ooat on pure
: sphalerite. They also suggest that depression of pyrite by
'l eyanide involves coating the mineral surface with a Eomplex
eopperuiron cyanide, since depression, in contact angle meas-

d~kurements, appears to be related to oupricyanide ion conoen-

. _tration.

Wark and Cox (34,3.2) adduced evidenoe to prove that
tfcyanide removes the copper compound formed on activated

1{,spha1erite, probably as a complex cuprocyanide; and that

‘prrevention of contact in cyanide ‘solution is due to prevention o

;ffof adsorption by the mineral of a film of collector ‘not due

dffto‘formation of a cyanide film,atkthe mineral surface. Their
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;‘recent Work (58 3.1) indicates that the combination of coé-
l'per sulfate and cyanide is a more effective pyrite depressor

. than either com@ound used alone, presumably by the action of
S ekcomplex copper cyanide ion, The combinatlon is partiecularly

effective at:lOW*temperaturesf(loo C;)‘

1‘Depressionkby“Reageﬂts~0ther.thanf0yanide

*iChromates

, Geudin (52 25 5) believes alkali chromates depress cer-

uf;russite and galena by coating them with lead chromate which

is less soluble than the existing coat on the mineral (e 32

B lead earbonate) In this - way thev cause the mineral to resist‘
k~the action of collectors° Taggart and asseciates (34,3, 6)
suggest a similar mechanism for the depression of galena by
kchromates,,but’postulate that the chromate may also oxidizew
en~existing'collect0r £ilm, k

m,Lime

Ralston (50 3. 4) showed ‘that pvrite reacts ‘with lime to
l‘form soluble sulfides,and thiosulfates, Which,are~then oxi-
dized to sﬁ»lfates. He considers that thé oxidation products
éfeause depression@; Gaudin (32.25.5) suggested that lime may
kﬁ?dissolve pyrite to some extent‘ at the same time coating the
‘Jemineral,with effective depressants.u' |

é;ﬁSulfites , | ;
. Pallanch (28, 3 2) believes that sulfites depress sphalo
‘flerite in the presence of galena by forming a zinc sulfite k

{'coating on the zinc but not on the leaé mineral,
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. Miscellsneous.Reagents
‘The action of reagents‘Sﬁéhvas aluminium end chromium

k'salts in inhibiking flotation is ascribed by Gaudin (32.25. 5)
to hydrolysis of the reagent With the formation of colloidal

' hydroxides which adhere indiscriminately to the mineral

',surfaces.
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ACTIVATION

An activater is a reagent‘ used with 8 given mineralkand
colleetor to ‘cause the mineral, otherwise unfloeted to be
floated by the collector. T -

The most eommon example of this elass of reagent is
copper sulfate, used as an activater fer sphaleriteo Ethyl
:lxanthate does not cellect sphalerite until the mineral has

~been treated with an aetivator sueh as cepper sulfate. In

| the separatlen ef galena from sphalerlte, galena is first E
:’floated away from cyanideedepressed ephalerlte. Gepper sule
,fate is then added to aetivate the sphalerite and allow lt

: to be fleated° ;

EVIDENCE OF ACTIVATION OBTAINED FROM FLOTATION

TESTS AND PRACTICE

 ‘kurite'v‘ | | e
:, Although Gaudin (52 £5.5) stated that pure pyrite is

? activated by soluble copper, contaet angle measurements by
lfWark and Cox (58 3, l) indicate that under no circumstaneesg’
’dgis pure pyrite activated by copper sulfate. ‘

. _t Recovery of pyrite, which has been depressed by lime,
i?éOdium carbonate,~orfsodium eyanide, is enhanced by eopper

. sulfete with ethyl xanthate, but not with TT mixture or phos-
?;phocresylic reagent as collectors (27 2. l) Depressed pyrite

:? is apparently actiVated by ‘soluble sulfides, or by an acid
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. clreuit (32.25.5)

: Sphalerite

o The activation of sphalerite by copper sulfate ‘has been
,\studied by Buchanan and Christmann (27 2, 1) and by Gaudin and
“assoelates (28.19. lo»TP 1 & TP 7). The labter found that
>‘Sphaler1te is;aotivated by~salts of metals,whose sulfides are
- less, soluble in water than zinc sulfide (e, g. silver, copper,

l'ymercury, oadmium, and lead); that copper sulfate widens the

pH zones of highest resovery, and With certain collectors,ki

- also increases the recovery. |
| ﬁalston end Hunter (50 3. .6) noted that cuprous and cuprie'

bsalts are equally effective activators. They correlate the'

e activating effect of a given metal ion to the position of the .

metal in the electromotivo series. From oopper~to silver;y |

activation decreases, Lead, cadmium.and zinc are depréssoi's°

‘iiThey also noted that copper oleates, rosinates and xanthates,

'ufwhen added as such to a flotation pulp,’are non«effective as’

- activator eollectors.,f

, Mitrofonov and Arasbkevioh (36. lb 1) have studied the
l{~effect of copper sulfate on the floatability of sphalerite.
fjfln the presenoe of copper sulfate (500 . Cuso4.5H20 pe? ton
;i?of ore) sphulerite 1s completely reCOVered in the pH range
fj;1 3 to 11.65 aeeording to Yamade (36.25. 7). b

'f~Miscellaneous sulfide minerals

Oxidized sulfide ores of molybdenum (36 16, 5) are aecti-

“?wvated by treatment with oopper sulfate followed by sodium.sul-

'f‘fide. lt is presumed that a copper sulfide coating is formed,"
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Marmatite is activated by copper sulfate in the pH range
12 to ll by zinc sulfate if the pH is below 5, ,‘Above,pH 5.4
zine sulfate aets as a depressor (37.25, 2) |

Stibnite is activated by PbO(Ac)2 in the pH range 6 5
fe;to 6.8 (57.25.3) ’ |

;leidized minerals

Malachite is activated by lead salts (28 19,1 - TP 9),

:cerussite by soluble sulfides (32.25. 5), presumably by coat-

‘k'ing the mineral with lead sulfide.;

“.monametallic minerals

Calcite, actiVatea by cOpper and lead ions will respendf

 to soap collectors (34.6.3).
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hXPERIMENTAL EVLDENCE FOR THE REACTION OF AGTIVATORS

&

= WiTH MINERALS

| ~Ghanges in & Solution of Activator in Contact with a Mineral :

(Abstraction of Activator)

Various 1nvestigators (25 6 1)(24 3. 1)(26 5. 1) have

-

shown that c@pper sulfate is- abstract@d from solution by

sphaleritea At the same time a coating of cepper sulfide is

’»formed on the mineral and the concentration of zinc don in

1"solgtion~increases,~ 1he abstraction of COpper sulfate by ’
1f pﬁégpmiﬁéralé (30 3 5) increases ir bhe order.‘ pyrite, chalu
 copyrite, schist, and sphalerite. |

5 Inece (50 3, 2) found that more copper/sulfate is abstract-
’ed by cyanide~treated sphalerite than by the pure mineral.:s

‘; The abstraction of metal ions from solution by silicates
T'haS been noted by Gaudln (32 25. 5) uch metalmcoated sili-
  cates are activated towards‘a soap_collector if the metalv

- coat forms an insoluble,soapkWith“the collector.

5 Ghénges in:a Mineral'in Contact~with én‘Aéfivator,Sélutibn‘

Rogers (11 25 1) and Tucker and Head (25. 3 1) have
‘f observed v131b1e coatings on copper sulfatemtreated sphalern
,f;ite, but Ince (30. 5 2), Mitrofenoff (28.9.1) and Ralston,
Ll‘et al (SO ”:5) were unable to dupljcate their results,‘
 ;LGaud1n (30.3.7) found that sphalerite reacts rapidly, at

;;first with.eupric nitrate in aoid selution to form a thin ’
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eioOating of cupric sﬁlfide;\but that the rate decfeases with
' thé‘timeeOf‘reaction. He noted (32, 2b. 5) that the coating
formed on sphaferite by the action of copper sulfate is
‘visible 1f high temperatures are employed.» ‘A visible ooating
(52 25 5) is formed by sodium sulfide on cerussite. Although
k,Wentworth (10 6 1) was unable to detect any surfaoe alteration
‘ he founa that the conductivity of sphalerite increased after
treatment with oopper sulfate,o{,f \
| It s generally considered (25 19. 2)(26 3, 1)(28 19.1--
,e Tp V)(SO 5 5)(30 6 6) that the coating formed by 60pper |
sulfate on sphalerite is ouprio sulfide, sometimes referred
to;eskeovellite, ,&audin (30.5.7) stateq;that the coating
. has beén showﬁeto oonteinkeoppery andkﬁo be non- feaotiﬁe
1_towerd silverﬂnifrate; it is presumed to be covellite on the
:‘basis of the demonstrated reaotion'
ZnS + Gu Y » CulS + Zn
;‘Taggart (52 8. 1; takes an opposing view kapparently without
7ffpresenting experimental evidence for the contention, that
the coating oonsists of ouprous sulfide Wﬁioh is subsequently
keeoxidized. Beoause natural covellite is diffieult to float,
°: Beck (34, 25 1) suggests that the film formed 1s a mixture of
t;ouoric end cuprous sulfides and sulfur, rather than oovelliteg
iland that\free sulfur is the aetivator.' Kamenetzi'(34,25 2)‘
‘fzfound that 0. 01 N silver nitrate reacts with such mineral
eiﬁsurfaces as. chalcopyrite, pyrite, galena, covellite, orpi=

~}sment end sphalerite, to precipitate Aggs and throw sulfide

eg‘into solution.j’
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Ravitz and wall (54 8 1), assuming that copper sulfate
']kforms cupric sulfide on sphalerite, found the concentration

©of eopper sulfaxe to give the best flotation recovery 1s that

‘,,required to form a monomolecular film on- the surface of the

‘i;sphaleriteo hey'noted that the abstraction from the sol-'

;é,utions used. in practice is in excess. of this amount On the

i basis of Zwicky's theory of mosaic crvstal structure (29.25, 3) >

" (50,25 5)(33.13. 1), they explain the fact that smaller par-

*f\ticles require less copper sulfate than is required to form
‘,a monomolecular film, 4in order to effect the same flotation SRl

,recovery as attained With large partieles. ‘




CONTAGT ANGLE STUDIES OF ACTIVATION

,Hmhé reSulgs ofiéontactkaﬁgle measurements, 6ﬁtlined
k“ be1ow, are those of Wark and Cox (34, 3 3)(34 3 4)(56 3 1)
~;(36 8. 2)(37 8s 1 (58 3 1) |
‘ Gopper sulfate activates sphalerite and activates
",gélena_above its eritical pno Ituls without effect on the
féSﬁoﬁsg ef pure7pyrite?'graphité; Qr ﬁharcoal; to potassium
~ethyl Xaﬁthate; COpper Sulféte is a more effective acti?étbrk'
| for sphalerite in neutral cyanideefree solution than in an :
‘alkaline solutien containing cyanideo Gopper sulfate, in
'combination with cyanide, depresSés,:rather than actiﬁétés
,pyrit’e.", o [IRRE e | | i 7
| balﬁs of sueh metals as platinum,kgold blsmuth mere
S cury, silver, copper, eadmium, lead, cerium, antimony and
ﬁ,‘arsenie,~aetivate;sphalerite, so that it will r98pond to
 p0tassium‘éthylkXAnthate.; Thellium snd cebalt salts héve‘a
 ,51ight'act1vating tehdency; while salts of titanium and tin
 show'nQﬁe. Iﬁ general5 these~m§tals whibh;are ef?eétiﬁe
‘?;activétOrs form sulfidéé'1eSs:soluble~than zinc sulfide,
i whilé(thefnonaeffectivé metals form sulfides which afé mofe
~ soluble. Howev9r’vthallium sulfide is reported m6r9’861ﬁble§' 
 ffand stannous sulfide as less soluble than‘zincksuifidé;
ti_TheSe métals are appérently exceptions to the generalization.
,k’ Sphalerite, depressed by sodium sulfide, may be acti-
1 *vated by copper sulfide, if the copper sulfate is in stoichio-

,E]metric excess of the scdium‘sulfide,, Controlled‘concentratiops
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' bf*sodium’Sulfide'éctivate'angiesite and cerussite,‘preSum=‘ 

: ;ably by coating the minerals with a. lead sulfide fiim, so

kthat they will.mespond to a lower concentration of xanthate.
nxcess sodium.sulfide, however, prevents response.' In~
certaln cases sodium phosphate may be substituted for sodium

sulfide as an activator for these minerals.k 
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o B eTHEORIEs”onAcTIVATOR:AcTIoNf

‘G 2

. All thecries for the actiVation of sphalerite by copper
"sulfate are basicallv the seme. They postulate the formation,'
it’on the sphalerite surface; of a copperueontaining coat Whieh
‘will react with the collector Whereas the unaltered Sphaler=
: ;ite surface does not react The various theories differ as

' to the composition of the coating, and the mechanism.by which

3 it is formed

‘ Various theories have suggested, on the basis of the

fflreaction- | - | - V

| an,44?Guff*+dGﬁs,4;'zn‘* |

;that_ﬁhe,eegting;ig'auprid sulfide;" as pointed out by Rel-

ston :King'and Tartafon (30 3'5) however; the mineralleovele
r’]1ite, which is cupric sulfide, 1s difficult to float.

: Mitrofanoff (28 9. 1) suggested the formation, in an
i;_alkaline copper sulfate solution centaining cyanide, of a

;],coating of hydrate, cyanide or carbonate, follewed'by the

d?tfermationdof the'cbrreeponding cepperecempouﬁdsfVWﬁich‘reaet
'dtwith xanthate to form insoluble copper xanthatee ,:C |

Tnce (50 5 2) advanced the theory that an insoluble cup~
idiric cyanide is formed at the surfaoe of cyanideotreated
,esphalerite, Cyanide ion 1is thus removed, and frees the zinc
tfﬁof the mineral to react with the collector,
‘ Taggart (32 8 +L) contended that the cuprous sulfide

€*eoating first formed 13 oxidized and then reacts With xanthate
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tl %o ferm cuprous xanthate. The abstrsction ef xanthatelion,

- andwliberation of sulfate ion is evidence for such a reactien,

-~ The activatien ef cyanidemtreated sPhalerite is thought to

e be effected by the deeomposition of zinec cvanide, accompanied

5 b the formation of soluble cuprocyanide iens° Taggart and

1kassociates (54 3 6) discuss activation in terms of the chemia‘
cal theory. e | )
Ralston King and Tartaron (5@ 3.5) noted that the film

forﬁed by copper sulfate on sphalerite is probablv different

Vjvin nature from that on pvrite, because displaeed zine is

- soluble, while iren~is insoluble in alkaline solutions. They

ﬁf‘considerkthat this difference may account for the fact’ that
;cOpper sulfate activates Sphalerite to a greater extent than

spyrite,,
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'THE SURFACE CHEMISTRY OF FLOTATION
| PART II

INTRQDUGTION TO;EXPERIMENTAL WORK

Previeus investigators have demonstrated that flotation

. fof o solid is accomplished by malntaining or producing &

~eﬁ'hydrophobic~eoating»on its surfaoe,'amd that~non=flotationn

gfffresults when the coating iS hydPOPhili°°, The meohanism by |

fwhidh the surface of a solid mineral beeomes more hvdrophobie

k*/after eontaot With a solution of a oollector has not been sats

?iflisfeotorily explained. It is thought to be either chemical

. metathesis between entities derived from the mineral and the

,.5lsoluble'colleotor;for adsorption of the‘oolleotor,:in whole

'3 or part, on the mineral surfece. It has been shown that xama"‘

'l“thate collectors are abstracted from solution by minerals if

?Vlfthe basic constituent of the mineral forms a xenthate of low

‘;:;solubllitya andare not abstraoted if‘the xenthate has an

¢7flappreoiable solubility. It has also been shown that adhesion
J'ebetween an air»bubble end a xenthatentreated mineral surfece

%ifis possible only below a crltioel pH value, more or less

Jlflspeoific for a partlcular xanthate and mineral,

it is the purpose of the present investigation to deter-

?Zifmine the effect of pH on the solubility of certain base metal

3iﬁﬂxanthates, and on the floatability of the corresponding xen-
flfthate-treated minerals, end to determine whether any correla-

lition exists between this solubillty and. the floatability of




2 ~the mineral.;

For the iﬁvestigation,”galena and‘potassiumAethyl xen-

5ﬁ‘¢pective1y.

o

"'are described by H P, Pearce

‘f»thate Were selected as a typical mineral and collector res-

- P’REPABATION OF MATERIALS, ETC.

ihe preparation and purification of the reagents used :

1 .

Mineral specimens used in flotation tests are desoribed

- ) 'be 1‘0‘“; : ‘

‘Gelens
Galena
Galena
~ Galena

Galena

#1

#3.
#

#5

Massive specimen of bulliVan galena obtained

from Geology Dept., University of b C

1,tLarge specimen, visibly altered on the~surface,
 "énd‘comp0sed of 1/4“ and larger cubes; obtaiﬁ-;
ied from Geology Dept., University of B.Ce

kFine crystalline | '

Medium crystals, containing éphglerite~andk

 quartz."

SilvnraLead ore from St. Eugene Extension

“Mine. Massive, brittle, highlvalustrous specim

i men with no\visible,impuritiesp Obtained from

B. c. Chamber of Mines, Vancouver.

All pn determinations were made with a Beckman glass-

‘!feleotrode pH meter.

VT ThéfSuﬁfﬁce‘Chemistry*5§7Fldtatiah. The Solubility of Zinc

Ethyl Xahthate, KoFe Pearce, B.A. Sc. Thesis, University of

British Columbia, 1938



 SOLUBILISY OF LiAD THYL XANTHATE

}~ / tGravimetricfPrecedure

o 'Procedure

nquivalent quantities of lead nitrate (O 2948 gms, ) and
' potassium ethyi xanthate (O 2852) gms.) to form 0.4 gms. of i

‘ ‘:lead ethyl xanthate were dissolved in separate 500 ce. por~

. tions of Watero *he solutions Were mixed, and the mixture
allewed to stand overnight whiie the precipitate became eom-m
kpletely flocculated,

: This suspeneion of iead ethvl xanuhate was filtered through

df“ipaebestos on & Weighed Gooch crucible, and the precipitate |

/fewashed with 100 cc. Water and 25 ce. ether, 1he crucibie and

yficontents were dried overnight at 80 G “then Weighed to ob-~

o tain the ccmbined Weight of precipitate and asbestos, ‘he

'contents ef the crucible was now transferred to 1000 cc. of

*effdistilied Water and piaced on & shaking machine _overnight,

ki“‘lhis suspension wes. then filtered through asbestos on a.

'ei]weighed uooch crucible, the precipitate dried, and its loss in

iweight determined,

A second preparation of lead ethyl xanthate was treated

”“;31n the same way, but was extracted in the crueible with 1000

' t~cca of Water instead of being transferred frem the crucible
o ma agitated with water. |

- :nesu‘lts | k k ,
| ihe pH of the 1ead xanthate suspension was 5. 5 - 5 6.

‘“*;;Lhe loss in weight in the first procedure was 198 mgms, and



in the second was 120 mgms.-‘

fconclusions

mxperimeﬁtal difficulties make this procedure useless as
,‘a method for determining the solubility of lead ethyl xanthate.
lhe hydrophobic nature of the precipitate causes it to form a
”heavy scum on- the surface of all suSpensions, and to climb the
walls of anv vessel in which the preparation is placed tend-
'ing to cause loss of the material and 1eading to high resultsa
,Furthermore, the solubillty of“the asbestos used in the pro-
‘ecedure is probably of the same order as that of the lead ethylh

'xanthate. o

k@ﬁlorimetric Procedure

fPreparation of lead ethyl xanthate

Preliminary tests showed that 8 colorimetric procedure

f'wos suitable for determining lead in'a saturated'SOlution of

"~;;1ead ethyi xanthate. The following method was adopted for

i ‘estimating the concentration of lead ions in equilibrium.with

’l';solid leadtethyl;xanthate~in agueous solutien at various pi

'values.

Two solutions were prepared to contain 0.1474 gnms, lead

i enitrate and 0.1454 gms. potassium.ethyl xanthate respectively

"e:in,SOO cc,,rofsolutiono Thlskallowed 2% excess xanthate over

"“ythe‘amountfrequired to react with the lead nltrate end form

0.2 gms. of lead ethyl xenthate.

'“he lead nitrate solution was pcured 1nto the xanthate

7;f‘sglution, contained”in a litre flask, While;shaking the latter.,



rhe fine suspension of lead xanthate, which formed immediately

L6
_was then allowed to stand for two or three hours until it be-
- came flocculqted and\settled oat leaving*a clear solution

above the precipitate.~ In this condition the precipitate

r

‘7}'rshowed no Water»repelling tendency, and remained settled at

kthe~bottom,of~the fiask.  If the flask was agitated however,
:';the precipitate tended to concentrate as a dry scum at the |
- free liquid surface, and to climb the walls of the flaske~f

: ihe clear liquidfabove the precipitate was decanted off,
v the precipitate washed on to a paper filter, end washed on the
filter with l@OO ce, of distilled Water. A% no time during
k'the washing process9 was the precipitate allowed to become
f"completely dry° ,
. tTreatment of lead'ethyl Xanthate i

After washing, the precipitate was transferred to a .

| ‘l 1itre rubber«stoppered bettle, about 900 e, of distilled

'fwater added then various amounts of either N/lO KOH or N/lo

kh{ngleto_adjust the pH,Vand the total volume was made up to

o litre. After a couple of minutes agitation, the initiasl
‘ipr of the preparation was. measured - and the bottle and conaf'
E“'5“,"’,tem:s placedvon-a~rotary shaking machine for & time interval

Jvarying from 16 hours up to several days, At intervals'the

“wg“bottle was removed from the shaking machine and the PH of the

~ contents measured.

kaetermination of Pb concentration

~When it was desired to measure the PL’ concentration in

'ﬁftfthe preparation,,the bottle was removed from.the shaker, and



'the final pElreading Wasfmade. The con%ents of the bottle was
inltered through asbestos on a Gooch c@ucible,kand the filtrate
.« placed in a 1:litre Pyrex beaker, After the addition of 2 ce.
6N HGl the filtrate was slowly evaporated without boiling,
to a volume of 5 - 10 cc, Ammonia was added to the solution
:auntil it was slightly alkaline to lltmus0 The red color of
'ﬁ‘:Phe~litmus'Was'then brought back by adding glaclal'acetio,aoid
"'andﬂthe Solution”was‘made up~wlth'distilledlwater’to almease -
f;'"ured volume~of 100 ec. “This solution was used as the unknown
“ dn the subsequent oolorimetrio oomparlsons.

‘“Golorimetric oomparisons for lead

| Standard solutions were prepared by dlssolving 2, 2881
ngs Pb(CQH302)2a3H20 (leed acetate) in water and ailuting
?lifto 500 co. lhls solution (A) oontained»2500~mgms,,Pb per
Hti litre. e ‘ e

o lO co° of solution () were ﬁlluted to 500 cc, to- pre=
"ﬁe"pare a solution (B) containing 50 mgms. Pb per litre.

| ©1eo coeLOf-soluﬁion (B) were dlluted fo 500 cc. to pre-
‘;f’;pare 8 solutlon (C) coptaining 10 mgms. Pb per litre.

. 10 ce. of solution (B) were diluted to 500 cc. to bre-
/ 7u'pare a solution (D) containing 1.0 mgms, PbH per litre.

| When making a comparison With the oolorlmeter, lO cc;

i;of unknown solution was placed in one colorimeter cup, and

‘ ?10 cc, of a sultable standard solution in the other; 4 drOps,;
';f: of a saturated sodium sulfide solution were added to each

e!cup, and the solutlons stirred carefully°

The cups were now plaoed on the colorimeter and several




~ readings were taken, after which the cups were reversed end
ar second set of readings obtained. |

Fresh portions of standard and unknown were now placed

‘ uin the cups, S0 that the cup formerly containlng the standard

solution contained the unknown, and a new series of readings

L wWas made,

'TheSe'preoautions'Were found’to-be‘essential,in order;to

&jlheliminate instrumental errors.

From the above readings an average value was obtained for

'the ratio of the depth of standard solutidn to the depth of

' ‘unknown solutlone “‘This ratio was multiplded by the lead ion

concentration in the standard solution to obtain the lead ion.
:oonoentration in - the unknown. The latter value, multiplied
by 10 was taken to be the lead ion concentration in the |
toriginal saturated 1ead xanthate solution. , | s
The method is 111ustrated by the follewing example"
Unknown bolution No. 1%

4Unknown in CGup #1 e ' S
~ Depth - mm. : Depth = T

Standard'on left  41.0 Unknown on right 36,0
R R P 40.8 - 36,0
nem 40,8 - BRI ” oo 36,0
Booomron 41.1 - oo oo 36,0

oM pight 40.8 oMt Jeft 36,0
A "oo" 40,3 » P n 36,0
. IR O (RERERNRTES I EERITE | ROIE AN | 36,0
moomw % 406 " " " .0
Meen 407 Mean  36.0

‘Ratlo: standard = 40,7 — 1.131
, Tmknown 36,0 '



\ S ,1 | : . | | 8

~ Unknown in: Cup #2

L Depth - mme o Depth o‘mm.
~“Standard on left 47.6 , Unknown on right  43.0
: [T 4 L] : 48 3 it N % ; 45'00
n e ety , M v 23.0
n - 1 | " o nooon 43°0
n " right - 47.8 ' oot 6Pt ‘~43°O
TR 1 E 47.8 ‘ " woooon 43'0
N A A oo 43.0
" 20 U T3

 Mean  47.8  Mean  43.0

Katio: standard . 47,8 = 1.111
- unknown 43.0 '

Mean Ratio 1, 12

Standard solution g: 10. o mgm, Pb  per litre
”Unknown selutien, = (1.12)(10.0) = 11; 2 mgm. Pb per 1.

Original solution, ;M(lva@(iOO) = ﬂ@lz“mgmg Pb pevkle?
: : T - 1000 I,

i Comparlsons made between a parti&ular uﬁknown solution
~i,, andbdifferent standard solutions gave comparable results., It
“4';waé'conciuded.that'a'c@frectibﬁ'for nonnlineaf abéorbtion, as
;ff;required by Beer's Law, was outside the 1imits of experimental
ferror.; In most comparisons, the depth of one solution did not
‘exceed twice the depth of the other.

A blank determination on the distilled water used in the
: Xanalyses showed a concentration of 0,12 mgms. Pb per 1itreo
ﬁf"gIt is felt that this value is probably 0o high, as it was
. fdetermined during the early part of the work ‘before the color-
;ff '1meter technique ‘had become standardized. Subsequent values
’iig?were not corrected for the Pb concentration of the water,
 f fbecause of the doubtful accuracy of the latter,'and because

“  :it was more desirable to determine the trend of Pb concentra~-




‘tion with PpH, than to evaluatea the absolute values of the Pb

,concentration,

ﬂesults and,Cénclusions ’

| The results of this Work are given in table 1 and plottedk
kin Fig. 1. From these results it 1is concluded that:

(l) The ooncentration of lead ions in a solution whidh is‘
_in equilibrlum with solid lead ethyl xanthate depends on the |
",pH of the solution@ | |
b (2) The lead ion concentration has a minimum value of -
0.15 mgm. Pb per litre at a pH of s. 0-8.2, This oorresponds‘mw:
to a solubility of lead ethyl xanthate at this. pu of 0.33 mgms,
per litree At pH values above or below 8.0 - 8.2, the lead

i',ion concentration is greater. o

(3) The solubility of lead ethyl xanthate in pure Water,

Soat a pH of 6 4 is 1.8 mgms. per litre.

,(4) eLead ethyl‘xanthate, in the presence of Water?and

- fhydroohloric acid or potassium hydroxide, is slowly decomposed

"This decomposition is accompanied by a decrease in pH in alo

‘Silikaline solutions, and an inoreaae in acid ssolutions. 1he

- qdeoomposition in the presence of potassium hydroxide is also

kiaccompanied by a darkenlng of the lead ethyl xanthate¢4 This

if"darkening is more rapid in the more conoentrated alkaline

selutionsohy

. iNote

Samples of lead ethyl xanthate for determinations 19 - 22

‘l;l inclusive were prepared from equivalent quantities of reagents,

I}allowing no excess xanthate., The lead concentrations obtained




: i6

‘ {for these samples, as tabulated in Table 1, are less than for
comparable samples prepared with an excess of potassium ethyl
xanthate.,‘mhiﬁ is mentioned inasmuch as it may have a bearing
on the solubility figures obtained from the samples as prem“
pared with excess xanthateo It is possible that excess Xan-

; thate fon may alter the 1ead xanthate surface in such a Way
that it will have a different solubllit'y° To justify this

,assumption, further,work is necessary,
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s NOTES m TABLE 1 o

;?fafter 24 hrs., blackening With longer time f  ,
.ilyVery sllghtly dark after 48 hrs, Final filtrate and
- ’precipitate both fairly dark.

-1 wDarkened after 48 hrs,:

.1k‘very slightly dark after 72 hrs.h riltrate and
3 precipitate both Slightly dark, e i

‘77x41Dark after 48 hrse;
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e - SOLUBILITY OF CUPHOUS ETHYL, XANTHATE

E hquivalent quantities of copper sulfate (Gu804.5H20)
(1504 gms 9 and, potassium ethyl xenthate (17 3 gms ) to react

‘1ﬁ37kaccording to the equation*s

| 2 Cu8044-4 KL%X ‘zo 2GuEtX S (EtX)24—2K2804
Tand form 10 gms. cuprous ethyl xenthate, were dissolved in
Water,kand the solutions mixede‘ the precipitate was filtered
and washed with Water and with 95 ethylfalcohol, and stirred
o'overnight;in water@ - |
Theffreoipitate'was again filtered,oéktraoted with alcohol
éndlether,.andodried at'a low temperature.

’ O, 1 gm portions oft dry cuprous ethyl xanthate, prepared
~as above, were agitated overnight with about 1 litre of water,
o then filtered;:and the precipiﬁate transferred to 1 litre

'l‘bottléérwith 1000 cc. of distilled‘water; to give s soiution

‘having a pi of 7;1'e,7.4. 'These préparationsxwore agitated

. for 213 hours. At the end of this time the pH was 5.0 - 5.1.

' flmhey‘were then filtered through filter péper‘and ssbestos;

. but continued to pass through the filter as a cloudy 1iquid,

fkoprobably an emulsion of dixsnthogen.

2 cc. 8N hydroohloric ‘acid was added to the filtrate,

1fA¢Whichfwas then~evaporated'a1most £0 drynessgfmade Just al-

 keline with emmonia, snd then bolled to expel excess smmonia.

 ;;;2 oc. ammonium nitrate solution (100 gm, per litre) were ad~

5f ded -~ and the solution weas made up to a volume of 60 cc.,



13
‘A colorimetric comparison was attempted between a 10 cec.
portion of the above solution, and a 10 cc. portion of a
"istandard copper sulfate solution, containing 4 gmo ammonium
'nitrate per litre, after adding 2 drops of potassium ferro-
cyanide solution (40 gms. per litre) to eadh, It was found,
,however, that insuffieient color was developed to make this
procedure feasible.

Further work en the selubility of euprous ethyl xanthate

Was not attemptedo
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- . METHODS FOR MMASURING FLOATABILITY

’ If theepﬁemise'is aceepted‘that a solid‘is fieatable‘when’
'fkkits surfaee is hydrophobic, and that it may poesess this pron |
perty to a greater or 1ess extent; the question arises~ " How
'kcan this degree of waterurepellence or floatability be meas-~
ff{i:ured? It“has been determined previously in various ways¢ The
fieaﬁebility»EQS‘been measafed es thekperceﬁtage~0f'fineiy;

'ground solid recovered in a flotation LPOth under particular

cenditions approximating those existing in industrial flotation
; :cells, Lhe extent‘to which a surface 1s hydrophobie has been
' '1measured by the magnitﬁde-ofathe'cemtacﬁ‘angle between an

V'\7air—bubb1e,and the submergedVSOIid surface; er(betweeﬁ;a water

:;e drop and the solid surface in air@‘lie a 1eeser‘eXtenf~ the
eﬁ}f:d13p1acement pressure of water by eir, and the heat of Wetting»
'f~f‘of the surface have been used as measures of fleatability.

| 1he contact angle is probably the most fundamental meas-
krje;ﬁre of‘the state of a‘solid surface, and is a derivable fun-

?ffection of the solid interfaeial tension.k However; thekcon—

7}1% centBation of a finely - ground solid at a 11quidagas inter=
. face is a more direct measure of floatability. In the current

'“ l,work it wes decided to use the latter method. It became

‘3ﬁynecessary, therefere, to develop an apparatus to make small

"“efiscale flotation tests, which Would permit close comtrol of as

‘;‘Q»many as. pogsible of the variables inherent in the precesse,

It was at first thought that some information might be

?;7obtained by‘a110Wing 31ngle air bubbles;of,known sizedto rise
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;fﬂthrough 8. pulp of mineral 1n water, ‘and determining the oona
‘7<oentration of mineral ln the upper part of the pulp, as a-

°;f]function of tﬁe total interfaoiel area represented by the bubay

u{f,3fbles. No satisfactory method ceuld be devised however, to

Mlbremove the concentrated solid before the air bubbles oollapsed
‘?;and allowed the solid to settle back lnto the pulpo in order
kto hold the Water repellent mineral above the pulp, it is ne-k
'uicessary to maintain 8- froth zone in which the individual alr
M};;bubbles are rising with a veloolty greater than the effective
‘l downward veloeity of the mineral particles° With this in mlnd
'b?a pneumatio glass flotation cell (Fig. 2) was developed whlch
?is believed to have certain advantages for the present Work
l%jover existing types of laboratory oells. lhe~all-glass con»"'
igistruotion facilltetes oleanimg, and minlmizes contemination'
;flof the pulp by the material of the oell. ln practice it is
Vf;found neoessary to clean the sintered plate after each rum
;1lby forcing aqua regia througn 1t _to remove small sulfide
'ljparticles which tend to clog the pores,~ Air supply is easily |
iregulated.~ Lliminatlon of meohanloal egitatlon, other than
lby the stream of air bubbles allows eloser reproduoibilitv of -

bthls variable than is possible when an impeller is used.
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E ~ FLOTATION WITHOUT REAGENTS

-;'?rocedure Wigh'precipitated FbS, galena, aﬁd eilicak

i The cell was ueed first to study the flotation ef syna
thetic lead sulfide in distilled Water using no frother or
other reasgents.

The cell was set up and provision made to introduce a
cenetant‘stream ofvwater (about 5 cc. per minute) at the top,
to cause an overflow. Apercximately 5 gram portiens of lead
sulfide were prepared by saturating 500 ce, of a water solutiene
of V grams of lead nitrate with hvdregen sulfide gas, and washw,
ing the precipitate eight times by decanting off successive
500 ce. portions of distilled Water. A 5 gram pertionxof lead
sulfide was transferred to the cell, and~the pulp velume made
| upﬂto’abeutk§0® cc,"Sufficieht air pressure Was'maintaiﬁed
tc prevent the liquid running through the sintered plate, but
insufficient to cause any overflow.‘ The pH of the pulp was
taken, and the air pressure increased wntil overflcw was just
eabout to occur.,,Thekfeed water was bturned on, and ‘the overe‘
flow cellected for lb‘minutes; after Whichﬂthekfeed WaterfWas'

' shut off the air turned down, the volume of pulp and conce n-

- trate noted and a pH measurement made on the pulp. The cong

s centrate" overflow, and the "tailings" pulp remaining in the

5 cell were filtered ‘through Gooch filters, and the Weights of

i esolid in each were measured. From these weights, the total

:Weight of lead sulfide used the percentage of this weight

. recovered in the overflow and the percentage recovered per
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'7i unit volume of the overflow were calculated. Tne“results of

this series of Tuns are given in Table 2.

In the above tests a oertain amount of pulp overfiowed
with the ineipient froth.‘ The pulp mechanically carried a
definite weight of solid into the overflow. If the'solid used
is'hydrophobio? the observed recovery'should be'greater‘tnan
tﬁe'meohanicaiireCOVeryf and if hydrophiliec, the observed,ree'

covery should be less, In Order tO‘caleuiate the mechanioalk

- recovery, it is assumed that, at any instant the concentratidn

eof solid in the overflowing pulp is the same as in the body of
o the pnlp@ It is also assumed that the initiai volume - of pnlp -
does not ohangeo This implies that the feesd water causes an ~“
overflow of a volume of pulp equal to that of the water s.ddede
Let A ce. be the constant Voiume pf pulp 4in the cell and G
gms. be the original weight of solids in the pulp, After n
“ce. of feed water has been added, an equal volume of concen-
trate, containing X gms. of solids has OVerflowed. After
X gms. of solid has overfiowed the instantaneous concentration.
. of solid in the pulp will be G - x gms. per cc. If a vol- |
N ,

ume dn cc, now overflows it will contain dx gms., and the

concentration of soiid in the overflow will be dx gms . per cCe
‘dn,

e&jk it has been assumed that these concentrations are’ equalo

Therefore:

&
'
#

Bl

65[*§
o8
. =
oMb
;
L
S
&
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in I;G, —n
G -x = K ,
L ; , (;“ : en:K)

Erom this equatien, the weight of solid (x gms.) overflowing

‘“mechanically" has been calculated for the various tests and

the results tabulated in Table 2 and subsequent tables°

From the Wcrk with precipitated lead sulfide certain con-

clusions. may be drawn. If all variablee (pulp volume,'air

pressure Weight of sclide, and vclume of feed water added)

are kept constant in a series of runs' the velume of overflow
is necessarily constant, and the weight of eelids recovered
1n~the overflow is a reproducible figure, If the air pressure,~
initial pulp volume, andlvolume of feed water added are kept

conetant in 8 series ef runs,(but greater Weights of selid

kare'used in the cell the pulp volume tends to increaee during

a run, and the final volume of overflcw is 1ess.~ At the‘same

time the recovery increases, but the recevery per unit volume

of overflow tends to remain fairly constant The latter figure,

becauee it tends to take care of slight unavoidable variations

in,overflow volume, has beenfused as the final figure in each

'run; 1he air pressure which must be applied to just cause the

' cell to overflow depends on the velume of pulp. in the cell.

A small pulp volume requires a high air pressure, and vice

oy versa., At the same time, the total recOVery, and the recovery

per unit volume of OVerflow are 1ncreased by the use of g smal-

ler pulp volume and 8 greater air pressure. In all casee, the
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~,actua1 recovery is less than the calculated reoovery per ce.
of overflowg This indicates that under “the conditions of the

experiment, precipitated lead sulfide shows no tendenoy to‘

- iconcentrate at the airnliquid interface; that is, it does not

‘ display any inherent floatability,f ThiS‘oonolusion-assumes,
of course, that in the process offoverflOWing,fthere is no

4mtendencylet the overfiow:iip for the solid to he held back o

o a greater extent ‘than the 1iquid.

in an endeavor to make this latter assumption unnecessary,

,parallel tests Were made with lead sulfide, galena, and an

'*p;k~hydrophilie material ‘such as silica.

Preliminary tests on various silisa samples, given in

-~

Table 5'showed that it was‘neoessary to make comparisons

Ntiy between similarly sized materials. A water elutriator (Fig.'S)

was built, and calibrated by the rising velocity of water pro~

duced at various stopcook settingso This apparatus gave vel-

: ”ocities up to 26 ‘cm. per minute, oorreSponding to the settling

rate of‘a quartz particle of approximately 0.0V mm. dismeter,

",or-200'mesh.‘

Galena, for use in subsequent tests, Was prepared just

| before using by grinding 8 to 10 grms. of 1/4" mineral under

distilled water in a carefully cleaned porcelain or agate

pmsrtar, and intermittently washing fine material into the elapi

| uutriator until the- entire portion had been transf’erred° Parn

tioles with a settling rate of 5 5 to 9 sme per minute were

"then separated by the elutriator, and transferred at once to

’-’the flotation cell, Portions of an assay grade of powdered
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‘silica were placed in the elutriator, and the fraction with a

settling velocity in the range 3.5 = 9 cm. per minute was

*removed. ihls portion was digested in hydrochloric aeld, Wash—p
'7 ed . free of ferric chloride, dried, snd bottled until required.
iiiplNo attempt was made to size the precipitated lead sulfide, as
St consisted of flocs which Would break up when the snspension
wais agitated. - e

The resnlts of tests made on the sigzed galena and silica;k
using the same procedure as. followed for lesd sulfide, are
given in Table 4 and Table 5. A comparison of results is shown
‘~by the graph Fig 4, in Which only comparable results have
fbeen plotted. L |
’ | © . Tables 6 to 8 are the results of miscellaneous runs on
tfiplead sulfide and silica~with the addition of various reagents
feV:to the flotation pulp,‘kThe runs made with lead sulfide in
la pulp containing 25 mgm, potassium ethyl xanthate per litre,i
Jskkover theopH,rangeps to lo,;show that xanthate,slightly increases
‘the‘actual'necovery per cc. Insufficient Werkiwas'done'in
‘7this series to determine the: effect of pH on recovery.

Gonclusions

It may be concluded from these results that within the

limits of experimental error, the galena and silica particles

: investigated have the Bame floatability, hence, that this
specimen of galena hes no inherent floatabilit‘y° It is also

evident from Pig. 4 that the behavior of precipitated 1ead

‘{5g sulflde is not materially different from that of galena or

k'ksilicae'
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FLOTATION WITH TERPINEOL ALONE
‘ (InherenthloatabillEy)‘

: The runs with lead sulfide and silica, in which ethyl
alcohol was used as a frothing agent (Tables 7 and 8) show

e‘that the frether materially decreases the reeovery per ce. by

"; decreasing the "mechanical recovery o While ethyl alcohol does

7not give»a satisfactory flotation froth the~runs outlined in
'Tables 7 and.B suggested the advantage of using a frothing
agent to decrease to a minimum the mechanical recovery of an

»hydrophilic solid While allowing maximum recovery, with small

i overflow of liquid,,of a solid which is h'ydrophobico The,folw

'lflOwing~teSts were made‘usimg terpinecl as a frother.

,Procedure with.precipltated lead sulflde

Approximately 5 gms . of precipvtated lead sulfide in 150 CC.
of pulp, containlng 5.3 mgms., terpineel per litre was plaeed |

-in the flotatlon cell and air pressure applled sufficient to

'”l form a eopious froth

No trace of lead sulfide appeared in the froth

~'Procedure with Galena #2 (Run No. 45)

All apparatus was carefully cleaned with chromic acid
and‘distilled water. B

A sample of Galeﬁa #2 was ground under distilled water,
sized, and a l. 82 gm. portion, having a settling rate of
9 = 256 cm. per minute transferred to the flotation cell. The
:pulp volume was made up to 150 cc. and S 5 cc. terpineol sol-

ﬁ'“lution (160. — 0.25 mgm.) added to makekthe concentration,of
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terpineol S. 8 mgmo per 1itre°
: 5' L In this solutiony contalning no acids or alkalis*‘and in
 the presence of hydrochloric acid or sodium hydroxide, over

the pH range 3 to 1I1¢ there was no trace of galena in the froth
, Procedure With Galena $5 (Run 1\!0° 58)

A1l apparatus was carefully cleaned with chromic acid
fand aistilled water. " |

| ‘A sample of Galena #5 was ground under distilled water,
/sized and the portlon having & settling rete of O - 25 om.
per minute transferred to the flotation cell. The pulp volm .
ume was made up to 260 ece., and- 4 ce, terpineol solution
(1 cc. = 0.25 mgm@) added to make~the~concentration.of~ter=
e‘ﬁpiﬁeol 4‘mgmse‘per‘1itre., TimekWas measured from the time of

adding terﬁineoi, Three fivenmimute concentrates were taken

g off, as shown below w1th the addition of 4 cc. of terpineol

solution before concentrates~#2 and~#3 were removed.

‘Run~N O 58

; t'Z["I'V(‘Jciiu.c‘t SR Weight (gms ) pﬁffqlp %kRecovery
Concentra%e #1 (1 6 min.) 1@042' ' 4»04 : 36.8

" g2 (15-18 min.)  0.202 '4.04»4.13 7,06

0o #3 (30-35 min,)r~~fb,092 | 4,13 8,24
Tails S . . ?ﬁlgégé j e 52.9
Heads | "2s839 ' o 10020

ConcluslonS"

Precipitated 1ead sulfide is not floated by terpineol

' alome.

e Two samples of galena, both apparently pure specimens,
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differ materially in their floatability with terpineol alone.
fof the two samples studied underp similar conditions the first
has no 1nher%nt floatabillty, while the second has an apprecia
fable floatability. | |
fi The galena specimen showing no notural flootabillty, in
view of earlier observations, ylelds load ions to a greater
Mfextent than the other‘speoimen when plaoed in wauer.
Becauae of these conflicting resuvlts, no conoluslon oan
nbe drawn at this time, as to the inherent floatabllity of
‘galena. It is probablé that the state of oxidatlon of the
 galena surfaoe determines its floating oharacteristics With‘
l'terpineol alone@ As s tentativo hypothesls,it,ls suggested -
that the surfaoe of 8 pure lead sulfida‘ofyétal(whioh.mlght
 be obtained by grindlng galona under oxygennfnoe Water for
' contaot angle measurements) may be non- floatable, but that
‘oadsorption of atmospherio oxygen may make such a surfaoe
floatable. If the adsorption continues to such a point that
the surfaoe beoomes essentially one of lead sulfate, or load |
oxide, the Charaoter of the mineral surfnoe is again hydro~
philioo , | .
ﬁhis hypoth981s might be tested by proparing and floatlngrt
galena in tho presence of some. wnert gas, although elaborato
~‘precautions would be necessary to insure the purity of the
klead sulfide surface, the total exclusion of oxygen, and the

elimination of any possible contaminants.
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 FLOTATION OF XANTHATE-TREATED GALENA WITH TERPINEOL

k Prooedure
Galena was ground and sized as- before, and the portion
having a settling rate of 9 - 25 em. per min. (35 - 50 microns
measured partiele size) was ‘transferred at once to a beaker
'and carefully Stirred for 4 mineowiﬁh 250 é@; of.potéssiumf
'ethyi'kanthateusolntion (25 mgm. nen‘litre) ~ The solution was
poured off, and the mineral again treated for 4 min,,with
250 cC. of fresh xanthate solution of the same concentration.
lhis soiution was poured off end the galena stirred for' 4 min,
with 250 cce of distilled water, after which the wash Water
‘ Was decanted off the galena traneferred to the flo&ation cell
hydrochlorio acid or potassium hvdroxide added to controi the
pu,vand the volume of pulp brought up to 250 cC, while maine
taining 8 low pressure of air. ' ;’ o
B mhe pulp was airuagitated in the cell for 5 - 10 minutes,
; while initial nn readings were made at freouent intervals.,
4 ce. of terpineol snlution (250 mgm. per 1itre) Was added
to make the terpineol concentration in the pulp 4 mgm, per
1itre. lhe ailr pressure was brought up to 45 om. of mercury,
| and the overflowing froth oollected for 5 m1n° fA fine szream
of water (about 5 cc. per min ) was used to Wash down the,
inside glass walls of the oell during the run, and to assist
the froth to overflow, After the & min. period the air
pressure was 1owered to stop the overflow, a series of pH

: measurements was made on the pulp remalning in the cell- and
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~ the volume gf pulp in theicell was noted. The~coneentrete‘ano
 failings pulps were filtered througthOOCh crucibles;'thev
\crucibles were dried overnight at approximately 80° o;, andk
'i weighed° The reoovery was calculated as the peroentage weight
of total material recovered in the froth overflow.
| rrhe pH et the beginning end end of each run was obtained
by plotting pH versus time, and interpolating.
‘Results ‘ | |
The results of this series of tests are given in Table 9
and Fig. 5;' Runs numbered 45 - 56 were made on #2 Galensas
-~ runs #57 - #60 on No. 5 Galena,
‘ ~Remafks
: The xanthate solution, after it was uged for tfeating
S No. 2. Galena, beoeme quite cloudy; but remained praotioally
"clear with Noo 5 Galena.i It would eppear that the former
sample may have contained an appreoiable amount of soluble
: lead oompounds whioh reacted with the xenthate solution to
‘form a suspension of lead ethyl Xanthate, Subseqeeﬁt tests
V(Runsf45 and‘58) also showed that the two samples behaved
"differentiy in flotation. | . |
In all runs made, the pH in alkaline solutions tended
to drop, and in acid solutions, to rise during the course of
the‘run, r*his change of pH With time is shown by Fige 6 and
',Fig;’V;‘ In only two cases (Buns 55fand 55) did the pH’tend,
to reech o constent value of Ted = 7.5, the rate of ohange
of pH with time appears %o ‘be greatest when the initiel con-

centration of alkali ig small. lt is significant that this
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' ’?f}Run #48 Measuring time from the addition of terpineol there,j

“3§;Was no trace of galena 1n the froth at 7 min, (pH 10 91),,,.f

‘}f;but a small amount was visible at 8 min. (pH 10. 82)9‘

%[f 11 min.12 cc. n/io HCL was added to reduoe the pH to 10 O
| :*concentrate was taken off during the interval betweent?

: mhe final pH observed at IA ming Was 9 ggeﬁ;;

e:more galena appeared in the froth

In this run, the concentrate 1iquid was yellowish 1n {;

fAimicroscopic examination of the unfloated galena inie

: the tailings showed it to- contain a considerable amount

to'507) of a white, siliceoussappearing mineral._eQQ?'

‘hedpulp in the cell was free of galena at 5 mine

Tz]Theqlonger time and extra terpineol was used to cause theef,
. ;e'already in the froth at 5 min, to overflow. =

::A negligible amount of lead Was detected 1n the

7-,ta111ngs filtrate by Saturatlng it with hydr°8en SU1fide'!f7e

'J*Run #59 The tailings filtrate was very dark in °°1°r°;€f”;?'
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5ehange’of PpH is very'similar to that observedywith the lead
»xanthate suspensions used in determining the solubility of
lead xanthabeou The equilibrium PH of 7 4 - 7, 5 may correspond
‘with thefpn associated with minimum lead xanthate solubility.
k lt is also noteworthy that the two points on the. graph :
(Fig. 5) for runs 59 and 60 made with Galena #5, fall on the
curve obtained for Galena #2.

Conclusions

l’ihe graph (Fig. 5) shows that complete, or almost oom~
plete reoovery of galena is attalned in the pH range 2 5 to h
9, 5 (approximate) BetWeen pH lO 0 and 10.8 the recovery is
a linear function of the pH, and becomes zero when the pH
is lO 8 or highero ’“hese findings substantially agree With‘
those of Wark and Oox (54 3.2) obtained by contact. angle
measurements@k ihese Workers reported the oritioal PH of ;
galena in & 25 mgm. per litre potassium,ethyl xanthate 80l-

kution as 10 1 - lO 3.



A FURTHER EFFECT OF pH

Procedure

A sample of Galena #2 was ground and sized as before,
treated With potassium ethyl xenthate in the usual way, and '
transferred to the flotation cell with 10 ec., 0909 N, KOH in
“,a pulp volume of 245 cc. Time was measured from the time of
transfer to the,cell. At 8 min. 4 cc.~terpiheol solution was
- added to make the terpineol coneentration in the pulp 4 mgms.
per 1itre' and the air pressure was kept Just below that
~ necessary to produee overflow. | ; | ;
ﬁo eolleetion of,galena toOk‘place as the initialipﬂ of
"11e45'dropped te 1152 over a‘perioa of 12 min,: but'galena
starbed to show in the froth about pH 11.15. At 16-19 fnin.
10 cc. 0.09 KOH was added to bring the pH from 11.1 up %o
»11*5"but the ihcreaee~in pH didenet appesar te deCreaseethe
amount of galena in the froth. |

Further additions of 0.09 N KOH were made as follows'J

‘”Time~(mine) ce. KOH added  pH before addition pH after

a5 10,8 11.28
B6F 10 © 10.96 11.45
69 10 117 11.56

hroughout this time, no decrease in the amount of ga1~

ena in the froth was obseTVedg

At 75 mino 1 cc. terpineol selutien (250 mgm. per litre)

was added' the alr pressure increased to 45 cm. of mercury,

and a:concentrate removed‘for 5 min,
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Results * ¢

‘the reSults of thié run are as follows:

‘Hesd weight: 2.521 gms.  Concentrate welght: 2.357 gms.
- Pulp vOlume:‘ | Before run 275 cc. After run 275 cc.
“Pulp ph- | ’,e,k ARSI R 46 | w9y 40

% Recovery'~ﬁ 93.4%

‘ Conclusions

‘: It would appear that once galena is brought up into ‘the
‘froth it is not depressed,‘or difficultly depressed by a pH
| above the critical value°

”he time factor may, hoﬁever, play some part ~1his eould l

be checked by controlllng the addition of alkali in such a wayk

gythat the pi is always maintained above the point at which

'collection starts, and making the run over an extended timee
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SUMMARY

The work undertaken in the‘present'reseafch‘is‘explor-
atOry,in neature. The aim has been to cover a fairly wide

field rather than to investigate fully some particular phase

- of that field in- the hope that the general findings will

point the way to & more exacting investigation of the probu

~ lems presentede‘ Cenelusions advanced et this time should be

' f'regarded therefore, as suggestione for further work ratheP

' than as final carefully checked statements.;

l.’ The concentration of lead ions in equilibrium with a
saturated solution ef lead ethyl xanthate depends on the pn
j7of the solutien, and 1s a minimum at 0.15 mgnms. per 1itre in
2,, A pneumatic glass flotation cell has been developed
‘aad‘fbund suitable for making measurements of floatability
yfwithwsamples of minerals Weighing only a few grams,k
| 3.; A method for measuring the floatability of solid parni

'fticles in the absence of reagents other than water has been B
\"inVestigated sufficiently toVindieate that it has seme merit,
‘but’requiresrmore~careful eontrel of variables if it is re-
quired to yield quantitative reaults. | |

4. Some natural galenas may show inherent floatability,'

kothers do not.

5. A synthetic precipitated lead sulfide can not be

floated with terpineol aloene.
| 6. the recovery of galens treated with ethyl xanthate
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lghd fIOatédgin the presence'of terpinebl is substantiallj
éompleté in sdlutionskof’pﬂ less’than 9.5, The fecovery is
~gero if the P of the solution is 10.8 or higher. ’

k : 17; SA,reaction of measurable rate tekes plaée‘wheﬁ lead
xanthate, or xanthatentreated galena is placed in an aqueous
~acid or alkaline solutiency ihe course of the reaction may be
followed by the change’ in pH with time. |
v | 8 Xanthatewtreated galena, once it is brought into
gthe froth is difficult or impossible to depress by an in-
crease in the pH of the pulp above the critlcal pn for the
fmlneral.

v 9° sémekcofrelaﬁlonkmay‘exist befween the éﬁ'COrréspOndm'

‘,ing to minimum solubility of lead ethyl xanthate, and the
k;equilibrium pu attained when xanthate treated galena 4s’ placed

in an alkaline solution of pﬂ greater than the equllibrium

value.



