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;INTRODUGTI@N f; R o |
, During reeent years there has been extensive
winvestigation on both the theoretioal and praotioal aspects
?;of fl@tation. In the theoretical 1nvestigations, ‘the aim has |
‘;;been to inerease the knowledge ot the ohemistry of the
"l;reaotions 1nvolved 1n the flotation praoesses, and thereby to
  aiﬁAin the centrol of these prooesses, while in the practical_l
finvestigations the aim has been to improve, and reduee the |
‘ffeosts of, exiating operations and to extend the proeess %0 .
'i'ﬂhithexto nnamenable ores, - f
o | Mbst of the practioal investigation so far has
‘dealt with the actlon of colleotors in an attempt to increasa
iethe knowledge of - preferential flotatlon. As~a result' many

ﬂlnew eollectlng agents have been diSOOVered seme of which are

'7,‘not entirely satisfactory with the ex1st1ng frothing agents;'

Ty fAs an example, when X anthates are used as eollectors far

'sulphides, pine oil is an excellent frother. But when goap
'; ,is used as a cellector for nan-sulphlées, a delicate balance‘ ,
‘must be set between the amount ‘of soap and,pineaoil present,
eor the plne 0il 1nterferes with the action of the soap.

: | The investigations recerded in thls paper are a
econtlnuation of ‘work started the prev1ous yearl, and deal

‘Wlth new reagents which have been suggested as Frothers.z

? Bianco, R,H., and Pothins, 7.1,

_M"New Frcthing Agents for Elatatlon"
8 ~Besh.Scs Thesis, University of B. C A@ril 1937.
Dean, R.S5., and Hersberger, AeDe ‘
. "New Flotation Reagents" AJT0MLH, E. Teeh. Pub‘ ‘
04 605, 1935.,,M g :




k) he tests were ma&e under eondltlons comparable
| ”5;fw1th those eneountered in actual mill operatloné' Machine,
“ipulp den51ty and amount of reagent used are typical of those
s!in oammon practise, and 1o give a basis of oomparison, |
"?ss":‘quantative analysis of the concentrates were made. '
. i‘ Lo In the first part ef the paper, an cutllna ef |
sfthe hlstory of flotation, and a brlef dlscussion on the theery
"fof the procsss as shown by a consideratlon of the reagents
.;ﬁused therein, is glven. In the second part the tests are
':ysl outlined, and the results discussed and recorded
i ; ]“’“,:’HISTORY oF FL@‘ILA.TIGN

PR

The earliest reeorded attem.pts3 to cencentrate

”:fores by flotation were 1n 1860 when a patent was T issued
‘7sfffto HayneS¢: Hls procesa ean31sted in mixlng the - ors w1th one
‘f~fifth to 0ne nlnth as much fatty or elly agent,' gitating 5"*"

f'fthe mass with water and so segregating the eiled sulphides

o wfrom,the earthy material, Thls,precess wasbknown as~the '7‘

s'af;bu1k~01l process; '
Gt Opposed to that process was the sKin-flotation

'fsulphide and non~sulphide partlcles. Separation was effectsd

~szﬂby hav1ng a free water surface approach the dry, or drying

[}minerals.

The period,froleQOl to 1905 marked the intrcduc-",

3 Gaudin, A.M; 'Flotation' Ghap. I. MeGraw—Hlll,
: Nsw York 1952.‘f' e ‘
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,tion of gaa as the buoyant medium.; Delpfatt and’Pother
fprOduced gas by the effect ef acid on carbonat95° other .

5f1nvestigators used . eleetroly51s, vacuum generator, or direct

'n;ﬁlntroduction~of gas. In the latter case, the*gaa wasfusually ‘

‘fair, introduced elther by agltation, or by direect applieatlon“

\n~j,°of eompressed air through nozzles. ,Qne,of the ma;n,eeeu&ts

‘fof theﬁuse‘of a gas yas a very largewreduetion_in the amounts

anQOf oll necessary for sulphide flotatlon. With thé‘bdl&*eil e

‘:i;method oil censumptlon was between 250 and 400 lbs/ton of :

if 3orewh10h was: reduced te between 3 and 2 0 lbs/ton With the

"3_e‘introductlon of gaa. ‘f R ~;,‘~_' ‘f*, o " -

The next sep forward was_ the discovery by Perklna Q‘

‘Vmﬁelin 1921, ef the collecting propertles of varlous organlc

A7Ff;eompounds which centalned nltrogen in the trivalent state or :

 ”“ie;[sulphur dn- tne dlvalent states. This was followed: by the g

“,‘:;fintroductien of X anthates in 1924,_and the change from an

'feacld to an alkaline circuit. These &evelopments marked the

B jgbeginning of 'chemlcal flotatlen', as opp03ed to the ’oil«

?flotatien*;‘which preeeedeﬂ it.

"ffHEORY OF FLOTATI@N AS SHGWN BY A STI)Y OF THE REAGENTS
JJINVOLVEB Gt s | .
The chemical reagents used in - meéern flotatlon

fepractlse may. be greuped un&er four general headlngs'

ﬂFrothera. f

| j,Jcollectors or promotors, 3

yeﬁgffActlvators, deactivaters, and. depressors. ,
,,;;«PbH regulators and Miscellaneous Beagents.
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, ‘Bach of these will be dealt with 1n order.
a;,¢>Frothers R ‘ e | _
k f(,) Deflnitlon and eharacter of frothers.:o' ,
S The purpose of frothers is to make the bubmes in
7lthe flotation pulp more elastlc and persistant than those
“l»Tobtained with a pure llquid. They are organic ‘substances
‘.oflcharacterized by 2 heteropolar structure in their moleeule,'
<k €. one part of the molecule is polar, or Water avid and
:lﬁ1the others part ie non polar or water reoellant.‘ These parts
‘:,Qwill be denoted by (x) and (R) reepeetively. It 1s this dual
"7~;1;character of the meleeules that the frothers ewe thelr power¢:
‘ﬂ;Both affinlties oan be satlsfied when the molecules are
“l7fil eriented at a gas-water interface, and so bubbles in a liquld‘
| l:econtaining a frether are partially lined with a layer of ,
oll}frother moleeules, the polar part being absorbed in the water, |
’ “landethe non polar part sticking out into the air in the ;k |
1.;;bubble‘ When the bubble film starts to streteh more llqulﬁ

‘*eimust come from the bulk of the solution and so the solutlon

fPat the interface ie diluted4 Aceordingly, the surface tension
;fis raised, and the tendency‘to stretch is counteracted.;.ThiS .
vlflfgives the bubble the needed elasticity and‘persistance.‘ |
e ' The orlentation of the frother moleeules at ac
‘.l‘gas-water interface is well illustrated in the follow1ng

l?,sketch; |

4, S o .
Gllliea, G'A¢, "The S@ry of the Buﬁﬂe" ) ;
, Annual Meeting, C. I,M}M} Vaneouver, B.C. Novs 1957.




_Gaseous Phase.

| Flg. I. |
7;In such a. lined bubble, the (x) portion absorbed

in the water will lower the surface tension of the water and
 }$0 give the bubble the desired elasticlty, while the (R)part,_
;isticking out into the alr presenﬁs an inactive surface to

b?adjacent bubbles and se tends te prevent coalescence of the

*”ee]fbubbles.e Thus the above comblnatien of (R) and (X) gives the

"‘e'stabillty te a froth Whlch is required in the flotatlon process;

(v) Relation between Frothers and Surface Tension.-
P | The relatlon between surface tens1on and dllutien
}1s shown by Glbbs adsorption equation.

as -

_&-. dr
RT.EE.

Whe?efa\e amount ef materlal adsorbed at the interface.

' OQ:,eoneentratlon in the bulk of the liquid.
"R = a eonstant ,
dr = rate of change of surface tension with

R cencentratien.,



6

‘[It is seen that 1f 'a' 1s large, dr is correspondingly large,

e dc ‘
*f;and if 'a' is small dr will be small Grganic compoun&s are
- - de . ‘
;‘strongly adsorbed dr is 1arge and so ‘a small ohange in

b de

1e eoncentration e&uses considerable drop in surface tension.

feOn the other hand inerganlc compounds are only slightly

k" iadsorbed and ‘so large coneentratlons are required to give

3mueh change in surfaoe tens1on‘ Therefore organic substances

75are favared as frethers. Another cenclusien from the abeve

‘7f7equation is that if a seluticn has a lower surface tension

k‘ek‘than the water, there will be an - excess of solute preeent in ;

e‘the surface layer, over- that in the bulk of the selutions:

 7ej;Conversely when the eoncentr&tlon ef the surface layer 1s‘

”!gkgdecreased by dllutlon, the surfaoe ten31on will be raised.;

The change of surface tension Wlth respeet to

fi:concentratlen of a soluble organic substance is shown 1n the

ee“e,follOW1ng sketcha

! ~ ~ [

;541):{4:‘{9 Tension Dynesfcm.




The level portlon of the curve, from A to B
_correspends to a small concentratlon of the solute, and the
.*molecules are arranged haphazardly on the surface of the k

‘solVent w1th the soluble polar part (X) dlssolved in the water,

iyﬁand the 1nsoluble, non polar (R) part 1ying on the surface.

‘j5;At point B, there is a suffleient cencentratlon of the solute'

molecules to cause them.to arrange themselves in; an orderly
‘;,manner at the interface, as shown 1n Flgure 3., Eurther*iﬁ
7efincreases 1n the amount of solute, crowd them.eloser together,
 eunt1l at the p01nt G, a closely packed monemolecular layer
fof the solute 1s formed at the 1nterface.« The affect of
< egreater conoentratlons of the solute is not s0 marked sinee

ethe excess molecules can only be plled up on the surface layer,

G and their polar parts do net have an cpportunity to exert thelr  f

”,fe;full effeet 1n lowering the surface tensien by 1ncrea31ng the

'ooncentration of (X) in the 1nterfaolal layer ef water. e

 ____ GAREHEEL  Gaseous Fhose
- HHHKRENE /‘_’k‘,‘gu'/'d'P/zaSe -

o : Fig. 3@ _ , , _ /
J(‘) Relatlon between Structure and eff101ency of frothers.

: , ' According to Traubes rule there is a deflnlte
relatienship between the length ef the hydrocarbon chaln,

"~f the solubllity of the oompeund and the lowerlng of the surface




eﬁenSioﬁ ef'the'éolutionk For each (GHz) added the solublllty
'eis eut approx1mately 1/3 and the surfaoe tens1on 1s_3ncreasedm
1by 3_ for equlmolar amounts of the solute added. Accoralngly 7
‘ fwhen the hlgher hemelogues of a series are used, the solute |

fwill be nearly all at the surface, and when two bubbles

 ~,:eoelesce, the decrease 1n the area of the 1nterface will cause

'flocal supersaturatlon and disappearance of the froth. Thls
 would 1nd10ate that the intermedlate homologues should be S
:ﬁ‘,more favorable for frethers. | | =
. e | Dean and Hersberger5 belleve that the above -
 f consideration, re. length of hydrocarbon chaln and insolubllity;;“
i%applies only 1f the polar part is restricted to a simple
n_lhydroxyl or carboxyl group, and that if sultnle polar groupe

;':eare chosen to glve the preper balance between the polar and

 non-polar parts, hydrocarbon ehalns of much greater length can

'   be useda It 1s aleng the llnes suggesteﬁ by them, that the

’7cempounds under eensideration in thls paper were formed.

yiéJ ;Summary'of requirementslfer Fréthers;y

| e 7  ‘The requlrements of & frether have been summarlzed‘
ﬁ'by G¢A. Gillles,6 as follows'

‘*lé It must be an)organic substance“'

:2,; Its moleculee must be heterepolar and con51st of ode

VV*B, R. S., and Hersberger, A, D. "New Flotatlon ReagentS“
“7.M B:-Tech Pub, No. 605 1985, , :

‘:AS§~G.A.,é The Story of the Bubbler
'nnual Mee,,ng, Ce I.M M. Vancouver, B.Cs Nnv. 1937¢;




'*,;follows'

o SRS A
for more hydrocarbon radicals attaohed to a poler group.
5. There Should be only one polar group, and 1t should
:preferably onntaln oxygen in the (OH) (COOH) or (CO) ferm, or
‘ initrogen in %he (NHB) or (GN) ‘forms
"j 4;_ It mnst not ienize materlally.
';*-5;‘ Its solubillty must be neither large nor very small
w1th a range of from 0: 2 to 5 O gme per lltre.lk' ;
6; It must be reasonable in cost and easily ebtained.'
;‘ The above has been supplemented by Dean end )
7

] !Hersberger W1th the following.

“"The prepertles of an 1deal frother may be eet down as

| nfl;’ It must form in 1ow concentrations coplous but net
,too persistent froth. e ’ - |
) 2;, It must be 1nsensitive to hydrogen—lon concentration

feof the pulp. that is 1t must froth equally well in an acld

,._/}gr alkallne medium.

175; It must be 1nsen51t1ve to salts,~even in high
:concentrations‘ " o L K ' : _
- It must be absolutely non collectlng to both sulphl&es fn
fand Hon sulphldes.Af_ | '
i Se Its frothlng propertles must not be affected by
j{collecting egents, 1nclud1ng seap, the most generally used '
”'non~sulph1de eolleeter. ' |

’46 It mnst readlly emu151fy and disperse any 1nseluble

77 Dean? R S. and Hersberger K D.~'"New Flotatlon Reagents"
M ~E‘ Tech Pub.e No.‘605 1955




=710 “
collecting agent that is likely to be used," |
i , ' The reagents tested in this werk were ones oute-
"llned by Dean end Hereberger as fulfilling most of these

~requ1rements.

“'Gollectors

(a) Beflnition an& character of collectcha
Sy ‘;' ‘ The basic princlple of mineral flotation is that

1f a mineral particle is 1nsolub1e 1n Water,‘it is water— .

e repellant and a1r~av1d. The more 1nsoluble the mineral is,

\the greater the ease with which 1t can. be floated and the

;’more soluble it is, the more difficult 1t 1s to float, or the

eea31er 1t is to depress. The purpose ef collecters 1s to remhr’ 5

the mineral particles 1nsoluble in the solutlon, hence they ,
‘:w1ll be attraeted to. the air bubbles and flcated to the surface.
They are heteropolar compounde, but unlike frothers, the polar
lpart mnst be aetive and ionlze appreciably. The polar part is
‘:attached to the mineral partlcle, 1eav1ng the nen polar part |
stioking out fromgthe surface. Thls ‘gives a hydro phebe

;coating to the mineral surface and renders it air—av1d.

;(5) Reaction between collectors and mineral particles.
ki ik The exact nature of the chemical reactlon whereby ;ﬂ
the cellectcr is attached to the mineral surface 1s still a |

matter ef discussion. In some’ cases, sueh as the flotation of
’eopper carbonate by amyl X anthate, there 1s deflnite ev1dence

to show that copper X anthete is formed by metathesis or double“'

"decom9051tion., However thereis _just as much evidence that



,pyrlte does not form iron X anthate, but that the” collector isl
ﬁ;attaehed to the pyrite particles by adsorptien, whlch is

 ‘reacti0n between the polar part of the collecter molecules,

‘ fand the residual surface. valenoe of the particles. Chrlstmana

“' :suggests that certain sulphldes, when subject either t0

 oxidat1en or adsorption of ions, f@rm macreions, as. seen the

 .followinv example of galena.

AL FPh= s—

o " LA .

| =pp=S= Pb-‘
Lo . r

As 505 or s0,

WNiacromolecule - Macﬁ‘o}on.. :

5 Lhese charged partlcles tend to repel each other

V,VAby reason of the llke charges they carry and S0 are dlspersed

chroughout the pulp. When»thefcolleetor is added, it combines

‘7‘ fw1th the charged macrotn and forms a hydrophobe Grganlor

~1¢oat1ng on the particle.‘

Pb e AT +2ﬁ’5 +2Na = m/%(jR) +2/va+F/’

'~5The colleetor shown above is of the mereaptan type

R"S =N as

.ffwf Gas-Solid attaohment

There is a dlfference of aplnlon among 1nvest1aga=;

:,tors as to the ezact nature of the process whereby mlneral
'~;partieles, eoated w1th eollectors, are hound to the bubbles

B;Chrlstman.‘ "Chemlstry and the Flotatien Precess"
‘ American Cyanamid Go. Tech. ?aper, Nos - 17 Nov 1950.
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e

V*in the pulp and freth. According to Gaudin9 it is the f)‘

'_polarity of the surface of the mineral Wthh ﬁetermines

‘pﬁ;whether a partlcle will remain attached to a bubble after an

"fenoounter between the two. A stu&y of the contaoct angle‘ahows

 that 1f the. sgrfaae of the partlcle is non~polar, there 1s a
}tendeney‘fer the gas £0 displace the water at the surface of
vethe solld (Fig.,4(a))but if the surface of the partiole is,
kgpolar, the Water’w1ll tend to displaoe the eas, and the |
- particle will be returned to the~quuld,phase;,(Figau4Cbaf)h'

relar ’
szbstance:

/Voﬂ ~Olcr ;k -
X 5cfbsf¢”ce S

“ai>‘ = Ry

i christmanlensaggeéts'tngi‘the (R) of the collector
;‘13 absorbed\by the (R) ef'ﬁhe'froﬁher; and/se fastened te'the’
:bubble.‘ In the cplnlen of the writer there are two factars
' opposing the latter viewpoint Firstly the (R)‘portlen of
k¢the frether and collector molecules is a hydrocarben chain,
ﬂe‘j~~ a very inactive substance, ana 1t is practioally imp0531ble :

afor there to be any reaction or adsorptlon between two suoh

| 9 Gaudln, A,M; "Flotation" P. 98.' McGraw Hill New Yerk
: e 1952.”; r : ‘
10 Emerlcan Gynamla Co,\Tech Paper No. 17 Nov. 1950



¢hains£ Secondly the (R) of the frother is not presented to‘
¢a particle as that partlcle approaches a bubble. When a

 bubble is in the pulp, the condltions are as in Fig.,5.

g R ) : .
. @ ;*L/.OarflC/@
A R ‘
R.R: L L

«Eug;5 ComELa ;M'H,V‘  3 !‘
’ o The p@lar part (x) ef the frother is in the waterf
and the non polar part (R) 1s 1n the air. Henee'when the
2partlcla approaches the bubble, ‘the (R) of the callector
‘,would have to reaet with the (%) of the frother, or as is
*Aprobably the true case, the (R) of the collector, belng water“‘
;repellant is attracted to the air in the bubble and thus |
Y fastens the partiole to the bubble.,y,ggg
Sy ~ That such a state, as shown by Fig. S, exists ;
":also in the froth is shown by Gaudins picture of polygonal»u

bubbles in hls discu351on of pulp drainage from froths.ll

(Flg. 72) -
. s
; o <\ Aflfnzao/~ /fpart /C /€5
P
A 1

Gaudln’~'5M¥‘ﬁFlbﬁatibn's'?al09‘ McGraWiHill,NeW:Y0$ko'
L LN e e i ea



: When the bubble is in the pulp or the froth
f(excepting‘the surface layer of the froth), there is only

'one skin or wall to each bubble, and hence there 1s only

: ione layer of frother molecules present,.as oppesed to two

1an1g. l. The mineral partlcles are eontalned in the water

 f1lm between the bubbles, and fasteneﬁ to the bubblee as

':explained above. Fige l. is true for the surface layer of

'kbubbles of a frother, such a bubble must have two sklns or

'ulnterfaces s1nce 1t is. composed of a fllm of water, with air
u“gon both sldes of it 1 |

‘ 5(d)~fEreférenﬁielseollectbrSa,' |
: Preferential flotatlen depends upon the oelleetor |

}aetlng preferentlally w1th the de51red sulphide, or else
’forming the most 1nsoluble coating with the des1red sulphide.

s The fallowing are typlcal examplesr

5X‘enthates cglleet,?b mlnerale ln prefeience,tOjGu,orLHg
,emineralS:, diouer‘Xlanthatee celledt’cu;fFe or Pb mineralékin
lpreference to Zn or Co mlnerals' substituted dlthnphosphates
colleeb the Gu minerals, soaps eollect minerals of dlvalent |
land teralent metals, and fatty acids, sueh as olelo, collect:
7‘the carbonates and ox1des of the metalllc mlnerals. |

The use of~fatty a01ds~gives<a preferential:separw"‘
L tlon between the non~sulph1des and - sulphldes, but among the
"non~sulph1des, &uch as carbonates and oxides, it is praetically

lafun;versal collectgrs To,modlfy thlS actien speelal reagents;,u



S o ..15.,," :
‘must be used.lz By the use of hydrated phosphates, such as

*sodium.metaphosphate, and soluble metallic salts, chromite,
\ewes separated from limestone, and fluorspar (calcium fluoride)
from llmestone (calcium carbenate) In the first cese, the
'»:soluble salts used were lead nitrate end ferrous sulphate,
,whlch resulted 1n coating the llmestone with iron carbonate
and the chromlte w1th lead chromlte. The former is depressed'
}by the metaphosphete while the latter is not, and s0 thef

k',seperetlon was effected.k In the fluorspar, limestone separa-

: ;tlon ferrous sulphate was again used. As before it coated

ethe limestone, but did not affect the fluorspar,~since
r,eelcium.fluoride is less soluble than either ferrous fluoride“
kfor ca101um,sulphate. When the metephosphete was added~ the

}llmestone, with 1ts coatlng of ferrous cerbonate was depressed
dhwhlle the fluorspar was not, and so could be floated off as .

tne_copcentrete;

(e) Types of Golleetors.,

lhe types of collectors 1n general use are

k~,15~§x enthates  _ - - o ,R'-’ Allphatlc group.
',2} ,Ditthphosphetes (Aerofloat) el o . R= Alipha=
T ‘ ' “ticor -
aromatlc
group.

:3;71Mercaptans | R=5=H e
,74;“*Fetty and Aromatlc cerboxylic aclds

lf{5; inanthate derivatlves ~ dixanthogen = _A-

=5
: monoxenthogen R -s -

‘043 D:m

“S5-
e
~§

' '1;2_,3055 E.H, and ‘MacDO‘nald,» . U8 ;Patent_l\Io,f 2,04@,187;
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i*Actlvators

Activating agents are compounds which react with a
'non floatable ‘substance and so alter its surface as to render
=it floatable. Thls is achleved by forming sueh a coatlng on
\the partlcle that reactlon between this coating and the'ef
"collector will result in the formation of a less soluble ‘com~
5 ,pound than that formed between the collector and ‘the mineral;
eAs an example, sphalerlte will not float when treated with |

ethyl xanthate because zinc ethyl xanthate is relatively

7soluble. HOWever, when copper sulphate 1s added 1t reacts
k‘with the sphalerite formlng a coating of copper salt on the |
|  ':epart1cles, anﬁ this, with ethyl xanthate forms 1nsoluble '
,eopper ethyl xanthate,‘whlch is readlly floatable. |

The most effeotive actlvating agents are eopper,
’lead or. mercury sinece their organie salts are the least

. soluble.~

Deaetivators e N
vi o The purpose of deactivators is to undo any accidental
:actlvation whlch hae ocourred in the mlll clrcult and so pnamnt
the flotation of some undesired sulphldes. In complex copper
‘zinc ores, the sphalerite becomes activated by the copper whlch
1s dlssolve& in the mill solutlons, and would float w1th the

‘f  ehaleopyrite unlees 1t ie deactivated. The aeactlvator used
‘kis eyanlde, Whlch dlssolves the coating of copper prev1ously

';‘~fozmed on the 5phaler1te, and henee renders it unfloatable.f_'




,1~417‘§‘k
eDe ressere. o . | )
x’ The aetion ef &epressore is to prevent the flotatlon
‘of‘eertaln undesired minerals. This 1s achleved by forming
ka coating on the partioles which is non soluble in the
oellector molecules.‘ “AS an example, the actlen of pota831um
chromate on lead carbonate is to ferm a layer of lead chromate
“at the surface on the partlcles which is less soluble in the
!collector than the original lead carbonate. , |
| Wark and Gox13 studled the aetlon of alkali and
~‘cyan1de on pyrlte and coneluded that thelr depressing actlen
was due to preventlen of absorptlon of xanthate by the pyrite,'p'
;rather than to any eoating formed by the alkali or - eyanide on |
the pyrltea Wltheut the alkall and cyanlde in the solution,‘
kthe xenthate abserbed readlly on. the pyrite partloles and
eollected them 1n the froth.

The effect of temperature on the depressing action
of cyanlde on certain sulphlde51s shown in Flgs.yB and 914
eIt is seen that et the higher temperature there is a large
~inerease in the emount of cyanlde neeessary to depress the
pyrlte, but only a very small increase in the amount necessary‘

to depress the sphalerite and chalcopyrlte.

13 Wark I W. and Cox, A.B.

Prlnciples of Flotatlon III.
, A I M.E. "Milllng Methods." 1934,
14?, Wark, I.W. and Gox, A.B.
‘ Prin01p1es of Flotation VI
Mlnlng Leehnology.' Jan. 1958.
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| (In fig. 8, 9, and 10 the curves 1ndlcate the

 "tezminat1cn of the alrﬁmlneral contact i,e. the point at
'which flotatlon of ‘the. mlneral w1ll cease. Thus the area ‘

}below ‘the curve ds where flotatlon is pcssible, an&,the ares.
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’;P H Regulators. B

\ - These reagents are ad&ed to oontrol the P H of the“
',flotation pulps.' Slnoe the advent of . 'chemical flotation'
"‘all pulps, except for e few speoial prooesses, ‘have been 5

alkallne, maﬁiy because the alkaline reagente remove oertain

"soluble salts in the ores- whloh would otherwise preclpitate
ovthe organio colleotlng agents, Lime;is the commonest reagent
for P-chontmolg By the use of Sodlum carbonate ot sodium | |
sulphide, the P H may be huffered between 8 = 9,5 and and 8, 5‘
1-~1O respectively.,(

The 1mportanoe of P H control on oertain separatlons

, hae been shown by Wark an@ Gox.l5° In the following graph the',f"

| fcritieal P H's for pyrlte and sphalerlte w1th varying amounts :
of llme and sodium cyanlde, have been plotted. It 1s ‘seen tnm 7
- the most favorable condltlons for separatlon would be w1th 8

kngp H of between 6 and 8 While 1t would be very difficult to

- obtain a separation at ap " of 11. |
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Fig. lO. -
VCusoé 5H20 | = 150 mg/litre
[ K_Et X H ‘Sng/iitre
i“e’rﬁp | = 859

QMiscellaneous reagents.

S In this eiass are certain reagents whleh are only l
ﬂused when certain pecullarltias in the ore require modifieatlon.
ths an example, when there is mueh ohlorltlc materlal present N
kln an ore, it is usually ground to oolloidal size, and comes

,uP into the froth in the flotation oells, causing a tough

f4froth, and a lower grade recovery. To overeome thls, a dis-f

o per31ng agent sueh as sodlum sillcate is used  This eoagukﬂbs

 the colloidal particles, and they remain with the other gaugue

,mlnerala.
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: » The tests were carrled out in the Ore Dressing |
‘labsratory at the University of British Golumbla, by Professor‘

wGaA. Glllles and G.H. Gwyn.

CHARACTER OF J.HE ORE” | -
The ore used for the tests was a nickel-eoPQer ore
"'supplled by the B.C. Nickel Mine Choate, B. C,, The ore

‘bearlng roek is a hmrnblende-pyroxenite with varylng amounts

;of hypersthene. The mlnerals are pentlandite chalcopyrlte,
f,pyrrhotlte chromits, and several others 1n mlnor amounts.

The hlgh grade ore carrles up to 50% sulphides.

: The sulphldes oocur'

‘%L, ~as grains varying in size frcm 14 to = 200 mesh

25 -&$ veins in fractures of" the hornblen&ite, and filllng of
gintercrystalline spaces, ‘

3, as massive sulphides, up to 1} inches in diameter.

7‘ "Ths 6halcdpyrits and'péntlan@ite are intimatély
}mixed. A small amcunt of the pentlandlte, in minute grains, is
slocked in the pyrrhotlte, or lies 1n bays along the borders af
fthe latter. In two plaoss was observsd what was apparently a
eutectic allay. ‘ : ’

“ A partlal ohemleal analys1s of the ore gavs the
 §£01low1ng rssults. | %

i . A

Nl ' 1,39
o ie
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Fe ‘11375

Mgo 17.15 , ~ 5t |
ALO  12.25

ca0 1,24

sI0 - 39.00

‘Two dlfferent samples of the ore, both however from‘
‘the same section of the mine, were used in these tests.  The«f‘
ffirst sample,used for tests 22 to %6 1nclu31ve assayed 1.12%
‘?Ni and ,35% Cu, while the: second sample, used in tests 37 toi

e‘¥54 1nclu31ve assayed .92% Nl and .26% Cn.,‘e

{‘DESCRIPTION OF THE MAGHINES ‘

Ry A laboratory rod mlll (10" dlam.by ll%" long) oon-,‘ 

| etaining 24 steel rods (%g diam by lHﬁ 1ong) Was used to
~grind the ore. It Was drlven at 44 RePo M. ‘ ’

" | The flatation cell waa e Ruth- laboratory maohlne,
ch 1000 gn 81ze.’ It is an agitation type machlne, drlven |

”'.by an. electric motor at the top of the Spindle.

‘ For measurlng the p H of the selutlons, a Leeds and

Northrup glass electrode machlne was used.

2 u;DESGRIPTION AND LIST oF THE REAGENTS

; The reagents tested Were of the form suggested by
'JDean and Hersberger18 as belng sultable for frothing: agents,

:‘ana were synthesized in the chemloal Laboratory at the

5 Dean, B S., and Hersberger, ADe 1 SRR ~
MNew Flotation Reagents"v AVI M.M.E: - Techs Pub,
No. 605 1935 : o SRR
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They are organic eomppunds~
Ethe number of carbon atems in the hydrocarbon chains varylng

:f\frem 8 to 275 an& the polar groups are sulphate, phosphate,
fpyrldinium, or qulnalﬁlnium derivatlves. Most of them are
‘;difflcultly soluble in water, so solutionsw1th pure ethyl

'alcehol were made, and standard amoun ts of these solutlons

laddad to the pulp.a The streq;h of the solutlon is recerded o

 msa Percentage-  meleght of reagent R .
' . Total Weight of solvent and X’ lOO = % Sqln.
reagent R

‘The drops of each solution were calibrated, and the weight ,
of the reagent added to the pulp was oalculated. It is this’
solution of the reagenﬁs ﬁo which reference is made in thls
nil‘paper, and which the conclu51ons are drawn from. | |
" | To glve a basis of comparison, tests were run using
“terplneal anﬁ\plne oil as the frothlng agents., These are the‘
olosesﬁ approach to ideal frothers of any that are in
commerclal use today. No collecting agents were added.

; Follewing is a llst of the erganlc reagents, with
';thelr chemlcal formula, the weight of a drop of the selutlon
}and‘the strength of the solutien. ‘;,'l
”REAGEN$;,A ,—* Pota&sium.salt of Manocetyl phosphate"

..0

016 H35 - 0 - P\OK

,_lQ,V‘% soln 1 drop,§7;06L7 gms;

- Qwale, J.J. "The Synth331s of New Flotation Agents"
o MaAs Thesis Unlver81ty of B.C. April 1957.4 :
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'Carbo octoxy” methyl pyridinium,chloride

ll

" Cg Hyp = 0 - C = CHy = N <>

ll 5% soln ' l drep § ,.018 gms.

,Garbo laurylexy methyl pyridinium chloride
012 25 0 G = CHg - N -=~ 

ct ‘
11.2% soln S drop = .6169 gms,

‘Carbo chloresteroxy'methyl quinaldinium bramﬁbfr

ll‘

027545-0-13-052—1\1 '

7.8% soln 1 drop = 0187 gms.

Carbo chlbr‘éster’oxy methyl pyridmipm chloride

027H4:5"G"C—GH2"N @

1
c/

T 5:97% soln 1 drop?  .0172 ams.

"o<stearin dl hydrogen phosphate

0
~oH
4, 06% soln 1 drap = 50165 gms.

‘ ;Myr1styl Ammﬂnlum.sulphate

,0
¢, H ,~0-'.,:SIONH+
B

14729

4, 06% soln 1‘drop’= “0192 aus .

= 1myristyl ?otasslumVSulphate

¢, H,, -0~ soK

-~ 14 29

4.06% soln» 2 1 drop = u;elgﬁ ems

:Myristyl Sodlum Sulphate

-0 - §-oNa
G3.4H29 ° ‘:’

- 4.06% soln 1 drop = .0192 gms.



REAGENT - stearin ammonium sulphate
0 .
H .
C17Hgs -C - OCHp - GHOH - GHy - SO, - NH,
!
NH,

4.06% soln. 1 drop = .0165 gms.
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TEST ROUTINE | .
lOOO gms cf ore and lOGO gms of Water ‘were placed
s 1n the rod mlll, and grcund for 15 mlnutes at 44 B P.M. The
pulp was then transferred to the flotaticn cell, and the pulp
dllutlon 1ncreased to 4: l. Six drops of the solution being
tested were added the puip mlxed for one mlnute, and |
agitated and sKlmmed for 16 mlnutes' thls gave the flrst .
concentrate. Then sufflclent water was added to bring the
pulp depth back to the orlginal level of 4‘1 dilutlon, another
6 dropa of the solutlon were added the pulp mlxed for l
minute and agltated and skimmed for IOnmlnutes, thls gave the
secon@.concentrate. Eive such“concentrates were taken off in
each test.c In the case where the circuit was “to be acid or
alkallne, the requlred amount of acld or alkall was added and -
mlxed fcr 3 mlnutes, prev1cus tc the addltlon of the first
31x frops of the frothlng agent. / S
‘ | ,ﬂﬁhcmp chf eachgconcentrate and the“taiiings,W§s}f
Ctaken. e | -
e v _ After being dried in an electric oven, the
concentrates and tallings were weighed, and sacked and samples?
taken for assaying.f The nlckel was assayed by the dlmethyl- -
glyoxime preciplt&tion method the concentrate cqppers by '
Lord and Demcrests fluoride-iodlde method ~and the tailing X
i ccpper& by electrolytlc analysis."

f‘w g Each Tesgent was tested in a natural acigyand i
ik alkallne pulp. _1.2,’H2604~Was used to;cbtain;an aeid clrcuit, 
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. faﬁd N aig,vaélletS"tosobtain‘én alkaline7circuit,
ffDISCUSSION ON TH& TESTS ;
‘;(g)‘ Indlvidual Reagents‘f

.. Tesis No, 22 andg25
_Reagent -~Terpineol.”

Standard Test Condltiens.

These two tests were run to obtain a comparisen

;Qf performance between the new R&dﬂl Flotatlon Machine

‘(Tesn No 35), and the Ruth Flotatlon Machine in whlch previous
o testSQQ had been made. S i N |
Y  ” : The fpoth was a llttle deeper 1n test 23, and J
:’éslightly tougher, sh@w1ng that there was more agitatlon in
the Denver maohine.‘ _ , ’ ; ,

i Six drops of the reagent were added for each

Wkrconcentrate, and thls appeared %o be more than was necessary.

i Accordlngly the amount was reduced to one drop per concentrate

“in the next set of tests.'

Tests No. 24 25 and 26.“
Reagent - Terpineol g :

’ Standard Test Conaitions

In these tests, one drep of reagent per concentrate‘

:f  Twas added/ and after the second addltion there was Just enough

S ;freth to fill the machlne - 2L - 5" deep. In test 25, in the

‘lf_a01d eircuit, the froth 10f the flrst concentrate was very dark

o &ue, probably,yte the aetlon of the acids on the sulphides.

EQBianoeVan@ Potkins,‘"New Frothlng Agents for Flotatlon."

.A Sc%, ﬁhe81s Un1versi~y~of ‘Bl.Co. Aprll 1937,

£
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L The subsequent froths were progressively lighter in color.
| 'v Wlth this reagent, the recovery of copper was
-}higher in the natural pulp circuit than in either the a01d
Qr alkallne circuits, but the recovery of nlckel was . lower in |
!the natluel pulp circult than in the other two.

, Tests No. 27 28 and 29.
Beagent - #5 Plne oil, e N S.

Standerd iest Gondltlens

‘ In eaeh of these tests, the flrst concentrate
did not ‘have as satlsfactory a froth as the follow1ng ones,
',«show1ng that a sufflolent amount of the reagent had not yet‘
kbeen added k " - : \ | |
. ; v The froth produced by thls reagent was. very
51mllar to that of the terplneel both. in quantlty and |
'upers1stancy.‘ However, wlth it, ‘both acld and alkallne
’circults gave a hlgher reeovery of sulphldes than dia the
fnatnral ‘pulp clrcuit the assays for Gu and N"fer the no. 1
‘;concentrate in beth cases were 80 -41007 hlgher than in the
‘natural pulp. h | o E _
A comparlsen of tests No. 24 and 27, shows that\'
plne 011 exhiblts less collecting propertles, in the naturale

‘.pulp clrcult than does terplneol.
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' - Tests No. 30, 51 & 32 ‘
Reegent A - Potassium salt of Monocetyl phosphate

BT
16 55~ 0 - PIOH

10.7% Solution

Stendard TeSt‘Gonditiens~'

_ Thls selution dld nob glve as satisfaetory a
froﬁh as the standard oils (pine oil and terplneol) -—'the
~maximum depth being in the natural pulp Where it reached ‘
‘¢li inches.‘ In eaoh test there was a decrease in the depth
"of froth 15 the 4th and Sth cencentrete, indlcating that too
jmuch frother had.been added. In a number of the - -runs, 1t was‘
,noted that the froth 1ncreaged sllghtly tewarde the end of the
sklmming perlod, showing that a longer eonditioning perlod
;would e’ beneflclal | o | S
’ | There wae e decided collectlng actlon in the acld

eand alkaline circuits as shown by graph No. 4, In all cases,

: fthe first two oencentrates contalne& practlcally all the

‘sulphides brought up. The p H of the elrcult has & declded :i
leffect on the collecting preperties of thls eolution.' The
f,reeovery Was less 1n the natural pulp clrcult than for the
dandard oils, but we.s considerably higher in the acid and
'~alkaline cireuits.' | | o L
| Note sheuld be taken tnat in the acid circuit
a cunlulative recovery of 95 57 Ni was obtained with a

,conqentretien,ratio of 1:3.2
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" Test No. 33, 54 and 35 | |
Reagent F - Carbo octoxy methyl pyrldiniumchleridef

'II
08H1,7~O—C-CH2-§T N
ll 3% solutlcn b

Standard Test c@ndiﬁsns,’

This solutlon gave a very good type of froth:

of satisfactery depth and cons1stancy.i In the 4th ccncentrate,,\

ethe deyth of froth sudﬁenly decreased. shcwing that toc much
5reagent had been ad&ed‘

V In the natural clrcult there was less collecting
rof both ccpper and nlokel than in the tests of terpinecl or
c‘plne 011, while the froth was just as satisfactory. chever,k‘
 the aﬁfecm of acid and alkall on the eol&ectang~action'éf‘%he-
o solution was quite startllng, esyeclally that of the former.»;

 '.In this test, ‘an cverall recovery of 99 36% Nickel and 95.1%

'7copper was obtalned. None of the concentrate assays Were very

"‘yf',hlgh9 because a large bulk was floated.f

Thls frother mlght be satlsfactory in both acld
ifand alkallne clrcults within a small range of the neutral
polnt, since the concentratlon of acid and alkall employed in

the tests was quite hlgh. ViZn

F

1.6

PuH. of No. 1 conc: Test No., 35
11.0 PIRRE

. P.H. of No. 1 " Test No. 34
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Tests No. 36 37 and 58 :
Reagent G - Garbo Laurylcxy Methyl Pyridlniumchlorlde
-0~ i CH, = N --

12 25 o

ll 27 Sclutien _

| Standard Test Condltions

| This reagent gave a very satlafactory froth in

,‘Ybeth quantity and censiatancy., In test No. 57, with an

ﬁalkallne clrcult there was a sudden decrease in the froth
Jafter the second ccncentrate. There must have been some"
,freaeticn between the reagent and the alkall, because 1n both

efthe other tests it wasn% untll the flfth concentrate was

' "f;taken that a slight decrease in the froth indlcated that an.

:;excess of the frother had been added,, ‘

; s ) This reagent gave an unusually hlgh Trecovery

cof copper in the natural pulp cireuit, ‘but the change 1n the
 ,“p H of the circuit affected the cepper recovery only slightly.
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‘ o Tests No. 39, 40 and 41 ’
‘~Reagent I - Carbo cholesteroxy Methyl Qulnaldinium

: Bromlde.]%
- C gy P
: 027H45 0 = ; CH l\T '
RE 8% Solutlon T e,

Stan&ard Test Gon&itlons;

Thls reagent gave a very poor froth in the natural
>7,pulp circuit, only very llttle was farmed,and it was coarse andf‘
‘ﬂbrlttle¢ However, it gave a satisfactory froth in the acid and
‘ valkallne clrcuits.“ | |
2 J The affect of p H of the pulp on thls reagent is |
?very marked ‘ Both acid and alkallne olrcults gave much higher‘
%‘ trecovery than the natural pulp circuit. i
/' ' The solubility of thls reagent is very low, and it
,Was dlffieult to form the solutlon with the ethyl alcohol, o
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; ’ Test No. 42, 45, and 44 ~
j,Reagent J = Carbo chloresteroxy Methyl Pyridlnlum
~ : Ghloride

027345 ks ¢ T GHz, g g’ &
5 97% Solution = 3

- Stan&ard Test conditions

ThlS reagent did not glve a satlsfactory froth

‘in any of the ciroults. In the natural and alkaline clreuits

ynfit was coarse, brlttle and in small quantities, and although‘

‘there was con81derably more froth in the acld cireuit it was
Estill very brlttle. 4 | _ | ,
| In the natural pulp, this reagent exhiblted less

fjcollectlng actlon than the standard oils, but appreciably

o mnre in the aeid and alkaline clrcults, 1ndicat1ng sensitivity

of the reagent te the p H of the pulp. ;

o In the acid clrcuit, a very high nickel assay |

‘7) as obtained (7 057) ThlS would inaioate'a decided pref-
V:erence for pentlandite under the. test oondltlons, s;nce the
;copper assay - (3 15%) was not as hlgh as that obtalned in
 ather tests.,k e | L

| ”his'reagent nas‘tnenlongesn,chainkcomponnd of

the homelogeus serles, . G. and Jy and the least satlsfactory,

o as regards eonditlon of froth.
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. Test No, 48, 49 and 50
Reagent P - :gstearln 4ai hydrogen phosphate

H
017555 ~; OGH’CHOHGH -0 = P\OH
4 06% solution i '

Stand&rd Test Conditions_

In the actd and alkaline 31rcu1ts this solution o

'gave a satlsfaetory froth but in the natural circult the
';froth was very cearse and\brlttle and only of medium quantity;:"
: o In the natural clrcult thls solutlen showed ’
ﬁéeellectlng powers of about the same order as the standard
;oils, but in the others collection was: greatly inereased,g
;espeeially so in the acid clroult. ‘: L

, It was noted in these tests that tha maximum
froth Was notvproduced~until about half the sklmming time
‘ Was over, 1nd10at1ng that a longer conditloning tlme would '

be beneficlal."
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. . Test No 51.
'Reagent Q - Oocstearln ammonium sulphate
e, H .~ C - OGHZGHOH = CHg "' Sl03 = NH4

‘17735 . “ N,
4 06% Solutlen o

Standard Gharge and dilution

S This solutlon gave quite an abunaant froth but it
‘  “  ‘Waé very. uﬁstable and brlttle.y The froth did not indicate
“fany eollecting actien' the bubbles were not mlneralized
‘élsubsequent analysis shoued quite low cellecting action.
o ' ' This solution comparea olosely with salution
;P. test 48, 1n both frething charaoterlstics and oollecting
 action. Both reagents have the same hydrocarbon chain but ?
W‘~; differ in the polar part of the molecule.
| This solutlon was tested only in the natural

",g pulp clrcult.
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M Test No. 52 '
- Reagent R - Myrlstyl Potassium Sulphate

” K
Creflpg = © 5-0
4y 06% Solution

! Standard Test Conditions _

| It was not untll the f@urﬁ1additlon Qf reagent
fthat the maxlmum depth of froth was reaohed. At this polnt
1the froth ccmpared favorably With that Qf the standard olls,'
' both in quantlty and pers1stancy.’ ' T ‘ ;
_ , The collecting propertleﬁ of thls solution also
compare& faverably with those of the standara oils. The
,';reoovery Qf coppw was lower than that obtalned in the naturaln'
f‘pulp test w1th terpineol and just sllghtly higher than wmth

iplne 011‘ :
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S Test No 53.,‘ ‘
 Beagenth - Myristyl Sodlum Sulphate
| = Q = ONa

Ol = 0 = G-oNe

B 4, 06% Solutlon

Standard Test Conditlans

i Thls salution did not glve a aatlsfaetory froth
either 1n quantlty or persistancy. The bubbles appeared to
’be qulte well mineralized, in&icatlng that the solutlon had
 dec1ded oollectlng powers,‘ Thls was borne out by subsequent~k
 analys1s.\ 0 |

. Test NOQ 540 . :
kBeagent,Z“- Myrlstyl ammonlum>8ulphate

~14” 29

Gy, Hog -0 - S 0NH4
: 'o :
: 4 06% Solutian

Standard Test Gondltlons

, ‘ Thls solutlon gave a very poor ﬂnth There was B
:only a. small quantlty and the bubbles Were large and brlttle.
The cellecting propertles of thls solution Were

.~ficf the same erder as those of the standard 01ls.
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}1(5)1 General Dlseussion

It w1ll be noted that in the acid and alkaline

'f;gcireuits, there was a gradual change in P H towards the

'ﬂneutral polnt 1n consecutlve conts.. The amount of acid :

or alkali removed by each conoentrate, and the amount of

| gwater added to bring the: pulp depth baek to the same point
,_would brlng the pH closer to neutrality. | ‘

k : When the a01d was a@ded to the pulp to give an‘

. acld circuit H S gas was given off. Thls would indicate

ythat there was a certaln amount of reaotlon between the acidv
l{and;the sulphldes in the ore, The hlgher recoverles of the ~
tmetals obtalned 1n the acid ¢ircuits Were probably due in
‘fpart to this ohange in the eharacter of the ore."

' Reagents w1th the long hydroearbon chalns,

E noteably reagents I ana g gave a very brittle lr@th. Thls‘
/was probébly due to thelr slight solubllity, and correspond-"
 u1ngly sllght lowerlng of the surfaee ten51on. The polar E
| groups on these reagents were not suffielently soluble to

'tibalance the 1nsolubility of the long hydrocarbon ch&lns.

Reagents Q, S R and.z were tested only in the

"knatural pulp circult, and so can only compare with the other
reagents on that basis. |

| Since there wasn't any collectlng agent added any

’eonoentratlon which is effected w1ll be due to ‘the colleetlng

"‘action of the frether. This is assuming that there 1s no- |

yﬁ'native flotabllity"of the sulphldes, which is allowable,

L e
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n fbeeause tne ‘theory of 'natlve flotabllity' has lost favor
,during recent years. If the frothers used were 'ideal
‘:frothers" the assays of the. concentrates taken off sheuld |
j*be the same ‘as the orlginal hﬁd assay. It is seen that nene
'f‘of the solutlons that were tested fulfllled thls 1deal
?oondltlon, but the eollectlng preperties ef several of them
" ‘oempared favorably with those of the Standard oils, p;ne oil
 fand terplneol.g | .
4 | Tests No. 45 and 46 and 47 were run using

‘reagent I and so dupllcated tests No. 395 40 and 41.

| Acoordlngly'they are omltted fram the records and diseu531ens. 

- smmvnRY
o A stu&y has been made of the frothing powers of
‘jcentaln erganle cempeunas, in natural, aoid and alkaline pulps
?The number of carbon atems in the hydrocarbon chain of the
‘ various eompeunds range from 8 te 27. The polar groups are
;kphosphates, sulphates, pyrldinium and qulnaldlnium derivatives.
’;1;' 1The most satisfaetory froths were ebtaln w1th reagents
‘,F and G., These are members efahemelogeeus series, with 8 and
'12 carbon atoms, respectlvely, in- thelr hydrecarbon ohain.
,Reagent I belongs to the same serles, but 1t gave a very
tbrittle froth ﬁue, doubtlessly, to its lower selubllity.k

‘ In the natural pulp clreult reagent R gave a satlsfaetoryr
nyfroth but reagents S and Z, compounds w1th the same non—nolar :

part but different polar parts, dld not do 80,
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' 5; : A comparlson of tests 52, 53 and 54 showed that reagent
"7,48 possessed the greatestcollecting powers of any of the‘
janalogous reagents, Sy R and Ze ’
| wé,k In an acid clrcult, reagent F exhlblted very marked
~‘cellect1ng powers for the sulphldes. |
‘5Q Wlth all the selutions tested hlgher reeoverles were
 obta1ned in the acid and alkaline clrcuits, than in thee
”natural pulp clrcuit. This indlcates sensitivity of the

e:solution to the PH ef the pulp.

"CONCLUSIGNS |
 13 Reagents c@mposed ef pyrldlnlum chlorlde, and a hydro-
fecarbon chain, w1th carbon atoms up to 12 1n number appear to
“f‘be the-most prem131ng fr@thlng reagents. »
sz;; The parallel actlon of quinaldlnlum and pyrldlnlum ‘
;compounds, in reagents I and 7, indicates that the 1ower |
~<homologues of the qulnaldlnlum,serles should glve satlsfaetory
'ffrothing action. ,' : ‘ 7
:$;, Gompounﬁs w1th more than 16 carbon atoms in the hydrocarbon‘
echaln, de not appear to be. satisfactorJ frothing agents. ’ :
‘4; Polar groups; of pyrldlnlum or qulnaldlnlum derlvaﬁlves
- Qﬁo net appear to be suffielently seluble to counteract the

~ insolubility of hydrocarbon chains with 37 carbon atoms.
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‘Test No: 22

Cone‘ th;iéf ~%  'f"ASsay‘ o  f"Weight, . Percent Rec.
Noe.  £00;¢. W, Cu%v ‘mi% __CuJgms. Wi, gms;,cu% ‘Ni%‘,

1 245 2.4 8.87 5.16 .94 1,25 27.1 10.5
2 25,0 2.5 2.08 2.60 .52 .65  15.0 5.5
3 5L.7 5.2  1:17 3glé,~»fﬁso; : 1.61  17.4 ’15.6 |
4 B4.4 B4 .55 2,16 .19 74 5.4 6.2
5 30:8 3.1 .95 2.24 .20 .69 - 8.5 5.8

- Talls 855 1 855 .11 .85 .92  6.95 26,5 58.4
| IO ; - "“3. 46 ‘ m ‘ '

Test No. 23

Bl.8 3.0 5.34 2.38  1.06 .76 50,0 6.6
87.5 8.3  1.26 5,54 1309 3.07 30,9 26.7
86.4 5.5 .57 2.37 .2l .86 5.7 7.5
‘25.0'~ 2.5 ~ .46 1.84 C L1l .46 3.3 4,0

: f4o 8 3.9 .38 2.00 .15 .82 4.3 7.1
Talls 826.5 79.0 .11 .67 .91 5, 55 25,7 48.1
T04E T =~ 555  IL® =

'Test‘NQg;24

1 33,0 5.2 591 2.20 1.25 .70 - 35.8 5.4
2 2552 © a.6 1.86 2;64; ' ,49‘ ' .53 1g.z*ﬁ 4;0
5 20.1 2.0 1.45 1.45 .20 .28 7.8 2.2
4. 1liz L 1.8 L7 .14 .15 B8 L.z
5 1.0 1.0 1.58 1.z .16 .1 4.3 .8

Tails 912, 0 90,1 15 l.24 _1.37  11.30 = 37.1 86.4
0.6 e 3.70  IZ08 .




- 43 -
el Test No. 25 R S G
Cone. Wt. of % T Essay Weight ~ Percent Rec.
: ,NO. )foGﬁC{ tha 2 Cu%q ; Ni%; Cu. gms Ni gms. Cu%  Wi%

2.3 2.2 2.85 2.98 ,‘.66 .89 17.6 6.6
®8.1  B.7 2,60 3.3 .99 1.27  26.4 3121

1

P 2
4 s L7 e L 0 m a0 2
: H

?f~15 5 15 0 .35 1,01 .05 .15 (L 1,4
Talls 912.8 88,05 .18 .83 1.64  7.58  43.7 72.2
, 163§'§~ - S Ems ,IETEE‘_ ST

Test No 26

101 1.9 1.16 1.88 .22 .36 5.8 3,5
 155§4‘ 13;5; 1.97 la92~"di7é - ;éﬁl#"ff1§@5  5+5
2l 2 179 ,l;szz 39 BB 105 3.0
9.8 1.0 .95 1.4l 09 ?14 2.4 7 L;3

SO G e

8.8 48 7L 1.32 .06 L1 16 1.0

 Talls 982.8 91.7  :256 1.0l  2.38 945 86.0

i
ST

, ka;?estgﬂo,;gyy\f | .
,55;4 | 5‘5¥,yl‘75 1.82 L6 .64 19,1 5.8
,lékﬁﬁ :1:8,>,5;18 »lé85‘ '659,, ;22, ;12¢24 vléé
B e dese . Leh e s ms
94 .9 .87 141 .08 418 2.5 1.l

B S T

 16 avk  1;6 S ;84 1;56 "“202/ : 323 ' }ﬁ | 1;9

Tails 924:7 9L .19 1,14 1,76 10,55 55.5 87.2
1017, BT Iz »
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‘Pest No. 28.

Conc.k‘wﬁlﬂdf % Assay Welght ; Percent Bee.
No',¢ COHO‘ 4W§;“~~Gu% Ni% Cu,gmsw, Ni. IS & cu%  Ni%

1 36.8  Z5 5,51 5,22 1.50  1.20 59.7 9.6
47,4 4.5 1,39 2.02 .66  1.43 20,1 11.4

‘~]10£9‘f 1.0 .36 1.2l .04 (13 1.2 L1

';01 0
i
i
i
'
1
]
1
1
)
!
1

20,0 1.9 .28 .85 06 .17 L8 .1

Tails 940.8 89,2 .13 1.02 1.2z 9.59  B7.2 76.6
55,9 - 3.28 1252 SR

| Test No.(29~~

372 Bi6 5.16 5.44 1,17 - 1.28 34.5. 10. 1
CBL5 Bl 1456 5.88 49 1.2z 14.4 9.6
54,5 5.3 .62 2.64 3¢  1.43 10,0 11.3

| 15,9 1.3 .39 1.18 .05 .16 1.5 1.3
5 10, 8v_~ 1;G  .46 115,05 .z L5 .9

Teils 861.7 83.8 ,;15\‘:;97  1.29  8.45 38.0 66.7
Toz9.2 - B IZ“EE : |

Test No.fﬁo;'

28,5 2.80 1. 87 1.95 55 .55 14.8 a6

‘-25;4~ "2.5' ,2;07‘:1;97',f 453 ;so,; 'ulégé 4;2v
1.8 L.z .99 1.54 .1z .16 5.5 1.5
7;9' 8 .90 1.31 .07 *ﬁlo,' 2.0 ;gi‘

\m O T R R

L 97 .9 .87 l.29 .08 .12 2.2 1.0

Taila 9%6.5 91,9 .24 1.15  2.25 10.48  62.8 87.9
I6I§T§. | i B56 . ILOT gt ~



; Bl

| f‘,‘CQne-‘ WE. of % : ,‘Wéighj’c  Percent Rec.

th?f‘ 

&

- Tails

oo e e

ez
1.9

  l8;9i

14,40
748

‘&59,1

1003.5

- 120.2
‘2176;4 

39,5

5

. Tails
R ‘~2925§6:’

26,0
21.6
12.8

e

.

;950.9'

9.2

L2

1.9

'jla4

 :.?”

85.9

115
16.6

3,28
1.4

2421
.08
.08

23

Test‘Nda@

192
1.77
.95

'i99' 130

1.82 489

24

1;51;’

1.9

.85

.30

' <§09‘

 §l2'

3,18

e

4,38

.20

.06
.f‘ll;SO

115;66

I

1.6
"100‘ 

49,4

2.5

23,2

Qu;gms,vxﬂiﬁgmsi gu% Ni%
| 7045 40.0

2+9
2:5 2.2
1.

6

50;5,

5;2’,

.7 6
o7

4.0

843 3;01
3.3 1.5
2}5'i“9

8.3 .5

5946 90,1

1,8
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Test_No.‘34

Gonc. Wta‘df % Lssay ‘ 3 Weight ; Peroent Rec,
', No‘W wQQn§§::Wt. __Cu% Nid. Cusgms, Ni. gms. Cu% Hi%

1 154.5  15.0 1.77 2.68 2,88 5.65 61,8 37.6
2 '23;0\\ 2.2 1;5l4,2.67 35 .6l l 9.1 ‘6;3
3 14,2 k"1,4  78 1.27 o ,181 2.8 1.9
7;5,?  14{9    1.4 .85“";95 a2 a8 s 1.5
5 8.0 .8 .68 .87 .05 +07 “ 1.5 7

Tailsazg 5 81.2 .10 .60 .84 5,04  21.8 52.4
10330 - 5.8 9.88

Test No. 35

1 280.6 27,2 1.05  3.68 2.88 ﬁflo,3é   82.3 93.0
L2 795 7.7 .24 .67 .10 .58 5.4 4.8
3 489 4 .26 .28 A3 .14 B Ls

4 1592 1.5 .29 .1z .04 .02 1 .z

Talls 600, ng 58,2 .04 .016 .24 10 6.9 .8
| I@Eﬁ?‘,_ ST -y Iz T

| | :Tesf‘,,c., No._ 56 | | |
65.9 6.5 . 2.60 2.67  L.71 176 58.7 147
43.3 4.2 1.10 2,61 .48 1.14 15,1 9.5
21,4 2.1 .59 1.85 .13 aébz‘,' *4.7' 8.5
110 1.1 .78 1.5z .09 W15 2.8 1.3

S R

11.9 1.1 .64 1.38 08 .16 2.5 1.3

. Teilsg879.8 85.1 .08 .95 .70  8.35 21.9  69.8
1033.3 | g L B0I9 1T. §€T o
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7’}" r ‘ Test No. 57

':‘, Gonc. Wt of %7 k Assay , T Weight : Percent Rec.
‘No. _Gone. Wbh. OCu%b Nl%, | Cu, gms. i, gms Cu% Ni%

rfi;;< 211.1 2Ll 1.0l 3.75 "_3,15 7.91  66.2 82.6
2 69.5 6.9 .49 .85 .54 .50 1Ll 6.2
S 12-54f 1@3‘, 45 A»lé .06 02 1.9 8
4 123 L.z .22 .08 .05 .01 .9 .1
'S  ; _:8;Of,.‘ 8 .50 ;.©9~"1 ,04, 01 1.2 .1

Teils 694.6 . 69.4 .09 .15 .62 1.04  19.3 10.9
S BRI B2z 9.58 -

Test No. 38

e ;§5i3' 9.9 121 5.37 1.27 5.65 55§2;,56.5:
la 48 5,";4;3, 7;451:2;47 21 '1 1;15 L 9:1 11,5
’k 66 6 6.2 440 1,40 ,27' ; ~¢95    1.7 9.3
2066 10 .30 467 .06 14 2.6 1.4
2204 21 0 .2 .09 4 B9 1.4

;mf‘pr"m o

,;14 57 13 57 .24 08 403 3.5 .5

Tails 791.3  72.5 .04 .25 B2 1,97 15.9 19.7
‘Toe.s 77 m®6 §ow

Test No.gsg

1.4 L .45 1.05 .05 W12 2.4 1.3

7.8 47 2,51 1.08 A8 .08 8.6 48

1
2

5 111234 L.z 2.52 “1;52, 'fésl i .;16 | 14,7 1.7
4 "é~2 8 1.49 110 12 C 09 B L9
5 4, 1‘7“4;0 287 “1512  ~;09 Q;OS’ 4.5 .5

Taila 969 8 960 14 .92 1.36 ,8;92 . 64.8 94,6
: I l : ’ : S 2.11 7 9042 . ‘ .
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ol Test No, 40 ‘ S
Conec.,. Wt.of % Assay 7 Welght Percent Rec.
‘4Nog;,,00nc.:m;th,4: Cu% A Ni%'ﬁ Cu.gms,  Ni.gms, Cu%  Ni%h

f'}i[;*'<85§6, 8.4 .02 4.85  1.66 . 4.08  63:3 48.7

 _J2 - 55;5 15;7" ,345 Lims a6 "1;62 e ;6;1‘;1§;6
fa 204 .32 2,50 .08 .62 Bl 7.5

' ‘4‘ : :9;8' 1.0 ;;49 ;77 05  ;08, 1.9 ,9
5 w7 .59 .46 .05 .04 1.9 .4

R Talls 859 5 : 83;7 ;07:’~?22;;  @62H,k ;1&89 ’;2567 B3ih

Test No. 41

1 114.1 11,0 1.45 6.03  1.63  6.88  6Lil 69,6
la 93,0 8.9 .52 2.2l .48 2,056 18,0 20,7
B4 BB .34 1,01 W1z BB 45 Bi5

32:7 Bl .22 .22 .07 W07 2.6 7

en: &-AWQ~N;W

18,5 1.5 .28 .18 .04 02 L5 .2

Talls 737,01  70.8 .04 .06 .29 .43 10,9 4.5
- 1040.9 9‘ e - B87  9.89 | '

‘Test No. 42 S
;14,5 1.4k‘ 2;557'1;99 ,k B4 428 L‘ l2a8’ 209
, 'lﬁgc»ﬁ l{é  L.oz "1;52  i35 i',gg : }15.2 f 3.1
1040 ';;o 1.2 1.6l 'A;l&;” 16 5.5 1.7
5:5 ,5{5'"  :534‘1;;8"‘ .02 06 ;é’ ~~f;5

o O

| 10 7 1.0 W57 .97 L08 L1000 2.5 Ll

Talls 970.1 94.5 18 .89 174  8.62  65.7 90.6
1523»61 . 385 9,57 o

16:0 15 :26 54 404 .09 LB .9



3 2 Test No, 43

Gones Wt. of %  Assay "’; Welght ~ Percent Rec.
f gNo. ,: Cone. . Wt . .Cu% Ni% ___ Cu.gms. Ni. gus., Cu%b Ni%,

1 30.2 . 3.0 4.8 B.22  1.36 .97 45.7 11,6
5 !26;5~«‘ 2.6 .78 3,97 .21  1.04 7.6 1244
5 90 L L9 79 ;3;6‘4; o7 .24 | 2.5 2.8
4 10 1 .48 .90 . 05 .10 1.8 Lz
5 "r?14 5 1.4 .46 .65 .07 09 2,5 L.

Tails 914i4  91.4 .12 .65 1.0 5,95 39,9 70,9
1005.2 e 276 8.7 L

; . | Test No. 4t S ,
813 2,9 815 7.05 .99 2:20  32.4 22.8
1V4§§a ' 4@9 1479 '4;08 | 989 | é.gs ~J29;i 21.1
48.4 41 1,81 1.67 aB7 e 18.6 7.5
15,8  .¢55"f‘é54 | 564] g; .077 , ;99 | '2§3~‘ «9

14,5 1.4 w62 435 .09 .05 258 .5

Tailsrg%9¥% 85,5 .05 450 .45 455 14,6 472
06249 e . BO0§ 9.8% 5 =

2903 29 .76 li2a .22 .86 84 5.8
' 4i?9, 4»2 - 1:82 1.83 .76 o 29.1 8.1
29.2 2.9 .68 .95 .20 .21 77 29
340 B4 a8 o7 .18 85 6.1 B.5

240 2.4 3L .81 w07 A9 2.7 2.0

Tailsk856;7‘ 84i5 .14 .88 1i20  7.54  46,0° 79.7
T015.1 e : 378 9.46 '




Test Noo 49

Conec Wt.:of % Assay ' Weight Percent Rec.
No. Conc Wt., Cuk Ni%  Cu.gmws. WNi.gms. Cu%  Ni%
1 84.4 8.4 2.17 5.45 1.85  4.60 71.0  49.0
2 55,5 5.5 31 2.74 .17 1.46 6.6  15.5
5 27.5 2.7 .5 1.32 .07 B 2.7 5.8
4 1.7 1.2 N L .04 .05 1.6 .5
5  2l.1 0 2.1 .30 .32 .06 07 2.5 7

Tails818.2 80.7 .05 .35 .41 £2.86  15.9 50;4

1016.9 , . R.58 2.40

‘Test No. 50

1 188.1 19.1 1.15 4.69 2.94  9.30 85.3 03.8
2 85.8 2.5 .z4 .55 .06 14 2.2 1.4
5 25,0 2.2 .15 .18 .03 04 1.1 .4
4 228 2.3 .16 .12 .04 .03 1.5 .3
5 21.8 2.1 .20 IR .04 05 1.5 5
Tails?746.5 71.8 .05 .05 .28 7 8.4 B.7
1028.0 | 2.6 9.01
Test No. 21 ‘
‘1 29.9 5.0 1.61 1.3% 48 .40 17.1 4.9
2 85.9 5.5 1.57 1.2 .56 .44 20.0 5.5
5 3l.4 6.1 .51 .94 .16 .29 5.7 B.S
4 185 1.8 .29 .9l 05 .17 1.8 2.1
5 20.8 .1 .28 .89 .06 19 2l =B
Tails875.1  86.6 .17 .77 1.49 6.74 53.2  61.9

1001.4 | | » 2.80 8.2%
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Test No. 52

Conc. Wt. of % Assay Weight - . Percent Rec.

No. Conc. Wt. _ Cuk - Ni% - Cu.gms. Ni.gms, Cu% Ni%
1 £1.8 2.1 2.39 £.0% 52 | 44 ol 4.9
2 15.6 1.5 z.70 1.91 42 .80 7.9 5.3
3 11.4 1.1 1.51 1.72 17 .20 7.2 2.8
4 12.5  1.% 65 1.17 .06 .14 3.4 1.5
5 . 1.5 1.2 .15 .86 .02 L1L 8 1.2
Tails 949.7 92.6 .12 .85 1.14 g;gz 48.6 86.8
1023.5 2.35 9.06
Test No. 5%
1 14.4 1.4  5.35 3.20 Rl 46 2.0 5.1
2 20.4 2.0  2.69 4.49 .55 2% 22.8  10.%
. 21.4 2.1 .58 2.50 1z .54 5.0 6.0
4 15.4 1.5 .63 1,99 .10 AL 4.1 5.4
5 10.% 1.0 B5 1.03 .04 11 1.7 1.2
Tails 920.8  92.1 09 L7 .83 . 6.68 34.4 74,1
100%.6 , | 2.41 9.02
Test No. 54
1 £5.0 2,5 5.36 2.58 .84 .65 53.0 7.4
2 12.4 1.9 1.48 £.10 .29 .41 11.4 4.6
3 50.8 5.1 .39 l.2E .12 .38 4.7 4., 3
4. 21.6 2.1 B35 .1 .07 .20 2.8 2.3
5 18;5 1.8 27 .78 .05 .14 2.0 1.6
Tails_898.%  88.6 13 .79 1.17 7.09 46,1 79.9

1013.86 '  B.b4 8,87
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Conc. Cumulative Recover@esﬁugeew%% Froth  p.H. HoS0.N20H
No. Wt.% Cu%b Ni% Reagent Condition e
1 2.4 27.1 10.5 car 4e 6.5

2 4.9 4Z.1  16.0 .34 dc 7.66
5 10.1  59.5  £9.6 5 dbe 7.8
4 1.5  64.9  35.8 .68 4be | 7.12
5 16.6  7é.4 41,6 .85 4b .69

Test No. 23

1 3.0  30.0 6.6 a7 6¢ 7.7
2 11.2  60.2 33,3 34 6c 7.0
3 - 14.8 66.6  40.8 .51 6c 7.5
4 7.3  69.9  44.8 .68 6bc 7.5
5 21.2  74.2 51.8 .85 6be 7.6

Test No. 24

1 3.8 55.8 5.4 .08 6b 7.08
2 5.8 47.0° 9.4 058 Tbe 7.0

B 7.8 54.8 11.6  .084 Toc 7.0

4 8.9 58.6 12.8 .112 e 7.3
5 .8 82.9  1s.6 .140 b 7.75

Test No. £5

1 2.2 1%.6 6.6 .028 5be 5.84 50
2 5. 44.0  18.7 .056 7o 5.30

3 8.7 52,3  24.1 084 7o 5.2
4 16.4 B5.0  26.4 J112 7e 4,65
5 11.2 56.3 - £7.8 .140 e 4.65
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No. 86

: : Test
Non MR tag W% nemsent’  Coverpion DrHr H2S04 MeoH
gImS . J lsiec
1 1.9 5.8 5.3 .08 5b 7.96 67
o 5.4 24.3 8.9 .056 7b 7.94
3 7.5 34,6 11.9 .084 7o 7.6
4 8.5 37.C 13.2 112 7be 7045
5 9.5 38.6 14.2 140 7be 7,45
Test No. 27
1 3.5 13.1 5.3 .028 7 796
2 4.7 31,3 7.1 .056 7ab 7.57
5 6.6 41.1 9.6  .084 7o 7.46
4 7.5 47,6 10.7 L1182 7o 7,40
5 9.1 44.2 1£.6 .140 7o 7.44
Test No. 28
1 5.5 50.7 9.6 .0%8 5b 5.59 50
2 8.0 59.8 21.0 .056 b 4.41
Z e e e e e e e e e i e e ot e e
4 9.0 61.0 £2.0 .112 6 4,54
5 10.9 . 62.8 23.0 .140 8be 4.34
Test No., 29
1 5.8 24,5 10.1 .08 Gab 9.92 1.11
2 8.7 48.9 19.7 .056 7o 9.57
3 12.0 58.9 31.0 .084 7o 9.10
4 1%.5  60.4 32.3 112 7o 8.5
5 14.4 61.9 33.2 .140 7o 8.41
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Test No, 30

Conc, Cumulative Kecovery Cum. Wt. Froth pH. Hy804 Ha=0H
No.  Wt% Cu%  Ni% Reagent Condition ~ gus.
gms, 132 CL.

1 2.8  14.8 4.8 .05 Sbc  7.56

2 5.5  29.6 8.8 .078 Bab  7.20

3 6.5 32,9 10.1 .17 4b 7.30

4 7.5 34.9 10.9 156 ~ Bab  7.27

5 8.2 7.1 11.9 .195 zab 7.44

Test No. 31

1 9.2  70.540.0  .039  5ab  10.5% .89
5 10.4  75.0 41.8  .078 Bab  9.40
3 12,5 75.5 44,0 .117 T R
4 13.7  77.1 45.5 56 4ab B.7E
5 14.4  78.1 45.9 195 sab  8.58
. Test No. 32
1 - 11.5  49.4 50.5 .059; la  1.76 50
5 27.9 78.9588.7 .078 4p 1.99
5 31.6  82.19%.0  .117 &b 2.20
4 4.1 84,6 94,7 156 b 2.20
&  35.1  85.% 95.3  .196  4b  2.09 25
Test No. &5
1 2.5 25.2 4.0 .012 T 7.09
2 4.6 31.5 7.0 084 7c .28
3 5.8  34.8 8.5 056 e 7.40
4 6.7  B7.3 9.4 .048 8c 7.5
10.6 9.9 . 060 6c 7.5

(1
e
N
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Test No. 54

81l.8

8922

Cpnc- Cgmglatévg Recgygry Cum. Wt. Frotn p.H. HZSO4 NaQH
No. Wt Cub Ni% Reagent Cgndition l:gcc. gms.
gms . :
7 13.0 61.8 &7.6 .01 7b 11.0 o0 1.1
o 15.2 70.9 43.9 024 6b 9.84
3 16.6 73.7  45.8  .036 &b 9.20
4 18.0 76.8  47.1 .048 6b 8.75
5 18.8 78.1  47.8 -, 080 5b 8.79-
Test No. &b
1 £7.2 82.3  93.0 .012 7ab 1.6 50
2 34.9 87.7 97.8 .024 he 2.8
% 59.6 91.4 99.1 ,036 7be 2.7
4 41.1 92.5  99.3 .048 7c .65
5 41.6 93.1 99.4 060 6c 4,15
| Test No. 36
1 6.5 53.7 14.7 L0115 7du - 7.30
2 10.7 68.1  24.2 . 0230 7du .55
3 12.8 72.8 £7.5 . 0345 7cu .55
4 13.9 75.6 2£8.8 . 0460 7becu .52
5 15.0 78.1  30.1 .0575 rau 7.69
| Test No. 37
1 21.1  66.2 B82.6 L0115 4by 12.8 2.8
2 28.0 77.3 88.8 0250 7cu 12.37
5 29.5  79.2 89.0 L0345 2bu 10.53
4 2%0.5 80.1 89.1 . 0460 3bu 9485
5 31.2 L0575 2abu 9.54
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Test No, 38

Conc. Cumulative Hecovery  Cum. Wt. Froth p.H. H;50, Nell

“No. Wt% cu%b Ni% "Reagent Condition = gms,
: : £ms ., ‘ L cc.

1 9.9 DH.R 296.5 - L0115 ccu &L,0694 50

la 14.2  64.3 7.8 o 4,46

2 0.4 76,0 7.1 . D30 ccu 4,50

3 BE O 78.6 78.5 , 0845 Bab 4,70

4 24.4 82.5  79.9: L0480 7ab 478

5 2D.17 86,0

80.2 L0575 7bc . 4.70

Test No. 39

1 1.1, 2.4 1.3 .009 2bx  6.85
2 1.8 11.0 2.1 .018 2bx 7.8
3 3.0  £5.7 5.8 .07 Zbx 7.92
4 3.8 31:4 4.8 036 2bx 8.18
5 7.8 85,7 5.3 . 045 2bx 7.86

1 8.4 63.5  48.7 .009 Babx  12.3 2.82
2 12.1 6244 68.2 L0183 7bu  11.2

z  14.5 7£.5 175.8 027 6bx  10.5

4 15.5 74.4 76,7  .036 6cu 9.91

5 16.8  76.5  77.1 045 6bcu  8.52

Test No, 41

1 ©11.0  61.1  69.6 .009 seu 2.32 50
2a  19.9 79.1  90.3 2.64

2 83,2 83.6 93.8 .018 6cu 5.0

3 24,7 85,1 94.7 .087 écu 3.85

4 27.8 < 87.7 9b5.4 .036 7cu 4.32

b 89.2 95.6 . 045 i 6gcu 4,55

29.1


http://kL.1T

- 56 -
Test No. 42

Conc. Cumulative Recovery Cum. Wt. Froth b.H. H,50,Na0H
“No., Wt% Cu% Ni% Reagent  Condition ~ Tgms.
’ gms ., 1:2 cc.

.l 104: 12:.8 2. B 0006 53}5 7.4‘2

2 S =6.0 6.0 L 01R sax 7.5

& 4.2 31.3 7.7 .018 dax 7.5

4 4,7 S« 8.5 024 58X 7.33

5 o7 54,3 9.4 . 030 dax 7.22

Test No. 43

45.7 11.6 . 006 bax 10.87 2o

1 560 29
2 5.6 53.3 24,0  .012  dax 10,17
3 6.5 55.8  26.8 .018 dax 9.7
4 7.6 57.6  28.0 .024 4a% 9.4
5 9.0 60.1  29.1 .0%0 4ax 9.55

‘ @est No. 44

1 2.9 32.4  22.8 .006 Tox
2 7.6 61.5  43.9 .012 6bx
5  11.7 80.1  5l.4 .018 6bx
4 13,0 82,4 - 5.3 .024 6bx
5 14.4 85.3  52.8 020 6bx

Test No., 48

1 2.9 8.4 3.8 .004 Ba  7.25
2 7.1 7.5 11,9 .008 dax 7.6
3 10.0  45.2 14.8 012 dax  7.26
4 13.4  51.3 18.3 .016 Babx 7.35
5 15.8 54,0  20.3 .020 5abx 7.80



o~ 57 -

V Test No. 49 ‘
Conc. Cumulative Recovery Cum. Wt. Froth p.H. H,50, NaOH
No. Wt % Cu% Ni% Reagent Condition wo gms.
gHs , Z. CCe
1 8.4 71.0  43.0 .004 Bax 9.85 2.28
2  13.7 77.6  64.5 .008 6D 9.63
5 16.4 80.5  68.3 ,0012 6b 9.453
4 17.8 8l.9 68.8 .016 6D 9.17
5 19.7 84.2 69.5 020 6D 9.0
Test No. 50
1 19.1 85.3 93.8 .004 7du 3.16 50
2  21.6 87.6 95,2 .008 6dx  3.18
5 23.8 88.7 95.6 .012 Bau  3.22
4 26.0 90.2 - 95. 018 6dx  3.27
5 £28.1  91.7 96.2 .020 6dx  3.27
- Test Né. 51
1 3.0 17.1 4.9 - .004 dax  6.31
2 6.5 &7.1 10.2 .008 bax  7.01
5 9.6 42.8 15.7 012 5ax  7.08
4 11.4 42.6 15.8 .016 bax  7.27
5 13,5 46,7 18.1 .020 Sax = 7.36
Test No. 52
1 2.1 82.1 4.9 .005 Babx  8.65
2 3.6 40.0 8.2 .010 Zax 8,60
3 4.7 47.2  10.3 015 bau  8.54
4 5.9 50.6 11.8 .020 7au 8.40
5 ‘7.1 51.4 13.0 .025 7ou 8.36
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20 ' Test No, bd ‘ ;
‘k;Conc. Cumulatlve _Recovery ~ Cum. Wt. " Froth  p.H. H,80, NaOH
';JNQ.;~ Wt% v Cum ‘ Niﬁ Reagent COndltlon R 2 gms.
o : : ZWS, SRS R 1AL o 2

32,0 5.1 . .005 ﬁsz; - 8.67

VIR
4 o
: L 3N k

TR

54,8 15.5 .00  gZbx 867

N I

4

.5 59.8 21.3 015 Babx  8.38
0  65.9 24.7 . .080  '  sex  8.25
: .

15) TR
@ =T .o

. 65.6 25.9 .05 Bax  7.87

TestvNo;'54'

N
&3
®

s
B

' :
O

7.4 .006  Bax = 7.85

4.4

2.0 .010  Bax  7.85

7.5 49.1 16.3  .015  Rax  7.95

™

. 9.6 B5l.9 18.6 .020  Bax  7.97

5 11.4 5%.9 20.2  .025  4bx  7.97

Condltlon 01 Froth ;"

;‘gDepth of-Froth A o ;" Slze of Bubble

, - a - 3/8" or “over
S b -3/8-1/8"

|
s
!

v NN o D ENIEIE O 1 SERET SN N
‘,
T TR SRS ‘
.
l_J
N
=
9
&
[0)
=

C - 1/8 = 1-}/]_6"’/‘;“

d — very fine

A
oo

f~“_f21mf— overflowing.

L Stength andg’ lastxng power of bubble.

T - Tough - lasts till pan is put in oven.
U - Lasts tllL,dll froth reaches pan

X o= Brlttle ~ bursts while overflow1ng
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