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1. 1187R1C7 

This thesis explores the potentlal for (1) collectorless 

flotatlon and (2) the use of nitrogen ln coaplex sulphlde 

flotation. Several ores fro. the Canadlan Shield ara ua.d. 

Varlous responses ta collectorless flotation are observed. 

Chalcopyrlte can float vlthout cOllector, particularly ln ores 

fro. Hattabi Hines. Galena fro. Hattabl ores alao floats though 

more slovly than chalcopyrite. Galena f~otatlon ls attributed to 

surface oxidation while the mechanis. for chalcopyrite 

collectorless flotation ls not fully underatood. A procasa la 

propoaed that includes collectorleas flotation and aay lead to 

i.proved copper,lead separabillty. No collectorless flotatJon of 

pyrite and zinc-bearlng alnerala 1. observed. 

Nitrogen, used as the carrier gas, proaotes pyrlte flotatlon ln 

.11 ores tested. Thls la used to selectively remove pyrite after 

bulk flotation and before zlnc flotatlon. Soae zlnc-bearing 

.inerals report ta the pyrite concentrate. Pyrite floated in 

nltrogen can, hoveyer, be depressed agaln ln alr enabling the 

zinc to be selectlvely float~d after copper activation. The 

proposed process i.proyea zinc rougher concentrate grades by up 

to 50\ at siallar recoy.ries. This ia attrlbuted ta an overall 

reductlon in the exposure of pyrite to collector and c~pp.r 

sulphate. The flotat1c of pyrite in nitrogen ia linked ta the 

re.oval of dlasolyed oxygene It la sugg.sted that thl ••• y black 

a galvanlc interaction between pyrite and sphalerite vhlch in an 

oxygenated env1ronaent depreases pyrite. 
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II. RI8UMB 

Cette thèse examine le potent ie 1 de la flottation sans collecteur 

et de l'utilisation de l'azote pour la flottation des sulfures 

complexes. On utilise plusieurs ainerals du Bouclier Canadien. 

La flottation sans collecteur donne des résultats gui dépendent 

beaucoup du minéral flotté. La chalcopyrite flotte parfois sans 

collecteur, surtout avec échantillons provenant des mines 

Mattabi. La qalène des mines Hattabi flotte éqaleaent sans 

collecteur, quoique pl us lentement que la chalcopyr 1 te. On 

attribue la flottation de la galène a son oxydation en surface; 

on ne peut toutefois pas proposer d'explication satisfaisante 

pour la flottation de la chalcopyrite sans :ollecteur. Nous 

prosposons un schéma de traitement qui fait appel à la flottation 

sans collecteur,et qui pourrait améliorer la séparation de la 

chalcopyr i te et de la galène. On n'a pas pu flotter sans 

collecteur la pyrite ou les minéraux zincifères. 

L'azote, lorsqu'utilisé comme qaz t-ransporteur, favorise la 

flottation de la pyrite pour tous les minéral! étudiés. Cette 

technique permet l'extraction de la pyrite, après la flottation 

de la chalcopyrite et de la galène, mais avant celle du zinc. 

Une fraction des minéraux zincifères se retrouve dans le 

concentré de pyrite. Cette pyrite, flottée avec l'azote, peut 

toutefois etre déprlmeé avec l'air, pour aInsi flotter le zinc 

sélec:tivement après activation au sulfate de cuivre. 
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Ce procédé permet d'obtenir des concentrés de dégrossissage dont 

la teneur est de 50\ plus élevée, à récupération équivalente. On 

explique cette aaélioration par une réduction du contact entre la 

pyrite, d'une part, et le collecteur et le sulfate de cuivre, 

d'autre part. La flottation de la pyrite par l'azote est liée a 

l'élimination de l'oxygène dissout dans la pulpe, ce qui, 

croyons-nous, empêche l'interaction galvanique (entre la pyrite 

et la sphalérite' qui déprime la pyrite, en présence d'oxygène. 
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1. INTRODUCTION 

1.1 BACKGROUND AND THESIS OBJECTIVBS. 

Froth flotation has been used to concentrate sulphide minerals 

for 80 years and organic-based collectors such as xanthates have 

been used since 1925 (26,27,96). 

The floatability of a sulphide mineral is dependent on the 

hydrophobicity of Its surface. A fev sulphide mlnerals such as 

molybdenite are naturally hydrophobie because of their specifie 

lattice structures, and vill float vithout any pre-treatment This 

is usually referred to as natural floatability (26). Other 

sulphide minerals exhibit self-induced floatability - they can be 

rendered hydrophobie by some form of pre-treatment (22,25-

6,36,96,107-8). Host sulphides, hovever, need to adsorb a 

collector onto the mineral surface before they become 

hydrophobie. Electro-chemical mechanisms are belleved responsible 

for the interaction betveen collector and mineral, and electro­

chemical control aay be the useful means of controlling mineral­

collector interactions. 

This thesis aSBesses the possible application of collectorless 

flotation tovards achleving selective flotation of minerals from 

sorne Canadian Shleld ores. Uslng the Bame ores, the thesls then 

considers the ability of nitrogen gas to alter the electro­

cheaical propertles of the pulp, and thuB mineral-collector 

interactions. 

1 
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1.1.1 Collectorl ••• (.elf-induced) flot.tion 

In the last 30 years considerable proqress has been made tovard 

developlng an understandlnq of self-lnduced flotatlon (102) 

Researchers, hovever, have generally used pure minerals and 

perhaps for thls reason It has found little commercial 

application. One of the objects of this thesis is to assess the 

potential for collectorl~ss flotation of a number of ores from 

the Canadian Shield. 

1.1.2 Nitrogen floLation 

In 1953, Salamy and Nixon(87) proposed an electrochemical theory 

of flotation and thls theory has become increasinqly accepted as 

more is learned about mineral-collector interactions (105). One 

of the consequences, as descrlbed by Woods(105) ls the importance 

of pulp potential ln mineral-collector interaction. Recently 

vorkers have attempted to use pulp potent!al to develop nev 

approaches to achieve and control selective flotation 

(30,32,34,81-2,103). Because of nltroqen's chemical Inertness, 

flotation in nitrogen could be a particularly elegant means of 

adjustln9 the pulp potent!al. Nltrogen has already found 

significant use on copper/molybdenum separation (13,73) but has 

not yet fo~nd any other commercial use. The effect of nitrogen on 

the flotation of complex sulphide ores of the Canadian Shield 

vill be asses3ed in this thesls. 

2 
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1.2 87RUC~URB qr 7HB 7H8818. 

Thla theala lncludea liter.ture revieva of collectorle •• 

flotation and the role of pulp potent1.1 and dl.solv.d oxygen ln 

flot.tion. This ia folloved by • description of the operating 

practice of the thr.e plants from vhich ore vas sa_pled for the 

te.tvork. A reviev of th. curr.nt use of nitrogen .nd g •••• other 

than air in flotation 1s included, together vith a section on the 

.upply 0 ana ava1lable for n1trogen production. 

The test procedures for aIl three ores are outl1ned in •• ct1on 

three. The results section, section four, is .ub-divided into the 

testvork on each ind1vidual ore. Further sub-divisions describe 

aspects of collectorle~s flotaticn and nitrogen flotation. 

ln sect10n 5, 

vhich include 

the results are d1scussed and processes proposed 

collectorless flotation and pyrite flotation ln 

nitrogen. Vith nuaerous aechan1sas already avallable to explain 

collectorless flotation, no nev mechanis. i. propos.d in th1. 

thes1s. The promot1on of pyrite flotatlon v1th n1trogen Is 

explained by ell.ination of a galvanic interaction betveen pyrite 

and sphalerite, vh1ch in the presence of oxygen serves to depr •• s 

pyrIte. An econoaic anaiyais of the uae of nltrogen la Included. 

Sections 6 and 7 su._arise the concluslons dravn and suggest 

dlrectlon. for future york. Follovlng the liat of referencea, the 

appendices d.tail the resulta froa the tests r.port.d ln the 

the.i •• 
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2. OBNIRAL RIVIB. or BACKGROUND TO TH. PROJICT. 

2.1 RSVIS. or RBSBARCH INTO COLLBCTORLISS PLOTATION AND THI us. 

OP NITROOlN 

2.1.1 Collectorless flotation. 

Some of the earlie~t processes developed in flotation used the 

collectorless hydrophoblcity of minerals. Work on Broken Hill ore 

in Austral1a, as described by Louis (57), used carbonic acid ta 

affect self-induced flotatlon of sphalerite and collectorless 

flotation of galena was occasionally used up to 1920. 

Vith the development of xanthates, collectorless flotation of 

sulphide minerôls became largely forgotten. Effective 

collectorless flotation vas consldered limited to realgar, 

orpiment and molybdenite. Gaudin (26) explains these exceptions 

through their crystal lattice structure. However Sutherland and 

Vark (96) questioned this in 1955, by noting that galena vould 

occasionally respond to collectorless flotation, and ln doinq so 

sparked a controversy that is still 9ain1ng momentum 30 years 

later. They summarized work by numerous authors who had aIl found 

that galena could floa~ without collector, but could not agree on 

the mechanism and particularly whether the surface needed to be 

clean or oxidised. In 1960, Rey and Formanek (80) found that 

sphalerite vould float vithout a collector if ground in a ceramic 

mill More recently, Kocabag and Smith (49) confiraed th!. 

observation, making an in-depth study of the effect of grinding 

media in flotalion • 

4 

, ~; .: ... ,.. ~. ;..~. ~,. 



c 

Since then .oat of the vork on collectorle.. flot.tion h •• 

concentrated on chalcopyrite. Plaksln (69) u.ed chalcopyrite to 

shov that hydrophobicity of sulphlde alnerals vas possible 

through exposure to air. Lepetlc's vork (55), ln 1974, shoved 

that chalcopyrite can be floated vlthout collector folloving dry 

grlndlng, achievlng superior grades and recoverles th_n through 

the conventlonal route of vet milling and collection. Both 

explalned thelr observations by suggestlng that the mlneral 

surface vas adsorblnq molecular oxygen, leading to a de-hydrated 

and hence hydrophobic surface in flotation. 

An exhaustive study of collectorle •• flotatlon vas performed by 

Pinkelatein and co-vorkera(22) ln 1975. They checked the 

collectarle.s floatabillty of a vide range of ores flndlng soae 

chalcopyrites, pyrites, qalenas, stibnltes and all copper­

actlvated sphalerltes vere floatable vlthout collectors. 

While that vork probably convlnced .ost researchers that 

effective collectorless flotation vas possible, the responslble 

mechanism has becoae an object of Increased interest and often 

considerable dlsaqreement over the past ten years. The 

controversy vas Intenslfied vhen Heyes and Trahar (36) identlfied 

ln 1977 that collectorless flotation vas only pos~ible under 

oxldlslng conditions, and Yoon (107) found, 4 years later, that 

chalcopyrite vould float naturally following addition of a 

reduclng ag~nt, sodium sulphide. 

While an Incre.sing aaount of evidence see.s to endor.e Hey ••• nd 

Trahar's approach (102) that oxldlslng conditions are requlred 

5 



~ the exact ro1e of oxidation/reduetlon ln e011eetorl~.. flot.tion 

1 •• tl1l an open question. 

Pinke1stein and Woods agree vith Heyes and Trahar (12,22,25). But 

vhile agreeeing that oxldlsing conditions are necessary for 

formation of a hydrophobic surface on the chalcopyrite there vas 

disagreement about the specifie product of oxidation that imparts 

this f10atability. Finke1stein's vork (22) eonc1ud.~ that 

elemental sulphur played no role in collectorless flotation. 

Gardner and Woods (25), hovever, proposed an oxidatlon reactlon 

to explain the collectorless flotation of chalcopyrite, that 

Inc1uded the formation of elemental su1phur: 

Later, Woods and Buckley (12), using X-ray Photoeleetron 

Spectroscopy failed to Identify elemental sulphur on the 

chalcopyrite surface concluding that the oxldation product vas 

some form of copper poly-sulphlde. Trahar (99) in 1983 remained 

consistent vith the llne of thinking that oxldation of the 

chalcopyrite surface vas needed to render the mineral surface 

naturally floatable, though he made no conclusions as to the 

aetual species responsible for this hydrophobiclty. 

Yoon's (107-8) observations in 1981 that adding sodium sulphide, 

a reduclng agent, to the grind rendered both chalcopyrite and 

copper-actlvated sphalerlte floatable, vas ln contra.t to the 

other investlgators. His vork, on Kldd Creek ore amongst others, 

Identifled that if sodium sulphlde vas added t~ the aill, the 
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resultant grade/recovery relatlonship fro. collectorless 

flotation of chalcopyr.ite and sphalerite vas si.ilar to that 

using collectors. He suggested that sodium sulphide helped 

dissolve superficial oxidation products leaving a clean particle 

surface. 

More recent york by Luttrell and Yoon (58-9) illustrated again 

the advantage of uslng sodium sulphide in collectorless flotation 

of chalcopyrite. They concluded that freshly ground chalcopyrite 

vould not float naturally under reducing conditions and that 

oxidised chalcopyrite vould also not float naturally. 

Cha lcopyr i te, hovever, treated vith sodium sulphide under 

oxidising conditions vould float naturally. 

In 1984, Heyes and Trahar (37) concluded that py~ite could also 

be floated folloving oxidation and treatment vlth sodi um 

sulphide. They concluded that sodium sulphide causes sulphur to 

form on the pyrite surface and this sulphur ls responsible for 

the mineraIs hydrophobicity and natural flotation 

character istics. 

Only a thin sulphur layer can, hovever, be formed on 

chalcopyrite because of the relative instability of elemental 

sulphur at common flotation potentials. This indicates that 

ele.ental sulphur formation is not the mechanism behind natural 

flotation of chalcopyritE. Nevertheless, Walker and co-vorkers 

(102) observed that chalcopyrite could be made floatable by 

electrodeposition of sulphur at potentials vell belov those 

permltting the oxidatlun of the mineraI. In short, the rnechanis. 
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o behlnd the co1lecto~less flotation of chalcopyrite 

unc1ear (102). 

remains 

The cont~astln9 theo~ies behind the co11ector1ess flotation of 

chalcopyrite may Illustrate the problem of trying to explain it 

on a pure minera1 basis. Mineraloglcal texts descrlbe that 

chalcopy~ite can contain any of eleven elements ~eplacing the 

Iron, coppe~ and sulphu~ (16). Furthermore the 

coppe~:i~on:sulphur ratio can vary (one single specimen gave 

copper contents varying from 25.8\ to 30.7\), and measu",:ement of 

X-ray Absorption edges have shown that the copper can exlst ln 
-
the +1 or the +2 states, the iron then existing in the +3 and the 

+2 states respectlvely. Analysis through cryoscoplc and 

electrolytlc methods .ave also shown that both metals can be 

divalent (16,63,74). Such variations in the mineral must lead to 

diffe~ent reactions and different reactlon mechanisms. 

The mechanlsm behind the collectorless flotation of pyrite and 

galena seems to be more clearly understood. Rao and Finch (77) 

showed that, followlng sufflclent oxldatlon, pyrite f~oll 

Brunswick Hining ore can float without collector, albelt weakly, 

and this could be used to Improve subsequent zinc-pyrite 

select!vlty. Voltammetric data suggests the initial product from 

oxidatlon of the py~ite and galena su~faces, is the pOlysulphlde 

ion, though as further oxidation occu~s elemental sulphu~ forms 

on the su~face (37~. The actual specles present on the .ineral 

surface Is probably ~elated to the degree of oxidation and the 

tp' relative kinetlcs of the reactions involved, but with sufflclent 

oxldatlon a ~elatively thlck sulphur layer can be formed on the 
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lurfaces of pyrite and qalena. 

Thil li part1cularly relevant as Walker and Richardson (102) 

observed that the hydrophob1c1ty of the mineral surface 1s 

related to the thiekness of the elemental sulphur formed on the 

surface. Such cond1t10ns seem to have oeeurred on a nu.ber of the 

pyrite-rich gold tallings dumps in South Africa vhlch often 

respond readlly to collectorle~z flotation (67). 

While researchers do seem to agree on a mechanism behlnd the 

collectorless flotation of pyr1te and galena, var1at10ns for 

mineralogieal reasons are still possible (galena, for instance 

can have a eutect1e intergrovth of up to JO, 1ron 

sulphide(16». 

This thesis vill check the effect of collectorless flotation on 

some Canadian ores, and viII h1ghlight the variat10ns ln response 

to collectorless flotatlon possible in some similar pyritle 

ores of the Canad1an Sh1eld. 



o 2.1.2 ROLl rOR NITROGIM: THI BLBCTROCHIMICAL THIORY OP rLOTATION. 

The use of nitrogen in flotation vas conceived as a loglcal 

progression fro. the electrochemical-based theory developed over 

the last thirty years to explain mineral-collector interaction. 

Only in recent years has slgnlflcant progress been made ln the 

understand!ng of collector attachment to minerals. While 

a basIc understandlng of the role of collectors vas available by 

the 1950s, little vas knovn about the mechanism of 

collector-mineral attachment (26-9). 

In the 1950s it vas largely 

largely Involved 

accepted that 

10n adsorption 

co1lector-mineral 

(26) through a reactlons 

relatively simple series of well-defined reactions, although 

other theories had been suggested as outlined by Gaudin and more 

recently Leja (26,54). 

In 1952, 

mechanlsm 

collector 

Salamy and Nixon (87) proposed an 

involving the simultaneous anodlc 

and cathodlc reduction of oxygen, 

electrochemical 

oxidation of 

on the mineral 

surface. This has become Increaslngly accepted as more ls learned 

about the aechanism of the various mineral sulphide-collector­

oxygen systems, and of the variety of surface species produced 

from the reactlons (105). 

Sulphide minerals are semi-conductors and can thus act either as 

a source of electrons or an acceptor of electrons. Theyact as 

the former in the reaction vith the collector, and the extra 

electrons are conducted avay and react vith oxygen (see Figure 

10 
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2.1). The re.ctlon vith the collector (the anodlc oxldatlon 

re.ctlon re.ultlng ln .pare .1ectron.' •• Y b. of tvo typ.,: ... 

foraation of dlxanthogen: 
2-

2ROCS2 - -) (ROCS2)2 + 2e- ••••••••••••••••••••••• (1) 

or reactlon (chemlsorptIon) vIth the mineral itself: 
2-

PbS + 2ROC~- -) Pb(ROCS
Z
'2 + S + 2.- •••••••••••• (2) 

The surplus electrons vould then reduce oxygen, effectlvely 

simultaneously, in the follovin9 cathodic reductio'l reaction: 

1/20 
2 

+ 2H+ + 2e- -) H
2 

O ••••••••••••••••••••••••• (3) 

Whlch of the tvo anodlc reactions predominates depends on the 

aineral, the collector and the pulp potential. Investigations by 

Goold and co-vorkers (32) ln the early 1970s led to a correlation 

betveen mineraIs, collectors, and potentials at which the 

reactions start to occur (rest potentials' and surface products, 

as shown in Table 2.1. The table shows the effect of the rest 

potential on the final reaction product. If the rest potentlal Is 

high (above the reverslble potential for the oxldatlon of 

xanthate to dlxanthogen) then the product Is dixanthogen. If it 

is lover than the reverslble potentlal, then the product ls the 

aetal xanthate. The one exception ls covellite and xanthate. This 

is explalned ln terms of the reaction of dissolved cuprous 10ns 

from the minerai surface vith the xanthate (32,105). 

11 
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PbS + 2R~ - Pb (ROCSa)2 + S + 2e­

collector-mineral 
interaction 

~ 
-- H+ 

,. ~O 

Oz 

Oz + 2H+ + 2e- - 2820 

oxwen reduc:tion 
reaction 

FIGURE 2.1 - Principle of collector oxidation and ox~en reduction 

on galena surface. 
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71lL8 2.1 1 7h. ~ •• ctlon product .nd at.~tln9 (~.at) 

pot.ntl.l of th. .nodlc ~.actlon of Ya~lou. aln.ral­

coll.ctor co.blnatlon •• (105) 

not.: 

.ln.~.l 

py~lt. 

.~ •• nopyr 1 t. 

pyrrhotlt. 

ch.lcopy~ 1 te 

Kax 

Kax 

K8X 

Kax 

r •• t 

Y. S.H.8. 

0.22V 

0.22V 

O.21V 

O.l4V 

dlx.nthogen 

dlxanthog.n 

dlxanthog.n 

dl xanthog.n 

~.Y. pot.ntlal for oxld.tlon to dlxanthogen - 0.13V 

coyellit. 

bo~nlt. 

py~lt. 

~eY. potentiel 

coyel11t. 

ch.lcop~ 1 t. 

9·1.na 

bornlt. 

ch.lcoclt. 

K8X - Pota •• lu. 

for 

Kax 

KaX 

KRX 

DtC 

oxldatlon to 

DtC 

DtC 

DtC 

Dtc 

Dtc 

O.OSV dlxanthog.n 

O.06V •• tal xanthat. 

O.06V a.tal xanth.t. 

O.47SV cSlaulphld. 

dlaulph1d. - 0.176V 

O.llSV .et.l DtC 

O.09SV •• tal Dtc 

-O.OlSV .etal DtC 

-O.04SV .etal DtC 

-O.lSSV •• t.l DtC 

ethyl xanthat. (0.000625M .t pH 7) 

DtC - Sodlua dl.thyl cSlth1oc.rba •• t. (lOO.pp •• t pH 8' 
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oene~.ll.atlon. a~e .lvaya d.nge~OUa. O.ud1n (28) Identlfled 

~ •• tal xanthat.a aa vell aa dlxanth0gen on th. au~face of pyr1te 

and It 1. 11kely that ln all cases both reactiona occu~, although 

on. vlll tend to predo.lnate ove~ the othe~. Hoat of the evldence 

in the past tventy yea~s has suqgested that dixanthogen la the 

active specles ln pyrlte flotation (21,22,61). 

o 

Pyrite floats in air .ost effectively at potentials above that of 

dlxanthogen formation (105). This suggeats that by maintalnin9 

the pulp potential belov the rest potential for dlxanthogen 

fora.tlon on py~ite, or preferably belov the reverslble potential 

for xanthate oxidation to dixanthoqen, pyrite could be depressed. 

This ls an exaaple of electrocheaical control of flotation vhich 

has coa.anded much attention at the U.S. Bureau of Mlnes in 

recent years (30,81,82,103). 

Investiqato~s at the U.S.B.H. have shown that, vith single 

.inerala, the flotation of chalcopyrite, pyrite, born1te and 

chalcocite ls stronqly dependent on pulp potentlal (82). When 

.ixed beda are uaed Interaction. betveen the ainerala tend to 

dlstort the result. For example, ln a chalcoc1te-pyrite aixtu~e , 

pyrite 1. floated at d!fferent pulp potentials than ln the case 

of pyrite alone possibly throuqh activation by copper lona 

dissolved from the chalcocite surface (Fiqure 2.2)(30). 

While the idea of selective flotation throuqh control of the pulp 

potent!al . has pos.ibilltiea, external control of the potentl.l 

through contact vith electrodes, aa be1nq atteapted at the 

U.S.B.H., pose aevere practical difflculties on a large scale. 

14 

f , -1 ~ ); 



c 

~--------------------------------------------~20 KEY 100 

.0 

-U 
Go 60 
~ 
a: 
w 
> o 
~ 40 
a: 

20 

c::; Ch.lcocite 
A Pyrite 

- Aecovery 
Adsorption 
denilly 

.. 6 
A' 

o 

. . . . . . 
---~-------------- ~----------------. ,'. Monol.yer 
D . 

16 

! 
l 

12 -

i 
~ 
z 

8 Si! 
~ 

i 
4 

o~--~---4~--~---A----K---~ __ ~ ____ ~ __ ~ __ ~O 
-0.7 -0.5 0.3 -0.1 0 1 II J 

POTENTIAL V ISCE) 

100~-------------------S--------------------~--~~---, 

KEY 
o Chalcoclte 
A Pynte 

80 --- Single minerai 

20 

Mineral mixtures / 
added al rp 

--- - - Il) open CirCUit 1 
- - (2)·06V 

(3) ·0.5 V 1 

1 
O~-""-~I­
-0.7 1. t 

--e---e-S- 0 ;a- 0 
o 

... 6. 

-0.3 -0.1 0.1 0.3 
POTENTtAL, V (SCE) 

FIGURE 2.2 - COllector adsorption dens1 ties and flotation 
reoover1es of pyrite and chalcocite as single 
mineraIs and oombined. 

The first graph shows that if flotat1on was to take place ae -0.2 
to -0.3 volts, chalcocite would float and pyrite remain 
depressed, based on their floatabil1ties as single minerals. 'lhe 
second graph shows how the flotation recoveries of the minerals 
become less potenUal depandent when added together. 
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Che.lca1 control of potantlal has posslbllltles (and .ay already 

be practlced albelt unknovlngly). Outoku.pu have run pilot test. 

uslng control of pUlp potent!als, as agalnst pH. Thls testvork 

used sulphurlc acid for potentlal control. It resulted ln .avings 

in reagent costs (p .. rtlcularly xanthate and frother vhere up to 

50' savlng. vere reported), and an Improveaent ln econoalc 

returns fro. concentrate production. So far tests have been run 

on copper/nickel ores and g01d ores. Whether the technique can be 

applled to aore co.plex ores such as the pyritlc copper/lead/zinc 

orea of the Canadian Shield remains ~o be 8een(34). 

Developaent of iaproved process control methods Is only one 

consequence of recent progress in flotation electroche.lstry. 

Many reagents used in current clrcults May activate or depress by 

changlng the pulp potent1al. If th1s 18 the case then a reagent 

that adjust8 the pulp potent!al vithout interferlng vith any 

other aspect of flotation chemistry could be extreaely useful. 

Nitrogen aay be 8uch a reagent. Nitrogen 9as 18 currently u8ed ln 

the flotation separation of malybdenite fro. chalcopyrite (see 

Section 2.3)(73). Nltrogen 9as as the 9as phase in flotatlon 

vould reduce the pulp potential. It Is also an Inert gas and 

should thus not Interfere dlrectly vith Any che.lcal .echanl •••• 

In, for example, pyritlc ores containing zinc, zinc-pyrite 

selectlvlty could be improved by lovering the potential belov the 

rest poten~lal for pyrite flotation (76-7). One of the objects of 

thls thesio ls to extend this ldea one step further, and 

1ncorporate nltrogen lnto a complex copper/lead/zlnc flov8heet 

u.lng a currently proc.ssed ore. 
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t: Nltrogen vlll also purge dla .. olved oxygen out of the pulpe This 

•• y reduce flotation through blocking Reaction 3. Hovever the 

role of oxygen ln a flotatlon pulp la not fully underatood and 

its removal could affect other aechanls.s vhich contribute to 

.lneral surface hydrophoblclty. One such aechanlsm ia galvanlc 

Interaction betveen dlfferent mineraIs, as described by Kocabag 

and Smith ln 1985 (46). Figure 2.3 illuatratea the mechanls. they 

proposed for pyrlte, a particularly noble sulphide, and another 

aulphide aineral. The tvo results relevant to flotation are: 

( 

the production of elemental sulphur on the aineral acting as 

the anode (and possible reaultant collectorless flotation), 

and, 

the formation of hydrophilic ferrous hydroxide on the pyrite 

surface, making it less floatable. 

Disaolved oxygen ia fundamental to such a mechania. so uae of 

nitrogen could block it by removing the oxygene This vould render 

the pyrite more floatable, counter-actlng the effect of inhibited 

collector-mineral interaction. 

Further consideration vill be given to the possible 

galvanic interactions in depressing pyrite ln the 

aection (Section 5.2.1). 

17 
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sphalerite 

- less noble 

P'trite 

- more noble 

2+ + 20H-- Fe <OH)2 

FIGURE 2.3 - Propcsed galvanic interaction between pyrite and 

sphalerite, leading to an oxidised sphalerite 

surface and a hydroph1l1c pyrite surface. 
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2.2 RIVI •• 0' ORI MIIIRILOOY &MD cual .. 7 MltALLUIOY &7 

'HR •• CAH&DI&I OPIRAtIOHS. 

2.2.1 B~un.v1ck M1ning and S .. lt1ng (P1gure 2.4). 

The Brunswick .12 ore depoalt La one of the 1argest coap1ex 

sulphlde deposlts ln the Canadlan Shleld (93). It contalns 100 

mi1l10n tonnes of coaplex su1phide ore, averaging 9.0\ zinc, 

3.5\ lead, 0.3\ copper and 98 grams per tonne sllver. 

The deposlt, sltuated 27 km south vest of Bathurst, N.B. la 

composed of aedlaentary and volcanic rocks vhlch vere 

meta.orphlaed and deformed durlnq Ordovlclan and Devonlan tlmes 

(53,86,95). The ore Is 80\ sulphldes, of whlch alaost 60\ ls 

pyrite. The principal zinc minerals are sphalerite (zinc 

su1phlde, lov ln lron) and marm.tlte (zlnc sulphlde, hlgh in 

iron) , lead ls minerallaed as galena (lead aulphlde), copper as 

chalcopyrite (copper,lron sulphlde)' and silver as tetrahedrlte 

(copper,sllver,antlaony)aulphide and other sulphide minerals. 

Soae of the other alnerals occurring are pyrrhotlte, 

arsenopyrite, .arcaslte, boulangerlte, stannlte, cassiterlte and 

pyrargyrite. 

While high-grade bands conta ln relatlvely coarae-gralned values 

(100-1000pm), lov grade bands are much more flnely dlssealnated. 

The econoalc optlaua grind slze ls currently 65\, -37pm for 

prl.ary qrindlng, though It ls slgnlficantly finer in the regrind 

circuits. 
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FIGURE 2.4 - Brunswick Mlnlng ganeral plant flowsheet. 
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Hlne 

The 

open 

production has been entire1y from underground since 1980 • 

• 1ne uses a .echanlsed cut-and-fill aethod whlch replaced 

stope mlnin9 in 1971. Ore ls holsted uslng 15 ton sklps 

through numbers 2 and 3 shafts from three primary crush1ng units, 

rough1y 1000. underground. The mine currently extracts 10,250 

tonnes of run-of-.ine ore daily (68). 

The ore ls crushed to minus lScm underground using 2 Tray10r 

type-H jaw crushe~s and one Allis-Chalmers gyratory crusher. Once 

on the surface il is crushed further, ta minus 1.2cm in each of 

two plants. A secondary 1.7m Syaons stan~ard con~ crusher 

operates ln open circuit, the crusher product sized on a 1.2cm 

vibratlng screen. Overs1ze Is crushed ln a tertlary 1.7. 

shorthead cane crusher, in closed circult vith the sereen. 

Brunswick Hln1ng has three grinding llnes (17). Nu.bers 1 and 2 

(2900 tonnes/day each) receive ore from crusher plant number one. 

They consist of a 3.2. by 4.3m prlmary rad .ill vith 3.2. by 4.0m 

secondary and tertiary ball m~11s. Number 3 grind1ng section 

(4200 tonnes/day) receives ore from nu.ber 2 crusher plant and 

conslsts of a 3.8. by 4.9m priaary rod .i11 vith 3.8m by 4.6m 

secondary and tertlary baIl m1l1s. 76 •• rods (and 100 •• ln 11ne 

3) are used for primaIy rad mi111ng, and 32.m Hanmet slugs are 

used for baIl .1lllng. 

Tvo stage cyclones size the 8il1 products. The prl.ary cyclones 

are 2Scm dlameter Krebs cyclones. They classify the rod ml11 

dlscharge and are in closed circuit vith the secondary ball mille 

The secondary cyclones, ISc. Krebs cyclon •• , are ln clo.ed 

20 
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cl~cult vith th. t.ztlalzy ball .111. 

Soda ash 15 added to _alntaln a pH of 8.8 ln the qrlndlnq clrcult 

together vith 150 g/tonne sulphur dioxide. The role of sulphur 

dioxlde 15 to depress sphalerlte and ~yrite ln the bulk 

flotation, although its exact action 18 not knovn. Resulta fro. 

york at Brunswlck Hlnlnq by Hill appear to confira thls 

phllosophy (38). Theoretical aspects of Bulphur dioxide 

depresslon viII be considered at a later stage (Sectlon 2.3). 

The secondary cyclone overflov is fed to an aeration stage vith 

25 minute retention time. Aeration further depresses pyrite 

flotation. After flotation tvo collectoIs are added consisting 

of (1) plant xanthate containlng sodium isopropyl xanthate (80') 

and amyl xanthate (20%) at 30 g/tonne and (2) Cyanamid AEROFLOAT 

dithiophos~hate (241) added at 20 g/tonne. 

Bulk flotation i8 carried out using 8 .3 Outokumpu cells, 

producing a concentrate containlng 18\ combined lead and copper. 

The bulk rougher concentra te is then re-ground to 81\ minus 38 um 

in a 3.2m x 4.0m baIl mille 

Tvo stages of cleaning produce a concentrate containing 29\ lead, 

2.S\ copper and 700g/tonne silver. The bulk cleaner circuit la 

open, the thlckened tails from each stage coabining vith the bulk 

scavenger talls to form the zinc flotation feed. 

The bulk cleaner concentrate la treated vlth actlvated carbon to 

re.ove dlssolved organics (e.q excesa collector), though the 

carbon aay alao re.ove some of the collector coatlng fIO. the 
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( galena surface (38). It la al50 treated vlth starch vhlch helps 

to depress the galena. Sulphur dloxlde 121 then added to th.s pulp 

vhlch further depresses the galena, and malntains a pH of 4.8 

during condlt1onlng and copper flotat10n. 

c 

A copper concentrate 121 floated uslng 10-20 g/tonne of an alkyl­

alkyl thionocarbamate (Cyanamid AERO 3894 ) and cleaned three 

tlaes. The final copper con~entrate contalns 22\ copper, 6\ lead 

and 3000 g/tonne s11ver. 

Signlficant quantit'~s of marmatite float with the copper/lead 

concentra te. Harllat i te has been found to be very fine ly 

dlsseminated in galena so Brunswlck Min1ng are forced to produce 

a lov-grade zinc concentrate from the lead concentrate (35,72). 

The copper flotation circuit tail ia reground to 85\ minus l8p. 

ln a 3.7. by 4.611 ball .ill before belng fed to the zinc,lead 

separation circuit. The baIl mlll 1ischarge is heated to 70 deg C 

us ing steall injected into the pulp, to destroy any res ldual 

collector or starch from the copper flotatlon clrcuit. The pulp 

ls then cooled to 35 deg C by decantatlon and repulping vith cool 

vater. 

Liae ls added to pH 10.8 and copper sulphate added ta activQte 

the marlllatlte (1000 g/tonne). A bulk ("redoll\inantly zinc) 

rougher concentrate is then floated with xanthate and cleaned 

tv1ce, producing a final bulk zinc/lead concentra te containlng 

34' zinc and 18\ lead. The tailings from th1s clrcult aaaaying 

35' lead and 5\ zinc ls the lead final concentrate. 

22 
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~ The zinc circult 18 conditloned vith 650 g/tonne copper sulphate 

at pH 10.5 using lime for pH adjustment. Further conditioning 

vith plant xanthate (30 g/tonne) and cyanamid's AERO 3894 (20 

g/tonne) leads to the flotation of a zinc rougher concentra te 

(34\ Zn), from 32 Outokumpu 8 m3 cells. 

The zinc rougher concentrat~ is reground in a 3.8m by 4.9. ball 

mill to 95\, -38pm and floated three times in a closed zinc 

cleaner circuit. The final concentra te contains 52\ zinc. 

The zinc rougher tail vas foraerly directed to a scavenger, or 

secondary zinc flotation circuit. This used ta produce a lov­

grade zinc concentrate that vas up-graded using reverse flotatlon 

of pyrite from the zinc. The assay of this secondary zinc 

concentrate vas 48\ zinc, and it vas coablned vith the prlaary 

zinc circuit concentrate. This circuit ls, hovever, no longer 

used. 

In summary, flotation problems are a comblnation of difficult 

chemistry increas~d by the fine grind and finely dlsse.lnated 

lov-grade bands in the ore. Some of 'the features of the circuit 

as a result of these factors are: 

* Zinc floats to the bulk circult, necessitating the production 

of a zinc concentrate from the lead/copper bulk concentrate. 

* Excessive pyrite floats to the zinc concentrate, resulting ln 

lov zinc grade in the rougher coneentrate and lnereased 

reliance on the zinc cleaner circuit. 
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~ 2.2.2 Nattabl Hln •• Ltd, Mlll1n9 opeE.tlon. CP19UE. 2.5-4,&5). 

o 

The al11, set on the shore of sturqeon Lake 90 ka north east of 

Iqnace ln Ontario, treats 3000 tonnes per day of pyritic 

copp.r, le.d, ~inc, .llver ore mined underçround. 

The ore treated throuqh the mil1 when this testvork vas 

perforaed, vas mlned from the Mattabl (80') and Lyon Lake (20\) 

deposits. Typlcal he ad grades are 11\ zinc, 0.65' copper, 

0.6\ lead and 32\ Iron. The ore also contalns approxlaately 100 

g/tonne of silver. The principal valuable .inerals are 

sphalerite, chalcopyrite, galena and tetrahedrlte. The most 

abundant gangue mineral ls pyrite, which co.prlses 70' of the 

ore. In al1, sulphldes comprise betveen 85 and 90\ of the ore. 

The ore is, by Canadian Shield standards, relatlvely coarse-

gralned. The econom~c optl.ua grlnd slze belng 75\ -74pm from 

prlmary and secondary .illing though inter.ediate products are 

~round considerably flner ln the bulk copper/lead and zinc 

regrind circuits. The flovsheet is summarised by Figure 2.5. 

The ores from the two aines are batch-crushed and stored 

separately for later blending. Primary crushing 15 perfor.ed 

underground by a Bovborough jaw crusher for Lyon Lake ore and 

through a gyratory crusher on the surface for the Mattabi ore. 

All ore currently passes throuqh the 9yratory crusher, to aid 

.aterial ~andllng. Both ores are stockpiled separately after 

priaary crushlnq ln an ore storaqe buildlnq vith a live capaclty 

of 8000 tonnes. 

21 



-= Tbe .111 uaes a 33c. x 2.13. Allla-Cha1.era by4zocone czuaber for 

seeondary crushinq to -1.ge.. A 1.83. x 4.88. double-deck screen 

alze. the pzl.ary ~ruahez product, the overslze feeding the 

secondary crusher. 

c 

A larger (2.44m x 6.10m) single deck sereen slzes the secondary 

crusher product. This ls ln closed circuit vith an Allis-Chalmers 

12.7cm x 2.13m hydrocone tertiary crusher. Product fro. the 

crusher plant Is stored ln tvo 4000 tonnes flne ore blns. Number 

1 bin stores Hattabi ore and number 2 bin stores Lyon Lake ore. 

Ore fed Into the qrindlng circuit ls .onitored by a Herrick Hodel 

1-315 veighto.eter. 

The current grinding circuit consists of pri.ary and secondary 

ball .1lling. The prl.ary alll 1. a Do.inion Engineering 3.05. x 

4.88m ball .ill, and ls charged vlth 7.62c. forged steel balls. 

Primary mill discharqe comprises a signifieant aaount of eoarse 

rock, pzedoainantly rhyolite. A 1.21ca tro •• el sezeens off this 

coarse .aterial vhich is barren in base .etal sulphides. This ls 

used for road bedding. 

The trommel underslze is elasBlfled in four 38 c. Krebs prl.ary 

cyclones. Cyclone underflov feeds a 3.05. x 4.88. Allis-Chalaer. 

secondary ball .111 uslng 2.S4ea x 1.27c. "Nozcast" slu;a. 

Coarse rhyolite ls aqain screened off usinq a 1.11em tro.mel. 

Screen underslze ls clrcu1ated back to the pzi.ary cyclone feed. 

prl.ary cyclone overflov ls directed 'to the flot.tlon circult. 

28 



, ) 

~ The cyclone overflov 18 aerated and treated vith aulphur dloxlde 

to d.pr ••• th. pyrite and th •• phal.rit.. Th. pH ia adjuated to 

9-9.5 ualng aoda aah. Collector co.posed of aodiua ethyl 

xanthate (Cyana.id 325 - 2.5 g/tonne) and aryl dithiophosphorle 

acld (Cyana.ld 241 - 2.5 g/tonne) is added to float the copper, 

lead and allver. 

A bulk concentrate ls floated ln 16 Agitair 1.4 .3 cella and 

Includes a middlinga product, vhlch la circulated back to the 

condltloner in the bulk float feed. The copper, lead rougher 

concentrate contalna roughly 25\ copper and lead comblned. This 

is reground in a Har~y 1.52. x 2.44. bal1 ml11 to 95\, -74p. and 

refloated ualng elght 1.34.3 flotatlon cells to a comblned 

copper, lead grade of 35\. Methyl iaobutyl carblnol (MIBC) ls 

used as the frother ln the eopper/lead circuit. 

starch (vheat dextrine) la added to the co~per, lead bulk 

coneentrate together vith a small amount of activated carbon to 

re.ove resldual reagents ln solution. Steam ls then injected Into 

the pulp, ralslng the pulp temperature to 50 deg C vhlch strlpa 

the adaorbed collector off the alneral aurfacea. The pulp la then 

slovly cooled to 30 deg C and sulphu~ dloxld. added to depreas 

the galena. 

l dlisoa.yl dlthlophoaphate (Cyana.id 3501) le then added to the 

pulp an~ a copper concentra te floated ualnq 8 Denver (1.34 .3) 

cella. T~ia la then cleaned uslng more sulphur dloxlde at pH 3.5 

tt and further flot.tion ln 8 Denver 1.34 .3 cella. The final copper 

coneentr.te contalns 24\ copper and ,12\ lead. The talls fro. 
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t: copper, lead separation and copper cleaning are coab1ned and 

directed to the lead concentrate thickener. This final lead 

concentrate contains 27' lead, 11\ zinc and 5\ copper. 

In contrast to the separation probleas encountered in the 

flotation of copper and lead, the production of a zlnc 

concentrate le relatlvely straightforvard. Copper sulphate (550 

g/tonne) ls added at pH 10-10.5 (adjusted us1ng hydrated lime), 

actlvatlng the sphalerite. A .1x of collectors is added: a 

th1onocarba_ate (Hlnerec 2030) and sodlu. ethyl xanthate 

(Cyana.id, aerofloat 325) at a co.bined rate of 38 g/tonne. 

11ghteen Ag1ta1r 1.4 .3 cells are used for zlnc rougher 

flotation, producing a concentrate that is d1rected to a reqr1nd 

circuit and a middl1ngs that 1s reclrculated to tha zinc 

conditioner. The zlnc rougher concentrate contains 43\ zinc and 

ls reground ln a 2.13. x 3.35. Allls Chalaers bail mill, in 

closed clrcuit vith 6 Krebs cyclones to 9S\,-74pm. This 1s 

cleaned using 16 Agitalr 1.4 m3 cells (m1ddllngs and ta11s 

redlrected to zlnc cleaner feed and zinc rougher 

nov 

are 

feed 

respect1vely). The cleaner concentrate ls re-cleaned uslng 8 

Denver 1.34 .3 cells in closed circult, produc1ng a final 

concentrate of 53' zlnc. 

Overall plant recoveries are 91\ of the zinc, 75' of the lead and 

50\ of the copper. The maln aetallurglcal problea 11es vlth 

copper/lead separation and zinc depr~sslon in the bulk circult, 

c: though the latter problem has only becoae signiflcant since a 

greater proportion of the ore has originated fro. the Lyon Lake 
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zinc flotatlon ls relatively stralghtforvard, rougher grades 

beinq rouqhl~ 45\ zlnc. Conaequently not much la demanded of the 

el.aner circuit aaklng it r.latlvely easy to op.rate. 
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2.2.3 Kldd Cr •• k Mln •• -D- Dlvl.1on. !71qure 2.6-2,14' 

The Kidd Creek Concentr.tor ia located 28 km east of Tl •• lns, 

Ontario. It treata tvo types of ore knovn as A ore (a copper-zinc 

ore) ~nd C ore Ca copper-lead-zinc ore). The total tonnage 

treated ls 12,370 tonnes/day. This thesis Is concerned vith the 

C-type ore, vhlch Is treated separately from the A-type ore. The 

throughput of "CH ore Is 3100 tonnes/day. 

The ore Is alned from a massive pyritlc deposit, vhlch contalns 

9\ zinc ln the for. of sphalerite, 0.9\ lead as galena, 0.6\ 

copper as chalcopyrite and 230 g/tonn~ sllver, largely as native 

sllver. The chief gangue mineral Is pyrite vith pyrrhotite 

occaslonally occurrlng. The chIef non-sulphide gangue ls 

rhyolite though graphite .ay also occur. 

Priaary crushing at the mine-site reduces the run-of-mine ore to 

.inus 150 am. Thls is further crushed in a 1000 tonne/hour fine 

crushing plant, to minus 16 ma. Prlmary crusher product Is 

screened on a 50 •• square ho le rubber deck screen, the overslze 

feeding the secondary crusher. T~o Allis-Chalmers hydrocone 

crushers perfora the secondary crushing, these being set to 32 

ma. Underslze Is screened on a 19 mm steel rod-deck screen. 

Overslze from the rod-deck screen ls comblned vlth overaize from 

the crusher prodm:t screens and recycled to the tertlary 

crushers, three Allis-Chal.ers hydrocone crushers set at 13 ••• 

Crusher dlscharge ls slzed uslng tvo 40 am by 23 •• slotted 

screens. 
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The grinding circuit consists of an Allis-Chal.ers 3.2. by 4.9. 

rod aill and 3.7. by 5.5. lllis-Chal.ers secondaryand tertiary 

ball aills. The rod .ill is lined vith Noranda Nl-hard vave 

liners and Domite chro.e-moly end liners and uses forged steel 

rods. The ball .ills are rubber lined and use forged steel balls. 

The pri.ary .111 discharge ls classified in l8c. Krebs cyclones, 

secondary and tertiary mlll discharges belng classifled by 25 c. 

Krebs cyclones. These cyclones produce a flotatlon circult feed 

at 73 percent .lnus 45 alcrons. Sometimes Incorporated Into the 

grIndlng clrcult Is a s11ver flotatlon clrcult, vhlch treats a 20 

tonnes per hour bleed fro. the secondary aill discharge. Four 

Outokumpu 1.5 .3 cells are used for rougher flotation and six 

Weaco-Fagergren 0.09.3 cells are used as cleaners. Cyanaaids 

R208 collector is used to collect the sllver, HIIC belng used as 

a frother. 

The grlndinq circuit product Is treated vith 500 g/tonne sulphur 

dioxide (vithout aeratlon). l copper concentra te ls then floated 

at pH 8.5 (adjusted using lime) vith 60 g/tonne Cyanamid Rll7 

and/or R208 collectors. MIBC Is used as a frother. Rougher 

concentrate is cleaned three tl.es, at pH 6.5 (dropped using 

sulphur acid to aid galena depresslon). Denver and We.co cells 

vith a total capacity of 55 m3 float the rougher concentrate, 

cleanlng Is perforaed ln Denver cells vlth a capaclty of 16 3 a • 

The final copper concentrate ls relatlvely lov-qrade, belnq 

typlcally 17\ copper. 
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Folloving copper flotation, 48 g/tonn. of xanth.te collectora 

(R208 and R317) are added to float the lead. The cell 

configuration i. th ••••• a. the copper circuit, although D.nver 

cella vith 23.3 capacity are used for cleaner. and no Denv.r 

cells are used for the roughing stage. Flotation 1. perfor.ed at 

pH 8.2, ylelding a final lead concentrate contalnlng 12' lead and 

10' copper. 

650 g/tonne of copper 5ulphate la added to the 1ead circuit talla 

and ia condltloned for approxlmately 8 minutes at pH 10. Xanthate 

i5 added durlng copper condltloning at approxlmately 60 g/tonne. 

Zinc roughlng and scavenging uses three bank5 of Weaco 4.2 .3 

cells, each bank vith 14 cells. Rougher concentrate ia cleaned 

three tl.es at pH 11 uaing Weaco 4.2 .3 cells. The taila from 

each cleaner .tage are combined vith a .cavenger concentrate and 

reground in a 2.4 • by 3.7 m Alll3-Chalmera regrind ball .ill. 

This is in closed circuit vith 15 cm Krebs cyclones. Cyclone 

over6ov is retreated vith copper aulphate, collector and frother 

and added mid-vay dovn the rough~r circuit. The final concentrate 

assays 50\ zinc. 

In recent years the zinc concentrate has been .ubjected to a 

pyrite reverse float, vhereby slgnlficant quantities of sulphur 

dioxide have been added ta the concentrate (roughly 2000 g/tonne 

of concentrate) dropping the pH to 4.0. This is condltioned for 

15 minutes and cyana.id 3418 collector added. A .ilver-rich 

pyrite concentrate is floated and cleaned three ti.es. The pyrite 

circuit tails nov as say 55\ Zn, the pyrite concentrate i. added 

~ to the copper concentrate Increaslng the silver asaay of the 
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The success of the pyrite float is indicative of the poor zinc­

pyrite selectivity achieved ln the zlnc clrcuit. poor copper-Iead 

selectivity is alao a feature of the circuit, this particularly 

affectlng lead grade and reeovery. The lov feed grade of the 

lead, together vith the lov silver content and economic value of 

the lead concentra te reduces the economle signlfleanee of the 

lead circuit. Mueh of the attention of research into the plant is 

therefore focused on the zinc clrcult~ 
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2.3 THI USI OP OlSI. OTHIR THAl AIR Il PLOTATIOI 

~ Whlle air ls ~robably used .s the flotatlon 9as ln aore than 99' 

of the plants vorld-vlde, gases other than alr played a 

slgnlficant role ln the early development of flotatlon. Some of 

the earllest recorded vork ln flotation development vas performed 

by the Bessel Brothers ln the 1870s and 1880s. They used stea. 

and carbon dioxlde as the gaseous phases in flotation. The work 

by Potter ln Australia made use of reactions between acld and 

carbonate minerals to fOIm carbon1c acld, and this became the 

carrier gas in the flotatlon process (57), 

o 

The application and potent!al application of soae gases is 

described ln thls section. 

2.3.1 litrogen 

The Industrial use of nltrogen ln flotatlon Is currently llalted 

to copper/molybàenum separation. While the use of nitroqen ( as 

patented by De1aney in 1972,(18) la not to control mineral 

collector interaction a brlef descrlption of its use ln 

copper/molybdenum flotatlon metallurgy Is stlll uaeful. 

A copper/molybdenum bulk concentrate ls normally floated uslnq 

conventional xanthate and dlthiophosphate collectors (13). 

Hovever the subsequent separatlon of molybdenite by flotation 

from chalcopyrite takes advantage of mo1ybdenite t s natural 

hydrophoblcity. So, for effectlve copper/molybdenum separation, 

the collector coatlng must be removed. fro. the chalcopyrite. 
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Acidification and conditioning alone fails to re.ove all this 

~ coatlng 50 a strong reduclng agent ls added. In the case of 

Gibraltar Mines (British Columbia) sodium hydrosulphlde (NaHS) Is 

c 

used for this purpose (although Nckes reagent Is also 

used). This, llke any other strong reduclng ag~nt is 

oxldlsed b~ dlss01ved oxygen durlng flotatlon and as a 

comllonly 

readily 

result 

over 8,000 g/tonne of sodium hydrosulphide 15 used, 

.ore than the 25 g/tonne that, according to 

calculations, Is needed (13). 

conslderably 

stochiolletric 

The Idea of using nltrogen appears to have derlved from vork by 

Sovlet Investlgators on uslng various gases, Including stealll ln 

copper/molybdenum ~eparatlon. The gas lovers consu.ptlon of the 

reducing reagent and so reduces reagent cost. Nitrogen May find 

a use ln flotatlon vhenever reduclng conditions are beneficial; 

and it eould theoretically reduee the consumption of other 

reagents such as sodiua cyanide and sodium hydrosulphite. 

Savlngs upon uslng nitrogen are often considerable. Podobnik and 

Shirley reported that the savings ln Nokes reagent vere over 60\ 

(73). At Gibraltar Mines, the drop in sodium hydrosulphide 

consumptlon has been more than 75\, saving over a million dollars 

per year. In the Soviet Union the use of nitrogen has been 

reported to have cut reagent costs in half (89). 

Whlle Shirley (1980) noted that nltrogen gas could only be used 

beneficlally in copper flotatlon, the Inereaslng us~ of flotation 

columns and the resultant reduetion in gas volumes used ln 

flotation may open nev economic avenues for the use of nltrogen. 
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~ Furtheraore, Soviet Investlgators have recently establlshed that 

nltrogen effectiveneas la related to pulp te.perature, 

te.perature control belng one vay for further optimizatlon ln the 

use of nitrogen (89). 

Outside copper/molybdenua separation, the potential value of 

nitrogen as a carrier gas ln flotation has never been assessed. 

Ita role as a pyrite depressant in sphalerite/pyrite separation 

has been proposed by Rao and Finch (76-7) though the results in 

this thesia vill indicate that the role of nitrogen as a pyrite 

depressant may be hard to control. 

The use of nitrogen in flotation is of particular relevance to 

this thesis so Section 2.4 Is devoted to descrlbing hov nltrogen 

is produced for Industrial applications. 

2.3.2 carbon dioxide 

Carbon dioxlde Is produced as a by-product from nltrogen 

production at plants such as Gibraltar. In this case it is used 

as a subst!tute for sulphurlc acid to reduce the pH in the 

molybdenum circuit (13). 

Miller and co-vorkers have recently proposed the use of carbon 

dloxide to float fine coal. Carbon dioxide was used to produce a 

super-clean coal (so-called carbon dloxlde coal flotation) by 

laprovlng ash rejectlon and Increasing the rate and extent of 

flotatlon for high-volatile bituminous coal (46). The success of 

-0' the procedure Is attr lbuted to the coal t s hlgh adsorption 

potential for carbon dloxide. 
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Pollovlng thl. ua. ln coal flotatlon another possible ar.a la 

bltuaen flotation. It ls dlfflcult, hovaver, to la.glne 

vldespread application of carbon dloxide in froth flotatlon 

(98). 

2.3.3 St.a. 

Many coaplex sulphlde plants use stea. as a conditioning gas 

priar to flotatlon. Tvo examples are Brunswick Hining and Hattabl 

Mines, as described in the previous section. stea.'s normal role 

ls to destroy residual reagents in solution after bulk flotation 

(68). Hovever Berger and Ivdokimov (10) have experlmented vith 

the use of steam in co.bination vith air, as the flotation 

carrier g.s. They tested this novel approach on several ores and 

observed reducad reagent consumptlon and flotation tlme, and 

laproved extract10n and selectivlty. The effect of steam aay be 

to improve froth cleaninq by ralsinq vater te.perature and aiding 

fila drainage (67). 

2.3.4 Sulphur dloxlde 

Sulphur dloxlde Is nov probably the .ost commonly used gas beside 

air ln flot.tion. Its ua., hovaver, is purely as a conditioner 

and it never acts as the carrier 9as. In Canada, nuaeroua plant. 

use sulphur dloxlda prlor to co.plex sulphlda flotation. 

Exaaples are glven ln Table 2.2. 
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Sulphur 410x14e 1. aalnly u •• 4 for th. depr ••• lon of pyr1te, 

.pha1er1te and ga1ena (2,4,11,20,68,85). Whil. Tab1. 2.2 .how. 

that many of the larger complex sUlphlde circuits ln Canada use 

sulphur dioxlde, other alnes contlnue to us. the older 

.stabllshed depre.sant8 such as cyanid. and zlnc sulphate (e.g. 

Curragh Resources, Polaris Hlne and Weat.ln Resources )(42,88). 

Ya.amoto (106) gave tvo reasons for the replacement of cyanide 

vlth sulphur dloxide as a depressant - (1) cyanlde ls an 

environ.ental hazard and (2) cyanide tends to dissolve sOl\e of 

the preclous metals ln the ore. Gaudln (26), ln fact, mentions 

that cyanlde depresalon of sphalerlte la only effective vhen 

signlflcant quantlties of Iron are assoclated vith the zinc. 

(This perhaps explalna the use of cyanlde at Curragh resources 

vhere the sphalerlte contains roughly 15\ Iron ln the matrix.) 

Tabl. 2.2: So •• Can.dlan bas. a.tal operatlons u81n9 .ulphur 

dloxid. durlng flot.t10n. 

na.e: ainerals 
recov.red 

Brunswlck Mlning: Cu/Pb/Zn/Ag 

Cu/Pb/Zn aeco: 

Kldd Creek Mlnes,"A" dlv:Cu/Zn 

" " 
Mataga.l Lake: 

Mattabl Mln •• : 

,"D" d1v:Cu/Pb/Zn 

Cu/Pb/Zn 

Cu/Pb/Zn/Ag 

Significan~ research has recently been 

chealstry of sulphur dIoxlde actlon 

addIt10n 
rate g/t 

900 

430 

341 

381 

294 

345 

conducted into t~e 

ln coaplex sulphlde 

o flotation. A aa:Jor literature review of the theory behInd the u •• 

of sulphur dloxlde, or more precisely the derlved ions such a. 
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c: the sulphlte 10n, ln coaplex sulphlde flot.tion la beyond the 

c 

scope of th1s thes1s. Some of the aore Important findlngs vl11, 

hovever, be covered. 

At Brunswlck Mlnlng, Kldd Creek Mines and Hattabi Hlnes, aulphur 

dloxlde ls used to depress galena, sphalerite and pyrite at 

varlous stages ln the process. All three plants add sulphur 

dloxlde to the pre-aerator for pyrlte and sphalerlte depression 

prior to copper flotatlon. Hovever, the two Noranda mlnes use 

sulphur dloxlde to select1vely float galena to the bulk 

concentra te and then to selectlvely depress galena ln copper/lead 

and zlnc/lead separation stAges. Thls apparent contrad1ction of 

uses lliustrates the complexity of sulphlte 10n / .etal sulphide 

Interactions. Peres (71) conducted an-extenslve study to evaluate 

the effectlveness of sulphur dloxide on the flotation of copper, 

lead and zinc. The depressing actlon of sulphur dloxide on 

dlfferent minerals ls ccmpared ln Table 2.3. 

TAILS 2.3: D,pre •• lng action of .ulphur dloxlde ln oEdlr of 

effectivene ••• (71) 

" 

Sphalerite 
Mar .. tlte 
Pyrite 
Galena 
Covell1t. 
Chalcoclte 
Chalcopyrite 

.oat .ff.ct1vely depre ••• d 

2 
le •• t .ff.ctlv.ly d.pr •••• d 

Several .echani.a. have been propo.ed for the depr ••• lng effect 

of sulphite ions on sphalerite flotatlcn. 
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1. Su1phlte Ion. a.y depress .phalerlte throuvh the foraatlon of 

calclua or zinc sulphlte fil •• on the sphalerlte surface 

(96,106). So, for effective sphalerlte depresslon zinc or 

calclum 10ns aust be avallable ln solution. Table 2.4 shovs 

that whlle soae operatlons appear to colnclde vith thls 

approach, others contradlct it (2,4,64,68): 

~A8LI 2.4: A ll.t of operation. u81n9 aulphur dloxlde 

for .phalerlt. depr ••• lon, and the revulator. u.ed 

vith lt. 

Operation Aaount 802 added other reCJulator. 

Mount I.a 500-1000 zinc .ulphate 
.odlua cyanlde 

Alnal, Japan 70-1000 zinc sulphate 
.odlua cyanlde 

Hanava, Japan 70-1000 zinc sulphate 

Brunswick Mlnln9 150 none 

Mattabl Mine. 150-500 none 

Kldd Creek Mine. 
'D' Dlvl110n 350 none 

2. Gaudln et al, taklng an .ppro.ch based on sol Id/solution 

equll1brla (27), proposed that the depr.s.lon of sphalerite 

vas the result of lovering the cuprlc 10n concentratlon in 

solution ~hrou9h reduction of the solution potentlal. Gaudin 

~ calculated that the addition of 600 v/tonne aulphur dloxide 

vould .ffectlvely reaove copper 10ns froa solution (26). 
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3. Miara (64) found that the depreaaion of sphalerite fro. 

chalcopyrite also steas from the deco.posltion of xanthate 

through action of sulphur dioxide. He found that the rate of 

decompositlon is faster than that of xanthate adsorption onto 

the sphalerite surface, thus keeping the surface clear of 

collector. It Is slover than the adsorption of xanthate onto 

chalcopyrite, hovever, and so cannot prevent a multi-Iayer 

coatlng of collector from for.ing on the chalcopyrite surface. 

The respective rates are dependent on sulphur dioxide and 

xanthate concentrations and the pH. Consequently all these 

factors influence the effectiveness of sulphur dioxide in 

promotlng selective copper flotation from a copper/zlnc 

mineral association (64). 

Galena depression by sulphlte 10ns seems ta be the result of 

formation of lead sulphlte on the galena surface. A pre-requisite 

to the for •• tion of such • film Is an oxidised galena surface, 

lndicatlng that sulphur dloxlde vill only depress galena if it Is 

heavlly oxidlsed (91). Interestlngly, Shlmoolsaka (91) found a 

si.ilar mechanis. for the depressing action of chromate ions on 

galena. This, hovever, vas not restricted to oxldlsed galena, 

suggestlng that chromate ions may be a more effective depressant. 

In fact Brunswlck Hlnlng orlginally adopted the use of chromate 

depression of .phalerite and pyrite, only to later reject the 

approach (66). 
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Sulphur dloxlde also depresses pyrite. As sulphur dioxlde ls 

often a reduelnq agent (dependln9 on the other Ions ln solution), 

pyrite depression Is often consldered electrochealcal ln nature. 

Dlxanthogen ls the aos~ laportant hydrophobie speeles on the 

surface of pyrite (8,105). This can only fora at pulp potentials 

h19her than tO.22v vs 8.H.E. By loverlnq the pulp potential belov 

0.22v vs 8.H.E. the aechanis. for pyrite collection usln9 

xanthates 15 blocked. However, Hill (38) found that sulphur 

dioxlde does not reduce the potentlal ln strea.s at Brunswick 

Hlnln9, unless the pH ls below 2. Further, sulphur dioxlde ls 

used to laprove the selectivlty of chalcopyrite flotation, and 

the rest potentlals for xanthate adsorption on chalcopyrite and 

pyrite differ by only 80 aV. A aore llkely explanation is glven 

by Yaaamoto (106) and Is similar to that proposed by Hisra for 

sphalerite depression. While the adsorption of xanthate onto the 

pyrite surface ls net blocked by sulphite Ions, they do desorb 

the xanthate effectively - the xanthate beln9 decoaposed to ethyl 

Ions 

whlch 

alcohol and carbon dloxide through the action of sulphlte 

and oxygen. The applicable pH range Is limited (pH 6-8) 

would help to explaln why sulphur dloxlde can be us.d 

selective pyrite depresslon (at pH 8) and flotation (at lov pH 

for 

as formerly at Brunswick Hin1n9). 

Recently, Hoy.ck and Ra9havan (43) shoved that the depresslon of 

pyrite at h19her pH levels (as at Kldd Creek Hlnes) 8ay be due to 

electrochemlcal reactlons leadlng to the foraatlon of a 

hydrophllic surface product, 'e2(so.)~.Fe(OH)3' 
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The potent!al value of lulphur dioxide in copper/nickel flotation 

has been assessed fro. ti.e to ti.e. Extenlive pilot plant vork 

on the use of sulphur dioxlde in floating leverely altered "pot­

hole" copper/nickel/platinu. group .etal-bearing ores ln South 

Africa resulted in i.proved pentlandite and pyrrhotite grades 

(45) but thls has not been adopted commercially. Resulta from 

york by Peres (71), on pentlandlte and chalcopyrite flotation are 

concordant vith those noted ln South Africa. 

2.3.5 Other g •••• ln flot.tion. 

Hydrogen and oxygen are u.ed a. carr1er gase. ln 

electroflotatlon. The basic prIncipal of electroflotation ls to 

produce hydrogen or oxyqen through electroly.ls, and to use the 

gas produced as the carrier qas in flotation. Electroflotation 

has tvo possible advantaqes: 

1) The chemlcal nature of the qas can aid the flotation process. 

An example la the use of hydrogen to float cassiterite, vhere the 

gas reduces the oxlde to .etall1c t1n, aidlnq particle 

hydrophoblclty. (41,104) 

2) Finer bubbles can be produced, and the bubble size better 

controlled. This could aid the flotation of fine partlcle.. The 

bubble sizes produced are typlcally lO-60pm ln dlaaeter, there 

belnq normally a compromise between bubble size and the stab111ty 

of the froth produced.(9,3l,50,104). 
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Bllctroflotatlon ha. not been adopted on an industrial .cale yet, 

though testvork such as that on tin ores fro. Wh.al Jane ln 

Cornwall, ha. suggested that lt holds pro.lIe 

(41) • 
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2.4 NlAM8 AlD .COIONICS OP .IODUCIHa .I~.oa .. (15). 

2.4.1 Hltrogen aupply option. 

There are slx vays to 8upply nitrogen to a flotation plant: 

• Co.bustion plant on-site • 

• He.brane system on-site • 

* Pressure Svlng Adsorption systea on-site. 

* Cryogenle systea on-site. 

• Shlpplng-ln llquld nltrogen. 

• Closing flotation cells.and recirculating the alr, 

the oxygen v1ll be consuaed by the sulphide .in.rala. 

The relative merits of eaeh system vill nov be conaidered. 

Co.bustion plant: 

Coabustlon plants have been built on-site at a nuaber of Canadian 

copper-aolybdenum operations (e.g. Gibraltar Hlnes and Lornex 

Hlning). They operate by uaing natural gas to coabust the oxygen 

in the air by the follovinq reaction: 

202 + CH4 -) 2H20 + CO2 
The quality of the nitrogen produced depends largely on the level 

of auto •• tlc control applled, being of the range of 95\ - 99\ N2 0 

Plant capacities are variable, though ln the copper-aolybdenua 

circuits they tend to be 20 - 30 tonnes per day. 

Heabrane aystea: 

The aeabrane syate. effectlvely filtera co.pressed air, taklng 

advantage of the fast peraeation rates of oxygen, carbon dioxlde 

4r and vater vapour to aeparate th.a froa the aore slovly peraeatlng 
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Membranes employ the principle of selective permeation to 
separate qases. Ox~en permeetes quickly through a semi-permeable 
membrane. Nitrogen permeates through at a much slower rate. 'lbe 
drivlnq force which forces the oxygen through the membrane, 15 
the difference between the two partial pressures of the feed and 
the oxygen discharge. 

low 
pre •• ure 

J 
W~02 

-
~ high 

j 
pressure tubes of semi-permeable membrane 

FIGURE 2.7 - Membrane system for producing nitrogen. 
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c nitroqen. Co.pr •••• d air ent.r •• ch.ab.r filled vith bundl •• of 

seai-peraeable ae.branes for.ed into tiny, hollov fibres. The 

fa.ter peraeatin; qases, driven by a hi;her partial pressure 

in.ide the tube. th.n outside, peraeate through the aeabrane and 

are colleeted at a relatively lov pressure. Nitroqen rea.ina 

in.ide the tubes and discharqes the other end of the eylinder 

(see Figure 2.7). Such a plant produces nitroqen at rouqhly 9S~ 

purlty, and has a relatlvely lov capacity of 2.S tonnes per day. 

Pressure Swing Adsorption: 

Pressure Sving Adsorption i. a commonl) used means of providing 

nitrogen of 9" purity. Compressed air is supplled at the bottoa 

of the first bed vhere the proprietary sleve adsorbs the oxygen 

and other impurities (Figure 2.8). When this bed approaches 

saturation it svltche. to a regenerat1ve phase vhile the second 

bed automatically begins the separation process. A nitrogen 

reservoir provides surge capacity and ensures a steady output. 

Plant capaeltles are generally up to SO tonnes per day. 

Cryoqenie plants (101): 

Cryoqenie plants are the best aeans for providing large tonnages 

of nltrogen (aore than 50 tonnes per·day). They produce a very 

clean product ()99." N2) by loverinq the te.perature of a supply 

of air to belov the boillng point of oxygen (-183 deg C) and 

separatlnq 11quld oxygen froa gaseous nltroqen. One stage 

produces a 50' oxygen cont.inlnq 11quld so tvo stages are needed 

to produce a high qrade oxygen product. The Linde double coluan 

«: illustrated ln Figure 2.9 11 an example of a cry0genic syltea. 
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o A ?:,,!ss\l:,e 8w1:1; Adsorption (PSA) system is compcsed of t'.aIO 
ldentical mul ti-layered beds which per:orm the separation 
procass. Compressecl air anters the bottom of t.'e first bed where 
a propr1etary sieve adsorbs oxygen and other impurities, allowin9 
t.'e nitrogen to pass t.'rcugn. \\hen this bed approaches saturation 
lt S'tilitches to a regenerative phase while the second bed 
autcmat!cally begins t.'e separation process. 'nle cycle 15 
completad when the second beà reaches saturation and starts to 
regenera~e and the first bed, once again, begins production. 

•••• ••• •••• •• • • ••• • •• •••• •• • •• •• • •• 

filter 

• ••• • •• • ••• • •• • ••• • •• • ••• ••• • ••• • •• 

- -. .~ 1 - r 

nitrogen 

AIR 
RECEIVER 

filter 

ADSORPTION 
BED$ NITROGEN 

RESERVOIR 

FIGURE 2.8 - Diagram of a Pressure Swing Adsorption system used 

for the production of nitrogen. 
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If nltrogen la requlred at any tonnage above 10-20 tonnes per 

day, sh1pplng 1t ln on trucks ln llquld atate la not l1kely to be 

viable. 1 f ni trogen 1 a only requl red occ.aionally, hovever, or 1 f 

a lov require.ent Is expected th la may be a viable alternative. 

Thla la the only option If the consuaer does not vant any 

signlficant capital outlay. 

Probably the most economlcal application of nI troqen in flotation 

in Canada i8 tha t <.lf 1 sland Copper at Port Hardy, B. C. Plant 

engineera closed the cells in the copper Imolybdenum clrcul t and 

ne 1 rcula ted the 'las (15). SOlIIe oxyqen does leak into the ayate. 

but this ls consumed by reagent and the aulphides in the ore. The 

extra cos t of consuaed reagent Is cons iderably less than the cost 

of produclnq nitrogen whlch itaelf vould not be entlrely clean of 

oxygen. Brenda Hines have abo enclosed the flotation cella in 

the copper/molybdenuil separation circuit (15). 

2.4.2 Icono.lc Co.parlaon of the dlfferent option •• 

Table 2.5 compares the econolllics of the di f ferent sourcea of 

nI troqen. The capl tal coat of a nI trogen plant depends on the 

alIIount and quall ty of nltrogen to be produced. A typlcal plant 

producing 20 tonnes per day at 95' pur 1 ty vould coat roughly 

$750,000. A plant producl ne; 400 tonnes per day of 99\ ni trogen 

vould coat roughly '8 .11110n. 
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Air goes through tubes cooled in compartments 'Which both cold 
oxygen and ni trogen flow. It is liquified in the oottom of the 
lower colt.mn where mainly nitrogen rises in gaseous forme It is 
also greatly cooled in the tubes surrounded by liquid oxygen from 
the upper collmn. 

The oxygen-rich liquid is transferred to the middle of the upper 
colllnn ~ere condensation of mainly the oxygen occurs, the rrore 
volatile ni trogen rising to the compartment that cools the 
incoming air. The arroW5 show the route followed by the liquid 
and gases. 

FIGURE 2.9 - Diagram of ~ double coll.lllll for separating the oxygen 

and ni trogen in an air supply (from reference 15) • 
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7A8L. 2.51 Coapaeln9 th. co.t. oe th. dlef.cent ••• n. oe 

pcoducln9 nlteo,en. 
co.t pee tonne .2 

Coabu.tion pl.nt •••••••••••••••••••• l0-.40 

Meabe.ne pl.nt ••••••••••••••••••••• ni. 

Pee •• uze SVln, Ad.oeptlon ••••••••••• 50-.60 

Ceyo,.n1c pl.nt •••••••••••••••••••• '40 

8upply of llquld nlteo'.n ••••••••••• 170 

2 ••• 3 othee •• pect. of the u.e of nltzo,en. 

A plant that uses large tonnages of nitrogen v1ll probably n.ed 

to ensure the gas ia disposed of for safety reasona. Thus soae 

for. of closed cells are gOlhg to be needed, vh1ch suqqe.t. that 

it vould be vorthvhlle enclosing thea completely. 

Siaply rec1zculAtlng the air aay not ensure consistent qUAllty of 

nitroqen and vill cause proble.a during atart-up ao soae foz. of 

nitrogen pzoducing capacity vil1 probably be necessary. Thla 

vould also per.mlt a alight positive preasure to be aa1nta1ned in 

the flotation cell, reduclnq the chance of alr leaklng Into the 

syatea. Whlle co.bustion planta have been the .ost popular they 

do have the dlsadvantage of not produclng by-product oxygena The 

oxygen, produced byaeabrane, P.S.A., and cryogenie planta can be 

used either elsevhere ln the clrcult (e.g. to 1aprove a pre­

aeration stage) or ln plant boilers (e.g. for the concentrate 

drlers). Thi. vould help off-set the cost of produclng the 

nitroqen. The production of nitroqen vill be considered further 

durlng the dl_cueslon _tage of th1_ the_ls. 
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o 3. IXP.RIMIMt'AL 

Ore va. obtained fro. the rod .i1l feed of three plants, 

Brunswick Hinin9, Hattabi HLnes and KLdd Creek HLnes ("Dit 

division). The ore fro. Brunsvick Hinin9 va. la.p1ed in 1985 and 

1987. The HattabL plant vas lampled ln the sprln9 of 1987 and ore 

fro. Kidd Creek Hinel "Dit division vas sa.pled in the fall of 

1987. 

Plant rod .il1 feed •• terlal is generally tou coarae to be ground 

ln the McGill laboratory rod mlll vlthout belng crushed flner. So 

each ore vas drled (slovly ln a cool oven, to avoid oxldation of 

the ore) and crushed uslng a laboratory gyratory cru.her 

CPeacock Brothers) povered by a S.6kW synchronoui motor. 

The crusher product vas spllt into 1 kg samples uslng a 12-vay 

rotary splitter, .odel "12 "prosplitter" CDesert Laboratories, 

Tucson AZ). The samples vere stored dry at roo. te.perature. 

The ore vas ground vet, 

steel laboratory rod 

at 64\ so11da by ve ight, ln a stalnless 

mill. The .ill vas 235 •• long by 178 •• 

diameter. A coablned charge of alld and stalnlesa steel rods vas 

used, conllstlnq of 11, 16 •• by 230 •• stainless steel rods, 2, 

22.. by 194 ••• lld steel roda and l, 35 •• by 194.. al1d steel 

rode The total charge veight va. 7750 g. Soae test. vere run 

uslng an entlrely atalnless steel charge but no change ln 

o flotatlon perforaance va. observed. 

53 



= ~ 
~ 
~ 

~ 
~ 

~ 
~ 

! 
~ 

i u w 
~ 

y 

c 

80 

80 

40 

20 

oo:---------~1~O~--------2~O----------3·0----------~40 

Grindlng Time (minutes). 

FIGURE 3.1 - Grindinq calibration curve for tests on Brunswick 

Mlning ore. The required grlnd was 65 , passlng l7JUD. 
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FIGURE 3.2 - Grinding calibration curve for tests on Mattabi ore. 

The required grind was 7S , passing74 psn. 
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FIGURE 3.3 - Grinding calibration curve for tests on Kidd Creek 

ore. The required grind was 6S , passing 4Spnt. 
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CJElndlnCj 

CUIVew 

tlae vaEled fEOa oEe to OEe, and vas determlned uslng 

tests and preparinq a grlnd ti.e vs size calibration 

In each case the Eesultant paEtlcle slze distElbutlon vas 

as si.l1ar as possible to that of the nev flotatlon feed at the 

respective plant. The gElndlnq test data 15 presenteà in Appendlx 

1, the callbration curves beinq Fiqures 3.1 to 3.3. The ground 

materlal vas transferred fro. the alll to a 2.5 L Leeds-type 

flotatlon cell (Figure 3.4). 

J.2 PLO'I'ltIOIi 

While flotation test reproducibility Is alvays limited by errora 

ln saapling and variations in ~he operation of a test (6,19), the 

Leeds cell conslderably reduces the aaount of error. The cell, 

deslgned by C.C.Dell in 1981 has been analysed extenslvely by 

researchers in the United Kingdom a"d South Africa (7,19,67). 

They concluded that: 

* The open top nature of the cell allovs excellent acceas 

for fillinq and froth reaoval, thus .alntaininq a 

conslstent froth depth. 

* Good control of the l.pellor speed (through dig1tal 

readout) and pulp level (controlled automatically or 

aanually) enhance. reproduclblilty. 

* E~cellent air dispersion characterlatlca throuqh use of 

ba(fles leadinq to good flotation perforaance and 

stable, deep fEotha. 
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Th. author us.d • Le.da cell ln South Afrlc., for rou9hly 150 

tests on a .a9netlc concentrate fro. Merensky ore (62). B.sed on 

that experlence, and the experlence fro. the testvork reported ln 

this theals the author can confira theae observations. 

The standard flotatlon procedures for the thr.. ores are 

described ln Tables 3.1 ta 3.4. Host tests, hovever, vere run 

under specifie conditions. These conditions are listed vith the 

respective reaults sheet in the appendix. 

Conditions in the laboratory tests vere des19ned to be siailar to 

standard plant conditions, vith one notable exception. Testa at 

HcOlll University used zinc sulphate'as the principal sphalerite 

depEessant durlng copper,1ead bu1k flotatlon. The aaln reason for 

this Is the difficulty associated vith handling and storing 

su1phur dioxide at the University, ovlng to its hazardous 

nature. Tests at Brunsvlck Hin1ng co.pared the use of zinc 

sulphate v1th sulphur dloxlde, and found that the aetallurgical 

resulta ach1eved using the tvo approaches are very similar. In 

soae teats on Hattabl ore sodlu. sulphite vas used as a 

substitute for sulphur diox1de. Results froa thla testvork are 

desclbed in Section 4.2. 
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FIGURE 3.4 - Diagrammatic representation of the Leeds flotation 

ceU used in the tests at McGill lhiversity. 
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,.&.LI 3.1: Yhe atandard flotatlon procedure for te.ta on 

8run.vlck Mlnlft9 or. at NcOlll Unlveralty: 

ORIND: 
aa.pl. alze 
alll 
charCJ· 
r.agenta 
pH 
pulp d.n.lty 

1 klloCJra. 
ateel rod al11 (ae. text) 
alld/atalnl ••• ateel roda 'a.a taxt) 
zlnc aulphate, 1200 CJ/t* 
natural 
2.1 Iq/lltre '64' .ollda) 

not.: alll pre-cleaned by C)rlndlnC) vlth alllca for 5-10 .lnut ••• 

PLOYATION CILL: 
lapellor ape.d 
froth d.pth 
pulp d.nalty 

'Ia-AII&,.IOII: 
,.l.e 
o.. flovrat. 
pH 

BULl PLOTA,.ION: 
Total flotatlon 

tlae 
collector. 
frother 
o.a flovrat. 

IIIIC PLO'I'A'l'ION: 
Copper Actlvatlon 

- actlvator 
- condltlonlnC) 
- pH 

flotatlon 
- collector 
- tla. 
- frother 

Leed. open-top, 2.5 litre 
1100 rpa 
1-2 centl.etr.a 
1.3 kC)/lltr. '31' aollda) 

10 .lnutea 
3-5 lltrea/alnute 
1.5, aodlfl.d by 11 •• 

• .lnut •• 
Sodlu. l.opropyl xanthate (total 80 9/t). 
"IIC 
3-5 lltrea/alnute 

Copper aulphate, 1200 C)/t* 
5 alnutea. 
10.0, adjuat.d ualn9 11 •• 

.odlu. laopropyl xanthate (total 10 9/t). 
7 to 11 .1nut.a 
NIIC 

• prepar.d each day. 

not.: Coll.ctor prepar.d a. l' .olutlon. 
Copp.r aulphate prepared aa 10' aolutlon. 
Zlnc aulphate pr.pared aa 10\ .olutlon. 
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7AIL8 3.21 7be atandard flotatlon procedure for te.t. on Mattabl 

Mine. ore at NcOl11 Unlver.lty: 

ORIIID: 
.a.ple al.e 
alll 
char9· 
r.agents 
pH 
pulp denalty 

1 kllograa 
at •• l rod alll Ca •• t.xt) 
al1d/atalnleaa at •• l roda Ca.e text) 
zinc aulphate, 1100 g/t- or aodlua aulphlt •• 
9.5, aodlfl.d by aoda a.h 
2.1 Kg/litre C64' aollda) 

not.: .111 pre-clean.d by grlndlng vith aillea for 5-10 .lnut.a. 

PLO,..,.IOM C8LL: 
1.p.llor ap.ed 
froth depth 
pulp d.nalty 

PRI-AUA'rIOIl: 
,.1 •• 
ca. f lovrate 
pH 

BULK PLO'I'A,.IOM: 
"otal flotatlon 

tl •• 
collectora 

frother 
Ga. f ItJvrate 
pH 

ZIMC PLO'I'A710M. 
Copper Activation 

- actlvator 
- condltlonlng 
- pH 

flot.tion 
- collector 
- tl •• 
- frother 

Le.da open-top, 2.5 litre 
1100 rp. 
1-2 centl.etre. 
1.3 kg/litre C31' Bollda) 

10 .lnut.a 
3-5 lltrea/alnut. 
9.5, aodlfled by aoda aah 

4 alnut •• 
Sodlu. ethyl xanthate, 2.5 g/t and 
dlthlophoBphate, 2.5 g/t-
Dovfroth 250 
3-5 Iltres/alnut. 
9.5, aodlfl.d by aoda aah 

Copper .ulphate, 1200 9/t-
5 .1nutes. 
10.0, adjuated ualng 11.e 

aodlua ethyl xanthate (total 10 g/t). 
., .lnutea 
NIBC 

• pr.pared .ach day. 

4Ct not.: Collector pr.pared aa 1\ aolutlon. 
Coppez aulphat. pr.pared aa 10\ aolutlon. 
Zinc .ulphat. or aodlu. aulphlt. prepar.d aa 10' 
aolutlon. 
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7AIL8 3.3: 7h. .tandard flotatlon procedure for t •• t. on Ildd 

Cr •• k Mine. ore, RD- dlvl.lon at McOill Univer.ity (5): 

OIIID: 
• a.pl. .1 •• 
• 111 
charg. 
reagent. 
pH 
pulp d.n.lty 

1 klloCJra • 
ateel rod .111 ( ••• text) 
.1ld/.talnle ••• te.l roda (.ee text) 
.1ne aulphate, 1000 g/t-
9.0, .odlfl.d by ll.e 
2.1 ICJ/litre (64' .ollda) 

note: .111 pre-cleaned by grlndlng vith .llica for 5-10 .inut ••• 

PLOT1710N C.LL: 
1.pellor .peed 
froth depth 
pulp den.lty 

P •• -A.RA'ION: 
71 •• 
o.. flovr.te 
pH 

BULl PLOfA7101: 
70tal flotatlon 

collector. 
frother 

tl.e 

o.. flovr.te 
pH 

ZINC PLOfA7ION: 
Copp.r Activation 

- activator 
- conditioning 
- pH 

flotation 
- collector 
- ti.e 
- frother 

L •• d. open-top, 2.5 litre 
1100 rp. 
1-2 centl.etre. 
1.3 kCJ/litre (31' .ollda) 

10 .lnut •• 
3-5 litr •• /ainut. 
10.5, .odifled by 11.e 

.. .1nut •• 
Sodlua 1.opropyl xanthate (total 20 CJ/t). 
MIIC 
3-5 litr •• /alnute 
10.5, aodlfled by li .. 

Copper .ulphate, 1000 g/t. 
5 .1nute •• 
11.0, adju.ted u.ing 11 •• 

.odiu. 1.opropyl xanthate (total .0 g/t). 
7 .1nute. 
MIBe 

• prepar.d .ach day. 

note: Collector prepared a. l' .olution. 
Copp.r .ulphat. pr.pared a. 10' aolution. 
Zinc aulphate pre,.red a. 10' .olutlon. 
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'l'AIL. 3.4: 'l'he .tand.Ed flot.tlon pEoce4ure for te.t. on 

BEun.vick Mlnlnv OEe at the plant 1.boEatory (3). 

ORIID: 
.a.ple .1ze 
alll 
charge 
re·vent• 
pH 
pulp den.lty 

PLO'l'ATIOIi C8LL: 
lapellor ape.d 
froth depth 
pulp den.lty 

PR.-A8RA'l'ION: 
'l'I.e 
o.. flovrate 
pH 

BULK rLO'l'lTIOII: 
Total flotatlon 

tl •• 
collectora 
frother 
o.. flovr.te 
pH 

ZINC rLOT1TIOII: 
Copper Actlvatlon 

- actlvator 
- condltlonln9 
- pH 

flotatlon 
- collector 
- tl •• 
- frother 

2 kllogra. 
ateel rod .111 (Denver .111) 
.talnle •• steel roda 
.ulphur dloxlde, 150 g/t. 
8.0, .odlfled by .oda a.h 
2.2 Kg/litre (", .011d.) 

••• co, 3 lltre 
1500 rp. 
1-2 centl.etre. 
1.9 kv/lltre (5~' .011d.) 

20 alnut •• 
valve fully op.n 
9.2, .odlfled by soda aah 

7 alnut •• 
Plant xanthate (total 50 9/t). 
MIBC 
valve fully op.n 
9.2, aodlfl.d by .oda a.h 

Copper aulphate, 700 git* 
10 .1nut ••• 
10.1, a4ju.t.d u.lng lia. 

plant xanthate (total 50 vIt). 
7 alnute. 
MIBe 

• prepared each dey. 

note: CollectoE pEepared a. l' solution. 
rrother prepared aa l' .olutlon. 
Copper aulph.te prepered aa 10' .olutlon. 
Zlnc .ulphate prepared aa 10\ solution. 
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A Fisher Sclentlflc "Accu.et" pH aeter (Model 815 P) vith 

assoclated electrode, vas used for pH .easureaent. Dlssolved 

oxygen aeasureaents vere made uslng an Orion Research dlsso1ved 

oxygen probe, model 97-08-00, llnked to the above meter. 

Pulp potentlals vere aonltored uslng a system descrlbed by 

Labonte (52). A gold coll electrode vas used as a senslng 

electrode and vas measured against a standard calomel electrode. 

Other factors (such as pH and teaperature) affect aeasureaents of 

pulp potentlal and vere accounted for uslng the 

lllustrated by Flgure 3.5. Heasurements vere processed on-llne 

using the program "FLOATAC" on an IBM· computer, giving read-outs 

at 6 second lntervals. 

3.3 SAHPLI PRBPARATION, ASSAY AND MBTALLURGICAL BALANCINO 

Samples fro. the flotation tests vere drled ln electrlc ovens at 

belov 100 deg C, again to avoid oxldatlon. The dried saaples vere 

veighed and, if necessary, split before being sent for assay. 

Most sa.ples vere assayed by Le Centre de Recherches Mlnerales in 

Sainte Foy (Quebec) , or at the respective alne a.say 

laboratorles. A mass balance vas generated from the results uslng 

the IBM-Lotus 1-2-3 spreadsheet progra •• 
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Eh-pIFFERENTIALI-------r--l 4-20 mA 
- AMPLIFIERS OUTPUTS 

gain-1 load- 250 ft 

P
H DIFFERENTIAL 

- AMPLIFIERS 
gain-10 for pH 

Temp. - gain-100for T 

-- TRIGGER & 
TIMING 

To data . acquisition 

FIGURE 3.5 - Block diagram of the readings used and how the y are 

welghted (amplified) in Labonté's potential 

measuring system. (from 52) 
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4. RJSUL,.S 

4.1 PLOTATION TESTVORK OH BRUNSWICK MINIMG OR. 

Perhaps the principal problea facing aetallur9lsts at Brunswick 

"ininq is the flotation separation of sphalerite and pyrite. The 

cur~ent flowsheet only allows a 30\ zinc rouqher concentrate 

grade to be produced, because of significant mis-direction of 

pyrite. As a result operators have to rely qreatly on the cleaner 

circuit to make grade, resulting in a relatively complex cleaner 

circuit and a relatlvely lov grade of zinc (51\) in the final 

concentrate. 

Recently, McGlll University has been involved ln research to find 

ways of 1aprovlng aetallur9Y in the z1nc circuit at Brunswick 

"inin9. Hill (39) concentrated on the aineralo9Y of the circuit; 

this thesis considers the chemistry behlnd pyrlte flotation. 

This thesis applies soae novel concepts, large1y derived froa the 

increased understandinq of flotation che.istry, to iaprove 

sele~tivity in zinc flotation. As discussed in Section 2.1, of 

part1cular 1nterest ls the possib111ty of collectorle •• flotation 

of pyr1te and the uae of nitrogen to i.prove zinc/pyr1te 

selectivity. 

The results 

flotation of 

tests did, 

descr1bed in this section show 

Brunsvick Min1ng ore is largely 

hovever, ident 1 fy that pyr 1 te 

ee 

that collectorless 

ineffective. The 

flotatian can be 
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strong1y proaoted in the presence of a ni troC)enated, or aore 

correctly, a d.-oxygenated environaent. A procedure vas developed 

by which a hiC)h-C)rade pyrite concentrate could be produced prlor 

to zinc flotatlon. 

4.1.1 Standard te.t and atatl.tlcal co.pari.on v1th plant r •• ult. 

In such a proC)ram of laboratory tests, it i5 important to dev.lop 

a standard procedure vhlch produces slmilar metallurC)lcal results 

to the respective production plant. As a consequence, the first 

part of thls section la devoted to deteralnlnC) standard 

conditions. As the chief area of interest is zinc,pyrite 

separation al1 tests C)enerally start vith a standard copper,lead 

bulk flotation staC)e. (This repeated bulk flotation stage acta as 

a continual check on test reproducibility.) 
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S.M.S. J std 
tests 

McGili 

lead recovery to concentrate, (t) 

lUI • 

FIGURE 4.1 - Grade vs recovery of lead to the bull< concentra te , 

from tests at BrW1swlck Minil'19 emp10ying the Brunswick Mlnlnq and 

McGill University standard procedures. 
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o 4.1.1.(a) a •• ult. fro •• tandard t •• ta •• ploylnt th. McGlll 

procedure. 

The te.ts on Brunlvlck Mlnlng ore in the McGlll Unlver.lty 

laboratory led to sliqhtly lover coablned copper, lead grades in 

the bulk rougher concentrate than those reported at the plant, at 

equal recoverles (see Table 4.1). 

When the standard Brunswick Mlning laboratory test procedure vas 

compared to the McGill procedure, using the saae .ill and 

flotation cell the respective results are similar (particularly 

at typlcal plant recoveries of 70', see Table 4.2 and Figure 

4.1). This suggests that the improved copper / lead flot.tion 

selectlvity ls a result of a specifie plant condition rather than 

the technique applied. A notable feature from this tcstvork is 

the equivalent effect of using sulphur dioxide and zinc sulphate 

on the flotation depression of pyrite and sphalerite. 

At McGill University, the ensuinq zinc flotation stage led ta a 

25\ zinc rougher concentra te grade at 72\ recovery (or 91.6\ 

recovery from the zinc flotation feed). Again, pyrite rejection 

in the plant vas better than in the laboratory test york, leading 

to a 34\ concentrate grade at 71\ recovery. This May be explained 

by the addition of the zinc scavenger concentrate to the feed of 

the plant zinc circuit, raising the zinc assay of the rougher 

feed. 

The 1aboratory testvork perforaed on-slte at Brunsvick Mlnln9 

included, ln each case, some form of pyrite flotation stage prlor 
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TABLI 4.1: Copper, lead, zinc, and Iron CJrade. and 
recoverles in the bulk flotation concentrat •• fro. 
laboratory tests at McGill University and Brunswick 
MlninCJ 112 plant 

test nuaber 10-301 plant data 

bulk copper/lead rougher 

grade 1 recovery CJrade 1 recovery 
(,) (" (, ) (" 

copper 1.14 1 76.1 1.50 1 76.4 
lead 10.60 1 75.3 16.70 1 76.1 
zinc 7.54 1 21.7 10.50 1 19.3 
Iron 33.85 1 27.8 28.27 1 17.8 

TABLE 4.2: Copper, lead, zinc, and Iron grade. and 
recoveries in the bulk flotation concentrates, fro. 
laboratory tests using McGill University and Brunswick 
Mlnlng laboratory procedures. Conditions vere othervise 
identlcal. Tests perforaed at Brunsvick Mlnlng. 

McGlll procedure BMS procedure 

bulk copper/lead rougher 

grade 1 recovery grade 1 recovery 
(" (" (" ( \' 

copper 1.63 1 57.8 1.58 1 69.4 
lead 18.72 1 67.6 19.89 1 12.3 
zinc 8.81 1 14.4 9.00 1 14.4 
Iron 22.99 1 13.4 27.53 1 14.8 

TABLI 4.3: Coaparison of aetal recoveries fro. bulk 
copper, lead rougher flotation durlng laboratory tests 
and on the plant. 

recoveries (" 
standard other labo plant 
te.t. test. data 

.ean aean s.d. aean 

copper 76.1 14.8 3.7 16.4 
lead 75.3 13.0 8.5 76.1 
zinc 21.7 18.8 5.2 19.3 
Iron 27.8 17.7 3.2 20.2 
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to zinc 

dlfferent 

rou~hin9. The zinc flot.tion feed, therefore, vas 

ln constitution ln these cases and the zinc flot.tion 

stages cannot be co.pared. 

In .. ost 

adopted 

tests a standard bulk copper,lead flotation stage vas 

prlor to pyrite and/or zinc flotatlon. Table 4.3 llsts 

metal recoveries froll bulk flotation ~n the standard test, on the 

plant, and the mean and standard devlation of all the other tests 

in the project. 

The table shovs that deviations fram the mean vere relat1vely 

slla11. As laboratory flotation tests are alvays subject to such 

variable conditions as ore quallty, vater qua11ty and gr1nd, 

resules have an lnherent inconslstency, these relatlvely lov 

standard deviations are judged acceptable. Table 4.3 also shovs 

that laboratory test results deviate only sliqhtly from the 

metallurqy achieved on the plant. At the 95\ confidence level, 

the deviations froll the plant results are inslqnificant. 
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4.1.2 Coll.ctorl ••• flot.tion of Brun.vick Minln9 or •• 

In this set of tests the potential for collectorless flotation of 

Brunsvick Hininq ore vas assessed. Tests ln the section folloved 

the sequence: 

collectorles. flot.tion 
\l 
bulk flotation (tests 10-101,10-102) 
\l 
zinc flot.tion 

Both alr and nitroqen were used as the carrler gases. 

Generally, no appreciable collectorless flotation of Brunswick 

Hinlnq ore in alr vas observed. Hovever, in one test a longer 

pre-aeration per iod resulted a 100\ improvement ln the 

collectorless recovery ~f chalcopyrite. The overall recovery of 

chalcopyrite, hovever, vas still less than 40\ (see Table 4.4). 

When a bulk concentra te vas floated vith collector after the 

collectorless float, the resulting copper and lead grades were 

lov, reflectlnq significant flotation of zinc and Iron sulphldes 

to the bulk concentrate (see Table 4.5). This in turn led to zinc 

recovery of only 60' to the zinc conc~ntxate, at a grade of 30\ 

zinc. Zinc flotation vithout prior bulk flotation led to a lov 

grade zinc concentrate due to the flotation of lead and copper 

sulphides vhich had been depressed during the previous 

collectorless stage. There appears, therefore, to be no advantage 

in incorporatinq collectorless flotation uslng air into the 

Brunsvick Hinlng flovsheet. 
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One teat vas run to check the collectorle.. flotatlon of 

Brun.wick aaterlal in nitroqen. The results vere s1al1ar to those 

ln air, shovlnq qenerally poor flotation of all alnerals (aee 

Table 4.6). 

Followinq f10tation of the collectorless concentrate, bulk 

flotation in nitr0gen usinq xanthate vas atteapted. These results 

are a1so outlined in Table 4.6, and indicate stronq flotatlon of 

pyrite and fairly strong flotation of 9alena. Other minerals 

floated poorly. 

The remalnder of the pyrite floated in the zinc flotation ataqe. 

As a result, on1ya lov qrade zinc concentrate could be produced. 

TABL8 4.6: Metal grade. and recov.rie. fro. collectorl ••• 
flot.tlon ln nltroqen of ore fro. Brunawlck Mlnlng, after 
qrindlnq and nltroqen condltioning. 

copper 
l •• d 
zinc 
lron 

copper 
le.d 
zinc 
Iron 

copper 
le.cS 
zinc 
Iron 

Collectorle •• 
gr.de (\) 
0.37 
4.81 
8.68 

26.30 

flotatlon concentrate. 
recovery (,) 

11.9 
15.8 
10.8 
11.5 

copper,lead bulk flotation concentrate 
gr.de (\) 

0.48 
4.91 
2.57 

39.09 

recovery (" 
30.7 
53.5 
10.3 
56.8 

zinc flotatlon concentrate 
grade (\, recovery (,) 

0.40 Jl.7 
3.28 26.2 

24.48 74.8 
22.51 24.0 
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~AILI 4.4: Metal vradee and recoverle. fro. collectorle •• 
flotatlon ln alr of ore froa Brunswlck Mlnlng, aftar 
grlndln9 and dlfferent levele of pre-aeratlon. 

te.t. 10-103,10-104 

pre-.aratlon 
tl.e (.ln' 10 

copper 
lead 
zlnc 
hon 

gEade/recovery 
(" (" 
0.62/ 16.1 
5.91/ 16.5 
7.62/ 9.4 

33.51/ 10.5 

10-102 

25 

vrade/recovery 
(" (" 
1.071 36.8 
5.601 20.0 
1.101 9.5 

28.101 11.8 

TAILI 4.5: The aetal grade/recovery relat1oneh1pe fro. 
flotat1on of the copper, lead bulk concentrate in te.t 
10-102. 

copper 
le.d 
zinc 
lron 

coppe~, lead bulk 
grade (" 

0.10 
9.51 
9.92 

30.24 
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flotation concentrat. 
recovery (" 

43.6 
61.1 
24.0 
24.1 



o 4.1.3 A ••••• ing the .ffect. of aeration and nitroqen on bulk 

flotatlon. 

The standard pre-treatment method used before bulk ~lotatlon 

involves up to 30 minutes aeration. This 1s believed ta depress 

pyrite and improve copper and lead grades in the bulk 

concentrate. (48) 

The results described in this section confirm the role of pre-

aeration in pyrite depression and extend this to show that 

nitrogen can promote pyrite flotation. 

The first tests omitted the aeration stage used at Brunswick 

"Ining (and commonly elsewhere). Short perlods of xanthate 

condltioning were used ln a nltrogen environment before each bulk 

flotation step. This resulted in strong' flotation of copper, lead 

and lron-bearlng mlnerals, as Ind1cated by the respective hlgh 

recoveries in Table 4.7. The amount of zinc mls-directed to the 

bulk concentrate, possibly by entralnment, limited the 

grade/recovery characteristics of the subsequent zinc float. 

Table 4.7 shows that an improvement ln zinc grade can be made by 

removlng the pyrite prlor to zinc flotation. 

The results from these tests show the value of pre-aeratlon ln 

attaining good pyrite depression. Flushing the oxygen out before 

xanthate condltioning apparently has no effect on the xanthate 

collection mechanism. As flotation was in air, it can be argued 

that the flotation gas provided the necessary oxygen for 

successful collector-mineral interaction. This is checked in the 

next section. 
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TilL. 4.1: .equentlal Plotatlon of bulk copper, lead and 
zinc concentrates in air folloving grinding, nitrogen 
conditioning and xanthate collection. 

te.t. 
10-209,10-210 

copper 
1ea4 
zinc 
Iron 

copper 
le.4 
zinc 
Iron 

lu1k copper, lead rougher concentrate 

9rade 
(" 

0.55 
5.15 
5.01 

38.12 

recovery 
(" 

82.5 
79.4 
34.4 
68.~ 

zinc rougher concentrate 

9rade ", 
0.19 
1.99 

32.96 
18.11 

recovery 
(" 

9.1 
8.7 

62.0 
9.1 

So far, the re.oval of oxygen durlng conditloning of the bulk 

flotation feed has strongly promoted the flotation of pyrite. To 

further assess the effect of deoxygenated environments on pyrite 

flotation, the next tests avoided the use of air at any stage 

after grindlng. The results are sum.arisad by Table 4.8. 

The overall recoveries of all four elements ln tvo of the three 

tests vere over 80\. As nitrogen vas used throughout the tests 

this suggests that the use of nitrogen does not i.pede collector­

mineraI interaction. Whether pyrite is beinq promoted by nitrogen 

is unclear from thls testvork. It could be argued that air 

4r flotatlon without pre-aeration vould produce the same result. 

This ls checked ln the next section. 
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-rAILS 4.8: 1'10tat lon of (1) a bu1k copper, 1ead 
concentrate and (2) • zlnc concentrate vith xanthate, ln 
nltrogen fo110v1n9 9rlnd1ng and nltroq.n cond1tloninq. 

(1) 
ref 

copper 
1 •• d 
z1nc 
1ron 

(2) 
ref 

copper 
1 •• d 
z1nc 
Iron 

bulk copper, le.cS f lotat 10n 
10-208 10-205 10-206 

qracSe/recovery qracSe/recovery grade/recovery 
(,) (\, (\) (,) (,) (,) 

1.151 64.4 0.531 84.7 0.481 84.8 
3.581 18.0 4.891 81.4 S.151 85.2 
4.741 12.4 4.221 28.8 5.061 38.1 

37.411 23.7 38.841 75.7 38.661 80.0 

zinc concentrate 
10-208 10-205 10-206 

grade/recovery 9rade/recovery grade/recovery 
(,) (\) (\) (,) (,) (, ) 

0.331 11.5 0.201' 8.8 0.191 6.4 
8.021 25.4 1.761 8.1 1.411 4.7 

27.44/ 45.0 35.241 66.6 39.711 55.5 
18.37/ 31.0 17.211 9.3 13.441 5.2 

Each individual result Is 1ncluded in Table 4.8 ta shov that the 

action of nitrogen in promoting pyrite flotatlon directly after 

grinding and nitroqen conditioning, can be unreliable (compare 

Tests 10-208 and 10-206). While the occasional depression of 

pyrite can be explalned using our current understanding of 

flotation electrochemlstry, throuqh a lover pulp potential, thls 

vould not explain the depreaalon of galena. 

Zinc flotation la hlqhly sensitive ta the metallurqy achleved ln 

the prevlous stage (bulk flotatlon). Where substartlal flotation 

of copper, lead and lron sulphldea has been achleved as ln 10-20S 

and 10-206 zinc grades and recoveries are hlgher. 
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The object of the next set of tests vas to assess whether the 

promotion of pyrite could be attributed to the use of nitrogen or 

the omission of a pre-aeration stage. Strong flotation of copper­

and lead-bearlng minerals vas conslstently observed. Pyrite also 

floated strongly, and this is reflected in the poor copper, lead 

grades. 

Eliminating pre-aeration had little effect on zinc recovery ta 

the copper, lead bulk concentrate. Zinc recovery increased froll 

18\ to 21\ indicating, perhaps, more entrainment ln the bulkler 

concentrates. The ensuing zinc flotation produced lov grade zinc 

concentrates as illustrated by Table 4.9. 

Once again the value of pre-aeration in depression of pyrite has 

been shovn. The results here suggest that pyrite vill be 

activated by any de-oxygenating system ( such as conditioners and 

thickeners), but nitrogen conditioning and nitrogen flotation 

still lead to the strongest pyrite flotation, as illustrated by 

Figure 4.2. 

PIGURE ".2: Su •• ary of the effect of dl fferent gases and pre-

treat.ent eteps on the recovery of pyrite ln bulk flotation. 

pre -treataent flotation pyrite recovery (\, 
(condltlonin9' gas 

0 20 40 60 80 
nl trogen 3 ain nltrogen 80\ 111111111111111111111111 

ni trogen 3 .in air 68\ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 Il 1 1 1 

none air 45\ 11111111111111 

alr 10 .1nutes alr 20\ 1111111 
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TABLI 4.9: Plotatlon of (1) a bulk copp.r, 1 •• 4 
concentrate and (2) a zinc concentrate in alr vith 
xanth.te, after 9rlnd1ng, no pre-condltlonlng. 

(1) 

copper 
1 •• d 
zinc 
Iron 

, 2) 

copper 
lead 
zinc 
Iron 

Cu,Pb concentrate 

grade , ,) 

0.8 
9.8 
5.9 

32.4 

grad. ,,) 
0.2 
1.6 

21.3 
23.6 

.ean 
r.covery 

(" 
81.4 
82.6 
22.4 
45.4 

zinc flotation 
a.an 

recovery 
(,) 
13.8 
10.4 
62.2 
26.3 

Repeated tests have shovn that the use of nltrogen can pro.ote 

the flotation of pyrite. They have also shown that nitrogen has 

little effect on the flotation of unactlvated sphalerlte • So the 

use of nitr0gen can promote pyrite flotation selectively from 

sphalerite. Such removal of pyrite can improve the ensulng zinc 

flotation concentrates 9rade. For thl. effect ta be useful, 

pyrite must also be extracted separately from the copper and 

lead-bearin9 .lnerals. To this end, a bulk float 18 now produced 

in the conventional vay, folloved by pyrite flotation. 
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4.1.4 P10tatlon of a selective pyrite concentrate afteE .tand.Ed 

coppeE, l.acl bulk flot.tion. 

ln th .. a section, the use of nltEoqen for the selective re.oval of 

pyrite after standard copper,lead bulk flotation Is considered. 

Resulta show that alr f10tatlon of the pyrite recovers only 23\ 

of the Iron fro. the bulk flotation tails. The use of nitrogen, 

hovever, leada to conslderably hlqher recoverles of pyrite. 

standard copper, lead bulk flotation stage result. fro. these 

tests follov those established ln Section 4.1.1 (see Table 4.10). 

Table 4.10 ... lso shows that furttaer flotation in air yle1ds a 

pyrlte concentrate vith both lov grade and recovery of pyrite. 

TABLI 4.10: Standard flotation of a coppel', lead bulk 
conc.ntrate, folloved by the flotation of a pyrite 
rougher concentrate in air. (Test 10-202) 

.etal bulk flot.tion pyrite flot.t10n 
grade Eecovery C)Eade recovery 
(, ) (\) . (\) (,) 

copper 1.45 68.4 0.24 9.3 
lead 15.16 74.0 3.05 12.0 
zinc 9.13 16.4 1.4 12.2 
1Eon 29.15 18.5 36.0 11.4 

Pyrite scavenger flotation was next atteapted usinq nitrogen and 

air in dlffeEent tests. The resulta are compared ln Table 4.11 

and Figure 4.3, vhlch shows that vhi1e flotation ln air had 

reached its recovery limlt, the use of nitroqen activated the 

pyrite, flotation yleldlng .uch i.proved grades and recoveries of 

irone 
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zinc 

pyt"ite f:~tat:'cn 

flotation 

rcugher sC3venger 
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flotation time (minutes) 

FIGURE 4.3 - Recovery of pyrite as a functlon of flotation Ume, 

showing the effect of ni trogen on pyrite flotation. 

Carrier 9as used: 

bulk flotation 
pyrite rougher 
pyrite sC.lvenger 
zinc flotation 
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TABLE 4.11: 'the flotation of • pyrite scavenC)er 
concentr3te folloving bulk copper, lead flotation and 
pyrite rouCJher flotation. Results show the effect of 
nitroC)en on the pro.otion of pyrite. (tests 10-202,10-204) 

copper 
1e.«2 
zinc 
Iron 

pyrite scavenger flot.tion 
air nltroqen 

grade recovery grade recovery 
(\) (\, (\) (\, 

0.18 
2.95 

11. 80 
26.60 

0.56 
0.35 
0.51 
0.41 

0.08 
1.07 
4.47 

41. 04 

6.7 
8.6 

ll.7 
45.7 

Sa far, nitroCJen has only been used to scavenge the pyrite not 

floated by a prior rougher flotatlon stage using air. Both 

rougher and scavenger pyrite concentrates vere next floated 

solely in nitrogen. 

Table 4.12 shovs that the bulk copper, lead flotation results 

correspond to the results from standard bulk flotation tests. 

Again nitrogen promoted pyrite flotation leading to good grades 

and recoveri~s of lron. Some collector vas needed, between 10 and 

20 g/tonne of sodium isopropyl xanthate. Significant quantlties 

of zinc agaln floated vlth the pyrite concentrate. 

TABLE 4.12: Standard flotation of a 
concentrate ln air,then pyrite flotation 
.ean result fros tests 10-204 and 1~-21l. 

copper, lead 
in nltroC)en, 

.etal 

copper 
1ead 
zinc 
1ron 

bulk flotation 
qrade recovery 

(\, ,\) 

1. 28 
11.90 

7.98 
29.24 

74.8 
66.5 
17.6 
20.7 
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pyrite flotatlon 
grade recovery 
(') (,) 

0.11 
1.88 
5.95 

19.18 

ll.4 
24.3 
29.3 
'4.3 
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The effect of removing the pyrite concentrate on zinc flotation 

aelectlvity la nov considered. Figure 4.4 shows the grade of zinc 

concentrate floated as a function of zinc recovery, based on the 

zinc flotation feed. The zinc flotation characterlstics of, 

flrst, the test including prior pyrite removal using nitrogen 

and, second, the standard test are high1ighted. It indlcates that 

by selectively removing the pyrite, the selectivity of the 

subsequent zinc flotation stage is improved. 

The recovery of zinc ia, hovever, limited by the prior .18-

direction of zinc to the bulk copper, lead and pyrite 

concentrates, as shown by the zinc recovery vs time curve 

J i11ustrated by Figure 4.5. The 40\ zinc concentrate vas floated 

at a recovery of 54\ based on plant feed, indicatlng an 

improvement of 15\ in the zinc grade but at a cost of 17\ in zinc 

recovery to the pyrite concentrate. The grade of Iron in the zinc 

concentrate dropped from 20\ to 12\. The next section addresses 

the problem of zinc 10ss to the pyrite concentrate. 

4.1.5 Reduclng the .aount of zinc loat to the pyrite concentrate. 

Resulta from the previous tests have shown that hiqh grade pyrite 

concentrates can be floated from Brunswick Hining ore with 

minimal amounts of collector added. Copper activation and 

xanthate flotation of the pyrite flotatlon talls then yields a 

zinc concentrate of higher grade than ls achleved throuqh the 

( conventional route. 
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The chief .etallurgical problem vlth the process ls the 108s of 

zlnc that 18 aS80clated vlth the pyrlte concentrate. Ll.ltlng the 

loss of zinc to the pyrite concentrate and/or recoverlng It frua 

the pyrite concentrate 18 fundaaental ta the economlc vlabllity 

of the proposed treataent route uslng nitrogen recovery of 

pyr 1 te. 

The work identified tvo ways to mini.lse this loss of zinc: 

* Mini.ising collector addltion in nitroqen flotation of 

pyrlte. 

* Floatinq the zinc from the pyrite concentrate through 

copper activation and reverse flotatlon ln air. 

Table 4.13 correlates the amount of collector added durlng 

nitrogen flotatlon, vith the recovery of zinc and Iron to the 

pyrite concentrate. Zinc flotation to the pyrite concentrate can 

be limited by usinq as little collector as possible durinq pyrIte 

flotation. It a1so ~hows that at les! than 10-20 q/tonne 

collection addition, the amount of pyrite floated ls qreat1y 

reduced. Therefore 10-20 g/tonne i8 the optimum addition rate. 

'l'ABLS 4.1l: The effect of eollector dO •• ge rate on the 
aaount of zinc and Iron reporting ta the pyrite 
coneentrate during nltroqen flot.tion. 

teat collector doa.ge iron zlnc 
nuaber rate reeovery recovery 

(CJ/t) (" (" 
10-201 nll 46 13 
10-203 10 37 11 
10-204 10 51 17 
10-501 20 61 23 
10-213 20 65 12 
10-209 10 80 14 
10-210 80 76 19 
10-211 100 80 li 
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Followinq flotation ln nltrogen, the pyrite concentrate 1. 

repulped and the pH adju.ted to 10.5. Copper Ion. are added to 

activate the .phalerlte and after 5 alnutes conditloning vith air 

xanthate collector 18 added. A reverse zinc concentrate il then 

floated in air, the air servlng to depress the pyrite. The 

recovery of zinc to the reverse concentrate is variable, probably 

beinq sensitive to conditions not fully understood al yet. In 

tests at McGill University, the a~ount of zinc recovered fro. the 

pyrite concentra te has been ll.lted (see Table 4.14). Tests on-

site at Brun~wick Hining achieved significantly better recoverie. 

of zinc as described ln the next section. 

Pyrite remaina depresaed during reverse zinc flotat!on, the 

recovery of Iron being only 3.0\. However starvation Quantltles 

of xanthate (10-20 g/tonne) must be used in the pyrite flotation 

stage to ensure pyrite depresslon at this stage. While no resulta 

are reported here, it was observed that pyrite floated in 

nitrogen uslng hlgher collector addition could not be depressed 

in the reverse flotation stage. 

TABLE 4.14: Metallurgleal balance fro. zinc reverae 
flotation ln air (test at McOlll Unlversity). 

(Sequence - Standard bulk copper, lead flotation; pyrlte 
flotation ln nltrogen; pyrite talle to zinc rouqher, 
pyrlte coneentrate to zinc reverse flotation) 

test 
product 

eopper 
lead 
zlnc 
lron 

10-213 
pyrite flnal conc. 

grade/reeovery· 
(,) (\, 
0.11 11.8 
1.48 92.1 
4.86 63.5 

40.50 91.0 

zinc rever •• cone. 
grad'l/r.cover y. 
(" (\, 
0.21 12.2 
1.13 1.9 

39.26 36.5 
11.33 3.0 

• note: recoverle. based on reveree flot.tion f •• d. 
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4.1.& ~ •• ta p.EfoE •• d on-ait. at th. 112 plant, 8Eun.vlck 

This sectlon vas deslgned to check for any effects on nltrogen 

flotation of differences in procedure, vater typ~ etc. betveen 

the standard McGlll flotation procedure and the standard 

Brunsvick procedure. 

The fundamental dlfference betveen the tvo procedures 15 the use 

of zinc sulphate in the qrlnd at McGill Unlverslcy, as aqainst 

sulphur dioxide. The testvork repeated some of the vork already 

performed, notably co.paring the floatability of pyrite in air 

and in nltrogen, and then checked the effect~veness of the 

reverse flotation step on the pyrIte concentrate. 

Bulk flotatlon results are si.iIar to those usinq the standard 

McGill procedure. 81\ of the lead f10ated at a grade of 14.7\ and 

74\ of the copper floated at a qrade of 1.0\. Once again pyrlte 

flotatlon in air vas ineffectlve, recovering 12\ of the iron 

based on the ml1l feed, at a grade of 39\. 

Pyrite flotation in nitrogen vas successful. The nitrogen 

actlvated the pyrite, leadlnq to an iron recovery of 53\. The 

froth vas, hovever, vls1bly more brittle using the Weaco cell at 

Brunsvick Minlng than vas the case vith the tests uslng the Leeds 

celi at McGlll University. As a result the froths vere shallover 

and per.ltted aore zinc to be carried over vith the pyrite. The 

~lnc grade of the pyrite concentra te vas 6-8\. 
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Lo.. of zinc to the pyrite concentrate 1. refleeted ln Ita lov 

recovery to the zinc coneentrate. At first si9ht the zinc qrade 

(32') is also low, but closer inspection of the results reveals 

this ls becauae recovery Is hlgh (97\ of the zinc ln the zinc 

flotaticn feed is recovered to the concentrate). Fi9ure 4.6 shov. 

the concentrate grade achieved as a function of zinc recovery, 

based on zinc flotation feed. This Is compared with the same 

relatlonshlp from a standard test at McGlll, and shows that the 

results correspond vith those described earlier. 

Zinc reportlng to the pyrite concentrate was readlly recovered 

through reverse flotation under the conditions prevailln9 at 

Brunswick Hining. A pyrite concentrate, floated in nitrogen 

fOllovlng standard copper, l~ad bulk flotatlon, vas cleaned 

t~~ough reverse flotation of the zinc in air. A zinc concentrate 

contalnlng 32\ zinc was floated, recoverin9 more than 70' of the 

zinc from the pyrite concentrate as outlined in Table 4.16. 

TABLI 4.16: Met.llur91cal balance fro. the rever.e 
flotation of zinc fro. the pyrite coneentrate. 

(Sequence - Standard bulk copper, lead flotation; pyrite 
flotation in nitroqeni pyrite taila to zinc rou9her, 
pyrite concentrate to zinc reverse flotation,) 

product 

copper 
lead 
zinc 
Iron 

t •• t 10-403 

pyrite final conc. 
9rade/recovery 
(,) (,) 

0.12 84.0 
1.20 79.2 
2.14 28.8 

42.72 92.2 

zinc rever.e conc. 
9rade/recovery 

(,) (,) 
0.14 16.0 
1.93 20.11 

32.37 71.2 
22.05 7.8 

* note: recoveriea baaed on rever •• flot.tion feed. 
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The aetallurgical balance for thls test Is au •• ar laed by Figure 

4.7, whlch ln turn la co.pared vl th the conventlonal route Ln the 

next sect lon. 

4.1.7 Suaury of the aetallurqy achleved through pyrite flotatlon 

vith nltroqen and zinc reverse flotatl"n ualng aIr. 

Flgure 4.7 summarises the results achieved in these tests froll 

the use of the proposed process on Brunswick Hining ore. It shows 

that zinc rougher flntatlon achieves a grade of 38' at 67\ 

recovery. This 1s conslderably better than the grade of 25\ at 

72' recoveIy, achieved through the conventlonal route. An overall 

co.parlaon of results la 111ustrated ln Table 4.17: 

TABLa 4.17: Iron and zinc aetallurgy data fro. the 
propoaed treataent route uaing flotation of the pyrite 
coneentrate and zinc rev.rse flotiltion, coapared vith the 
conventionill route. 

Bulk flotation 
grade (" 
recoveEy(\ ) 

Pyrite flatation 
grade (" 
recovery(\) 

Zinc flotiltion 
grade (" 
recovery(\) 

Plnal talla 
grade (" 
recovery(\) 

propoaed route 
re Zn 

29.7 
24.1 

42.7 
40.4 

15.8 
9.2 

19.7 
26.3 

9.5 
23.2 

2.1 
6.1 

38.4 
67.2 

0.9 
3.5 

11 

conventional r~ute 
Pe Zn 

33.8 
27.8 

20.5 
16.7 

24.9 
55.5 

7.6 
21.7 

25.1 
71.8 

0.8 
6.5 
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Pb; 15 / 81 
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Zn; 10 / 23 

1 combined zinc rougher ~~nc: 
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pyrite concentrate: 

Fe; 40 / 44 
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Fei 43 / 40 
Zn; 2.2/ 6 

FIGURE 4.7 - Fe & Zn metallurgical balance from test incllkling zinc 
reverse cleaning. 
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4.1.1 Prellalnary .n.1Y81a of the cb •• latry of nltrot.n flot.tlon. 

Nitrogen Is an inert g •• and is therefore not likely to play a 

che.ically actl~e role ln the pro.ot10n of pyrite. To conflr. 

thls argon was used in the place of nltrogen. Test 10-501 

representa one result from th!a work. It ahovs that argon a1so 

pro.oted the flotation of pyrite, 60\ of the Iron belng recove~ed 

us1ng 20 g/tonne of xanthate, at a grade of 38\ irone 

Soae zinc was ~gain floated off the pyrite concentrate, producing 

• 33\ zlnc concentrate at 26\ zinc recovery. The results are 

therefore si.ilar to those achleved at McGlll University using 

nitrogen, Ind1catinq that pyr1te flotatlon ln argon followa the 

sa.e aechanisa as in nitrogen. This confirma that nitrogen plays 

no direct role ln the promotion of pyr1te flot.tion. 

The promotion of pyrite flotat10n i8 unlikely to be potential 

related. Pulp potential ahould fall v1th the use of n1trogen, 

vhich should depress pyrite, according to current electrocheaical 

knovledge of flotation. Figures 4.8 and 4.9 ahow how pulp 

potential varies vith Iron recovery during flotation tests ualng 

a1r and nltrogen durln9 the pyrite flotat10n stage. N1trogen 

slowly drops the pulp potentlal vhile at the aa.e tl.e pro.oting 

pyr1te flotat10n. The rate at vhich the pulp potential drops 15 

slow, dropplng less than 100.V throughout the 25 minutes of 

nltrogen cond1tlonlng and flotatlon. Its effect la a.all ln 

coapariaon to the effect of copper sulphate or variations in the 

pH. 
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and pyrite flotability t1rough test including bulk, 
pyrite and zinc flotation in air. 
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4.2 PLOI&TIOH ~ •• ~.ORK 01 K&~'81 MIl •• OR8 

Unllke at Brunswick Minlnq, 

serious probleas at "attabi. 

zinc flotation does not pose any 

However, copper,lead bulk flotation 

and subsequent separation are difflcult. This testwork describes 

the effect of collectorless flotation on the ore, and assesses 

the effect of varylnq the collector dosaqe rate. So.e work 

exaalninq the effects of sulphite ions and nltroqen on pyrlte 

flotatlon Is Included. 

Results show that: 

* collectorless flotation recovers 

chalcopyrite and 40\ of the galena, 

the pyrite and sphalerite. 

aore than 80\ of the 

while rejecting 90\ of 

* SUlphite 10ns ald pyrite rejection from a bulk concentra te 

floated with collector. 

* hltrogen pro.otes pyrlte flotation although its effect is 

11alted by the presence of sulphlte 10ns. 

Tests perfor.ed recently in the laboratory (56) have confir.ed 

so.e of the observations .ade above. Some results 

tests, p~rfor.ed on ore from Hattabl's Lyon Lake 

Included ln thls report. 
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4.2.1 Dey.lop •• nt of .tandard conditions. 

Consistent selective flotation of a copper, lead concentrate 

proved difficult and the combined copper/lead grade in the 

concentrate (see Table 4.18) never exceeded 14'. This Is lover 

than the 25\ normally achieved on the plant. The lover copper, 

lead bulk concentrate 9rades vere due to flotation of excess 

pyrite. 

TABL8 4.18: Coaparison of the grade/recoyery 
characterlstlca of copper, lead, zinc and Iron froa the 
flotatlon of the bulk copper, lead concentrate durin9 
Test 11-103 and at Mattabl alnea. 

cooper 
lead 
zinc 
lron 

Copper/lead 
Lab.standard 

gradel recovery 
(,) (,) 
7.801 70.4 
6.791 55.8 

11.631 7.2 
26.381 5.4 

bu1k rouC)her 
plant data 

9radel recovery 
(,) (" 

13.001 75.0 
12.001 75.0 
10.001 3.4 
15.551 1.8 

Zinc flotation reaulta fro. the laboratory te.t~ vere aore 

consistent vith plant performance (see Table 4.19). They also 

shov that aphalerite can be floated Quite effectlvely fro. the 

pyrite. 
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~&8L. 4.19: CoapaElaon of aetal 9Eades and EecoveEle., 
zlnc flotatlon ln te.t 11-103 and on the plant at Mattabl 
Mlne •• 

coppeE 
lead 
zlnc 
lEon 

zlnc Eou9her 
te.t 11-103 

9radel reeovery 
(" (" 
0.551 17.0 
1.101 30.9 

42.431 90.4 
14.981 10.6 

coneentrate 
plant data 

9radel reeovery 
(" (,) 
0.401 14.5 
0.401 15.8 

43.001 92.7 
15.701 11.3 

The standard tests refleet the metallurgical problems experienced\ 

processing Mattabl ore on production scale. Bulk eopper,lead 

flotation generally ylelded poor coablned copper,lead grade •• 

Zinc flotatlon hovever produced good grades and recoverles. 

The testvork, therefore, concentrated on the probleas assoclated 

vith copper and lead flotation, vhile also assessing the abllity 

of nitrogen to promote pyrite flotatlon. 

4.2~2 ~he effect of collector on the charaeterl.tlc. of coppeE, 

lead bulk flotation of Mattabi ore. 

In test 11-301 a collectorless concentrate vas floated after 

grlndlng. High recovery of chalcopyrite vas achieved (85" while 

only 45\ of the qalena vas floated as lilustrated by Figure 4.10. 

Little flotation of sphalerite and pyrite was observed. 

Follovinq-up these results, M. Leroux at McOlll University (56) 

has recently tested collectorless flotatlon on ore from the Lyon 

() Lake deposlt, now belnq .ined by Mattabi Mines Ltd. Once aqain 

eollf·ctorless flotation recovers aore than 80\ of the copper 
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FIGURE 4.10 .. Collectorless bulk flotation. Recoveries of Cu, Pb, 
Zn and Fe against flotation time. 
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o alnerals, wh1le recover1ng 60' of the galena. Pyrite and 

sphalerlte did not respond to collectorless flotation, and the 

resultlng copper,lead coablned grade vas superior to that uslng 

collector. The respective copper rougher grade-recovery 

relatlonships for flotation vith and vithout collector are 

illustrated by Figure 4.11. 

The same serles of tests revealed that collectorless flotation 

using nltrogen also recovered almost 90\ of the copper minerals. 

The use of nitrogen appeared to reduce the flotatlon recovery of 

galena (see Figure 4.12). 

At 5 g/tonne xanthate addition, the recovery of galena vas raised 

to 76\, that of copper, lron and zinc sulphides remalnlng 

virtually unchanged (Figure 4.13). At 40 g/tonne xanthate 

collection the recoverles of lron and zinc sulphldes begin to 

rise (Figure 4.14', 

4.2.3 Mltrogen flot.tion of Hattabl ore 

In Test 11-204, 20 minutes nltrogen condltlonlng preceded bulk 

flotatlon ln nltrogen. Zlnc sulphate vas added to the .111 at pH 

9.5 as the pyrite/sphalerite depressant. A bulk concentr.te 

containing 44\ Iron at 84\ Fe recovery vas floated. The bulk 

flotatlon lron grade/recovery relationshlp Is lllustrated by 

Figur~ 4.1~. 

!), Under identlcal conditions, pyrite flotation in air (Test 11-

203) 13 mu ch les. effective. Table 4.20 compares the tvo results: 
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TABLI 4.20: Co.pariaon of reaults fro. standard copper, 
lead flotatlon ualn9 nltrogen and air aa the gaa phaae ln 
flotation. 

copper 
lead 
zinc 
Iron 

Copper/lead 
uaine) nltroe)en 
grade/ recovery 

(,) (,) 
0.63/ 52.9 
0.75/ 61.2 
2.15/ 11.9 

44.24/ 83.8 

bulk rouCJher 
u81ng air 

grade/ recovery 
(,) (') 
2.29/ 84.0 
1.84/ 62.8 
4.17/ 11.9 

40.22/ 33.7 

Copper recovery to the bulk concentrate vas reduced during 

nitrogen flotation as 11lustrated ln Table 4.20. Lead and zinc 

recoveries vere unaffected and pyrite recovery more than doubled. 

This result confirms the observations made during Brunsvick 

Hlning testvork that nltrogen can promote the flotation of 

pyr 1 te. 

The use of zinc sulphate as a zinc depressant, maintained as 

standard for tests at HcGi11 University, resulted in very po or 

copper,lead grades in the bulk concentrate. Combined copper,lead 

grades vere 4-6' desplte recoveries of 55-85' as a result of 

relatlvely strong flotatlon of pyrite. A typical example of this 

Is lilustrated by Table 4.20. 

Sodium sulphite vas much more effective at reducing pyrite 

flotation and led to copper,lead coabined grades closer to (but 

still lover than) those obtained on the plant as illuatrated by 

Test 11-103 (Table 4.18). Combined copper/lead grades rose to 10-

14' at similar (55-85\) recoveries. Figures 4.16 and 4.17 

illustrate more clearly the effect of sodium sulphite on pyrite 

depression. In both cases excess xanthate vas added to 
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dellberately float the pyrite and thls led to a 

dlfferential betveen recoverles. It Is clear that sodlua sulphlte 

can strongly, and selectively depress pyrite. 

Tests usin; sulphlte Ions ln air flotation of Lyon Lake ore also 

shoved that pyrite cou1d be selectively depressed, thls tla. at 

lover dosage rates. 

The effect of sodium aulphlte on nltrogen flotatlon of pyrite la 

complexe With sodium sulphite added to the .111, If bulk 

flotatlon is conducted in nitrogen, the recovery of pyrite ia 

r6latively love However, If flot_tion ls perfor.ed ln air after 

nitrogen condltionin; then slgnificantly aore pyrite 

recovered. Table 4.21 aummarlses these results: 

TA8LI 4.21: Iffect of nltrogen conditlonln9 and flot.tlon 
on the .etal grade/recovery relatlonahlpe of bulk 
copper, lead, Iron flotation - .ft., 1000 g/tonn •• odlua 
sulphlte addltlon to the .111. 

condltlonlng 
ga ••••••• nltro9·n nltrogen air 
flotatlon 
ga ••••••• nltro9·n alr air 

grade/r.covery grade/recovery 9rad./recov.ry 
(" (" (\, (\, (" (" 

coppet 2.231 53.8 1.85/ 17.9 5.261 81.1 
lead 2.231 5'.5 1.55/ 60.1 4.801 16.0 
zinc 6.051 9.3 3.891 11.1 11.601 13.4 
Iron 31.991 19.4 41.061 39.6 21.771 10.9 

Halntalnlng a nltroqenated environ.ent throughout seems, ln this 

case, to depress both pyrite and chalcopyrite flotation. This is 

contrary to earller results using zinc sulphate. Hovever lt does 

follov results fro. slmllar tests on Brunswick Hlnlng ore, vhere 

nitrogen flotation vithout any air contact vas fvund to be 
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erratlc. It therefore seeas that under certain conditions 

nitrogen fall. to pro.ote pyrite flotatlon. The affect of 

sulphlte addltlon and nltrogen on pyrlte flotation la 111u.t~at.d 

by Figure 4.18. This plots lines of equal pyrite recovery at 

varylng levels of nitrogen condltlonln9 and sulphlte additlon and 

shovs that nltrogen ls only effective when the sulphlte addition 

rate Is lovo 
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4.3 ~18~.ORK OH KIDD CR.IK ORI 

"D" division at Kidd Creek Mines treats a partlcularly difflcult 

ore. Both copper and l •• d ~on~.ntrat •• are lov qrad. and pyrite 

reverse flotation Is included in the zinc circuit to re.ove a 

hlqhly floatable pyrite constituent. 

With pyrite flotation already incorporated into the circuit, the 

potentlal use of nitroqen to promote pyrite flotatlon ls of 

particular interest. Impure nitrogen 18 aval1able locally &0 the 

effect of iapure nltroqen vas tested on the Kidd Creek ore. 

Ali tests include a standard bulk copper,lead flotation stage 

folloved by flotatlon of pyrite under different conditions, and 

flnally the flotation of sphalerite in air. As vith the Brunswick 

Hln1ng tests, the presence of the bulk flotatlon stage prlor to 

pyrite flotation helped to check the reproducibillty of 

condit1ons such as ore, water and reagent quality, gr1nd and 

flotation cell performance. 

The test resulta lncluded ln this section show that gases 

vith up to 5\ oxygen still promote pyrite flotation. 
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4.3.1. Check on the reproduclblilty of conditions and co.par1son 

vith plant reaulta. 

Figure 4.19 lilustrates the copper and lead grade/recovery bands, 

during bulk flotation in the four tests reported. They show that 

the results fro. the four tests agree reasonably well, Implyinq 

that flotation conditions remained the saae throughout the 

testwork. 

A signif1cant loss of sphalerite to the bulk flotation 

concentrate was observed. The recovery of sphalerlte to the bulk 

concentrate varied from 18\ to 36' leading to zinc grades of 

13.5\ to 15' in the bulk concentrate. Pyrite flotation to the 

bulk concentrate was consistently 11-12\ except for test 12-101 

when it reached 19\. The iron grade was 24-25'. 

In each case, the zinc f1otation feed varied in composition so 

it ls laposslble to dlrectly coapare zinc flotation performance. 

In qeneral, recoverles are low due to the mis-direction of zinc 

to bulk and pyrite f1otation concentrates. 

4.3.2. 8ffect of nltroqen content on the selective flot.t\on of • 

pyrite concentrate. 

Table 4.22 lilustrates the effect of varylng the nltrogen, or 

oxygen content of the flotatlon gas on pyrite recovery and the 

dissolved oxygen content in the pulp llquor. 
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'AIL. ..22: 'a.tvork on K1dd Creet Mlne., ·D- dlvi.lon 
ore, .hovln9 effect of nltrogeft content on pyzlte 
flotatlon and dl •• olved oXYgen content ln the pulpe 

te.t nuaber 

12-101 
12-104 
12-103 
12-102 

nltr0gen 
content 
ln ga. 

(" 

10 
90 
95 

100 

pyrlte 
recovery 

(,) 

7.50 
6.80 

22.14 
35.97 

dl •• olved 
oXYgen 
ln pulp 

(ppa, 

7.8 
5.7 
2.5 

<0.5 

The use of gases with 5\ oxygen or less pro.otes the flotatlon of 

pyrite. This further confirms the observations made from testwork 

on the two other ores. Table 5 also .hows the effect of varylng 

the oXYgen input on the dlss01ved oxygen content of the pulp. In 

each test, the dissolved oxygen level adjusted to reach an 

equilibrium dependent on the oxygen content of the gas bubbled 

into the cell, which 15 further 1llustrated ln Figure 4.20. 

Table 4.23 shows the effect of varying the nitrogen content on 

the grade and recovery of sphalerite to the pyrite concentrate. 

It shows that the zinc recovery to the pyrite concentrate i. 

largely unaffected. 

TABLE 4.23: 'he affect of nltr0gen content ln the 
flotatlon 9a., on the grade and recovery of .phalarlte to 
the pyrite concentrata. 

te.t nuaber 

12-101 
12-104 
12-103 
12-102 

nltr0gen 
content 
ln ga. 

(" 

10 
90 
95 

100 

115 

.phalerlte 
9rade 

(,) 

12.53 
16.96 
10.70 

•• 73 

.phaler1te 
racoveZ'y 

(\) 

10.3' 
14.01 
21.52 
15.24 
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The degree of acatter in zinc recoveriea to the bulk and pyrite 

concentrates .akea It dlfficult to compare zinc flotation 

grade/recovery re1ationshipa baaed on plant feed. Aa in prevlous 

cases, zinc aelectivity ia best s~own by comparing grades 

achieved vith recoveries based on zinc flotation feed. Figure 

4.21 plots the zinc concentra te grades achieved as a function of 

recovery based on :~inc flotation feed. Two tests are highlighted, 

one Incorporating prlor pyr i te remova 1 nltrogen 

flotatlon and one Incorporating prior pyrite re.oval through air 

flotation. It shows that re.oval of pyrite through the use of 

nitrogen results in an increase ln zinc flotation selectivity. 

The same also applies to impure nitrogen vith up to 5\ oxygen 

whlch Is probab1y as effective as pure nitrogen at floating 

sufficient pyrite to improve zinc flotation selectivity. The use 

of 95' nitrogen to float pyrite before zinc flotation, in Test 

12-103, led to a zinc concentrate grade of 47' at 83' recovery 

(based on zinc flotation feed). 

4.3.3: The effect of nitrogen condltlonlng on the dl •• olved 

oxygen content of the pulpe 

Figure 4.22 shows that nltrogen rapidly purges dissolved oxygen 

from the pulpe The dissolved oxygen content is reduced to 0.5 pp. 

ln less than one .inute. 

Not aIl the oxygen is removed by the nitrogen. Figure 4.22 

co.pares the rate at whlch dissolved oxygen i5 purged fro. (1) 

vater and (2) a pulp contalning Kldd Creek ore. Oxygen ls re.oved 

faster fro. the pulp than from the vater. Conversely, when the 
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oxygen ls re-dissolved through aeratlon, the dlss01ved oxygen 

level rises faster ln the vater than in the pulp (Flgure 4.23). 

Both figures suggest that pyrlte la constantly draving oxygen out 

of solution, acceleratlng the drop in oxygen content fro. the 

pulp durlng nitrogen conditioning, and retarding the dissolution 

of oxygen into the pulp vater during aeration. Calculatlona 

outlined by Appendix 5 suggest that the oxygen demand of the 

freshly ground ore is roughly 15 ppm dissolved oxygen/mlnute. 

Thls ls consistent vith other vork on similar ores (94). 

120 



c 

c 

-,.. -= 

-

10· 

wa~:r. 

8 

~ Kièd C:ee~ Mines, mill discharge • 
..a 

8 
; 4 
;: 
>C 
o 

i .... 
~ 2 -~ 

o 20 40 60 80 100 

conditioning time (seconds). 

FIGURE 4.23 - Effect of aeration on d1sso1ved oxygen content of 

water and pulp containing Kidd Creek Mines ore 

(lacor3tory mill discharge). 

121 

d 

120 



o 

o 

• ~- J f'-.,,.,. ... 

S. DI 8CUI. 1011 

5.1 COLLIC~ORLI88 PLO'A710H 

The results described on three C~'adlan shield ores of apparently 

siailar aineralogy show a wide variation in collectorless 

flotation response: 

* Copper ainerals from the Lyon Lake deposit (probably largely 

chalcopyrite) are hlqhly responsive to collectorless 

flotation. Both copper concentrate grades and recoveries are 

superior ta those vhen collector ls used. Good recoverles and 

grades were found under both oxidlsing and reduclng 

conditions. 

* Chalcopyrite froa ~he Hattabi deposjt also floated without 

collector. The recovery vas over 80'. 

* 

* 

Little collectorless flotation of chalcopyrite fro. the 

Brunswick H1n1nq ore vas observed, althouqh sufficlent 

aeration did i.prove copper recovery fro. 15\ to 40\. This 

sU9qests that chalcopyrlte Ilay respond to collectorl6ss 

flotation under sufficiently oxidising conditions. 

other ainerals generally showed poor response to 

collectorless flotation. Galena can float vlthout collector, 

but lts flotatlon is slow partlcularly under reducing 

conditions (reflectlnq perhaps that the surface oxidatlon 

necessary only occurs slowly.). 
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This vork confiras Pinkelstein's observations (22) that the 

e: collectorless floatab111ties of aineral sulphldes vary fro. ore 

to ore. Several .echanl... have been propoaed to explain 

collectorless flotation (25,36-7,55,58-9,99,102,107-8). Th •• e 

were described ln Section 2.1.1 and are summarised by Figure 5.1. 

c 

There are enouqh aechanisas ava1lable ta explain the 

collectorless flotation of minerals, consequently it vas 

considered that a better objeLt of th1s york vould be to propose 

an application for ~ollectorles. flotation rather than to explain 

it. 

Section 2.2 describes the main metallurgical problem facing 

aetallurgists at Hattabi Hines naaely copper/lead separation. In 

aIl tests so far perfor.ed on Mattabi and Lyon Lake ores, .trong 

collectorless flotation of chalcopyrite has been accompanied by 

slover but significant flotation of galena. A proce.s uslng 

collectorless flotation is proposed by Figure 5.2. 

While collectorless flotation of chalcopyrite May follow several 

aechanisas (55,99,107-8), that of qalena is likely ta be the 

result of for.ation of elemental sulphur or .oae other oxldatlon 

product on the .ineral surface.(99,lD2) Figure 4.12 compares th. 

effect of floating galena without co1lector in reduclng 

conditions (using nitrogen) and oxidising conditions (using air). 

It confir •• that oxldising conditions aid the flotation of galena 

and 50 supports the assumption that it must be oxidised to float. 
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FIGURE 5.2:Proposed process leading to the production of 

selective copper and lead concentrates Including use of 

collectorless flotation. 
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Table 5.1 further shows that oxyqen is important, by relating the 

degree of oxldatlon of the galena to (1), Its collectorless 

floatabilityand (2), its susceptibllity to sulphite depression: 

TABLE 5.1: Effect of deg~ee of oxldatlon on collectorless 

flotation and responae to sulphlte depression. 

collectorless floatablilty 

response to sulphlte 
depresslon 

degree 

high 

good 

good 

of oxldatlon 

lov 

poor 

poor 

Thus collectorless flotatlon 15 a aeans by vhlch chalcopyrite and 

oxldlsed galena can be separated froa clean galena. Table 5.1 

also descrlbes that the galena .ost dlfficult to depress by 
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sulphite depres510n i5 clean galena (91) a fact supported by 

several aspects of the aetallurqy at Mattabi Mines. 

* The collectorless flotation of galena ls slow, suggesting 

that qalena in the Mattab1 ores ox1d1ses only slowly. So 

auch of the qalena in the copper/lead separation stage 18 

clean, explain1ng the poor separabil1ty of copper and lead 

uslng sulphur dloxlde. 

* Oxidatlon of qalena would be accelerated by raisinq the 

pulp temperature vhich may help to explain the positive 

effect of steam. 

* Copper/lead separation suffers If the pulp is left to age. 

Oxygen demand from the pyr1te will tend to make conditions 

more reducing as the pulp ages. This may clean the galena 

of Its oxidation products and reduce copper/lead 

separabillty. This was observed during on-site column 

flotation studles ln 1986 (21). 

Galena floating vith the chalcopyrite ln the collectorless 

concent:ate ls oxldised and will be effectively depressed us1nq 

sulphur dloxlde. The clean galena left unfloated during 

collectorless flotation will float well us1nq starvation 

quantities ~f collector. Alded by the extra aeration provided by 

the collect)rless float, pyrite w11l remain depressed vith the 

sphalerite ard a high-grade galena concentrate should result, 

vhich can be coabined vith the copper/lead separation tails. 
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The viabl11ty of the process hinqes on the conslstency of the 

collectorless flotatlon of chalcopyrite. It Is hoped that reqular 

~ollectorless flotatlon tests vlll be perfor.ed on cyclone 

overflov by personnel at Hattabl Mines to check on the 

reliabllity of the aechanis •• 

As qalena flotation to the collectorless concentrate is 

apparently dependent on oxldls1nq conditions, addition of a 

reduclnq agent (such as sodium sulphide) may improve copper 

collectorle.. flotation selectivlty. Extensive testvork by Yoon 

and co-vorkers has shown that sodiua sulphlde can also promote 

the collectorlesc flotatlon of chalcopyrite (58-9,107-8,99). 

5.2 Pyrite flot.tion usln9 nltroqen 

5.2.1 Theor.tlcal .spects. 

The initial object of the testvork usinq nitroqen vas to assess 

whether the use of nitroqen vould prevent flotation of pyrite by 

reduc1nq the pulp potent1al and the d1sso1ved oxyqen content 

thereby blocking the pyrite-collector interaction. 

Comparlson of Figures 4.8 (for pyrite flotation ln air) and 4.9 

(for pyrite flotation ln nltrogen) in Section 4.1.8 shows that: 

When 

a) Nitroqen does slowly reduce the pulp potentlal 

b) Nltroqen very quickly reduce. the dissolved oxygen 

content, but 

c) Nitroqen strongly promotes the flotation of pyrite. 

considerinq only the collector-aineral lnteraction, 
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oba.~vatlona Ca) and (b) •••• to cont~adlct Cc). Acco~dlng to th. 

.lectroch •• lcal theo~y of alneral-collector lnte~actlon, .o~. 

~educlng condltlons ahould tend to send equlllbrla Sb and henee 

send Sa to the left (24,60-1) Thls infers that the .ln.ral­

collecto~ ~.actlon vould b. ~eta~d.d. 

MS + x- • MSeX) + e- ••••• (S.) 

• 2.(OH-) ••••••••• (Sb) 

Wlthout analyalng the .1neral .u~face lt ia not pO •• lble to 

conflr. th1 •• 

80 anothe~ .echanl.. 1. alterlng the hyd~ophob1clty of the 

.1neral aurface. Vith only a fr.ction of the aurfac. covered by a 

collector, the hydrophoblelty of a .lnera1 aurfaca li 11kely to 

be a balance betveen the amount of collector adsorbed and th. 

hyd~ophoblelty of th •• 1n.~.1 surface vlthout adso~b.d collecto~. 

This balance 1. partlcularly applicable to pyrlte. Oaudin (28) 

sU9gested 

for.atlon 

that a pyrlte su~face ls constantly chan91ng, through 

of hydrophllle oxldes of sulphur and posslbly lron. 

Fuerstenau attrlbuted the depresslon of pyrlte vlth per.anganate 

to the adsorptlon of hydroxy1 10n. onto the pyrlt. .urface 

thr ough ~eact 1 on vl th ferr le 10ns 1 n the 1I1neral. (23) • Hoyack 

and Raghavan(43) propo.ed •• 1.11ar .echan1s. for the d.pression 

of pyrite uslng sulphlte 10ns. 

The po.alb!e ~ole of galvanlc lnteractlons altering th. alneral 

lurface h.1 be.n propoa.d by a nu.ber of Inveatl~ato~a 

(40,44,49,79). a.1vanle lnteraction. have been u.ed to explaln 
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effects of grinding aedia (1,14,44,51,79,97) on flotation 

perforaance. Siallar galv.nic effects are likely to occur betveen 

pyrlte, the .ost noble minerai, and other base aetal aulphides 

(49,60,75-9). A model of such a aechanis. Is illustrated by 

Figure 2.3. Pyrite, being more noble, vill tend to drav electrons 

fro. sphalerite. This vill oxidise sphalerlte and promote 

formation of iron hydroxides on the pyrite surface through 

reduction of dissolved oxygen. Hajlma (60) notes that sueh a 

galvanie interaction has been found to increase the rate of 

oxidation of a sulphide mineral through association vith pyrite 

by eiqht to tventy times. This leads to the formation of 

hydrophobie, elemental sulphur on the mineral surface. 

Such oxidation vill aid sphalerite flotation and hydrophilic iron 

hydroxides on the pyrite surface vill depress pyrite. So the 

effect vou Id be to improve selective flotation of sphalerite from 

pyrite. 

By stopping the supply of oxygen, 
, 

nitrogen flotation blocks ttie 

mechanism. Iron hydroxides vill no longer form on the pyrite 

surface. The increased hydrophobiclty of the pyrite vill then 

allov flotation of pyrite vith only minimal dosaqe. of collector. 
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FIGURE 5.3 - Exposure of pyrite to collector and copper sulphate 

activator, in the conventional and proposed 

processes. 
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5.2.2 Operatlonal A.peet •• 

The reaulta aection shoved that a Ielatlvely h19h 9Iade pyrite 

concentrate could be floated from the bulk flotatlon talls. It 

also shoved that entrained zlnc could be selectlvely recovered 

fro. the pyrlte concentrate by reverse flotatlon vlth collector 

follovlng copper activation, in air and at pH 10-11 (although 

other pH levels vere not tested). An overall metallurqlcal 

balance for the proposed process la illustrated by Figure 4.7. 

It shovs that the proposed process produced a zlnc rougher 

concentra te grade 50\ higher than that produced by the 

conventlonal route, at a ~lmilar recovery. While thls ls unllkely 

to improve the overall grade/recovery relationshlp of a circuit 

It may make the cleaner clrcult slmpler and easler to operate. 

Inspection of Figure 5.3 reveals that the proposed process 

largely avolds the contact of pyrlte vlth copper sulphate. Whlle 

the potential for copper sulphate activation of pyrite Is not 

vell recognlsed ln North '.erica, Yamomoto (106) notes this use 

and coppet sulphate Is used to activate pyrIte ln flotation 

circults ln South Africa (67). Pyrite vould also be less exposed 

to ccllectoI. This vould suggest several advantages: 

* Easier overall pyrlte rejectlon (lndlcated by the i.proved 

zinc rougher grades). 

* Less reliance on pH for pyrlte rejectlon (vlth the 

reauitant aavlng in lime costa). 

131 

..... vw 



..---.~._--_._-_._---_. __ ._-_._-- ----------_ .. -- --- ---_ .. _------------------. --------_ .. -.- -------- ._-------- . -- _ ... -

o 

o 

• Reduced consuaption of copper sulphate and xanthate by 

eliainating their vast_fuI adsorption onto the pyrite 

surface. 

The nature of the zinc reverse flotation concentrate sugqests 

that it .ay isolate locked partiel_s. This vould .ake it a 

particularly qood stream to regrind. 

The • .sin 

flowsheet 

400 tonnes 

problem associated v1th the use of the proposed 

is the supply of n1trogen. Based on laboratory tests, 

of fresh n1troqen gas vill be needed per day for a 

plant t~e size of Brunswick Mininq (treating 10,250 tonnes per 

day). For both economlc and environmental reasons, soa_ form of 

rec1rculation system vill be needed (i.e. closed cells). In this 

case air could be used as the carrler qas, oxyqen being quickly 

consumed by the pyrite. Some nitrogen supply May be necessary to 

ensure a posltive pressure in the flotation cell, stopplnq air 

from leaking into the system, but this is unlikely to be aore 

than 20 tonnes per day. Condit1onlnq could be performed in a 

closed tank. Cond1tionlng qas may not be necessary. If it 1s then 

the qas can be recirculated in an enclosed system. The supply of 

extra nitrogen could be manipulated automatically by dlss01ved 

oxygen levels at the end of pyrite flotation. Tests so far 

suggest that the dissolved oxygen level should be belov 2 pp •• 

Another aspect of the effect of nltroqen, or oxyqen deflcient 

gases on 

c"luans. 

tile flotation of pyr i te concerns the use of 

Calculations outllned ln Append1x 5 suggest 
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aaount of air Injected lnto a colu.n Is not enough to satisfy the 

de.and for oxygen from a pyritic ore. Therefore, as air rlses 

through the cell it becomes deficient in oxygen and will tend to 

increase the floatability of pyrite. So, while this needs to be 

checked it suggests that the geo.etry of the cell could affect 

the che.Lcal environ.ent of the pulp, the flotation chemistry and 

the grade/recovery relationship of a flotation process. This may 

ll.~t the use of columne in processing streams whlch have a high 

oxygen de.and. 

5.2.3 Icono.lcs of the process (Balance based on Brunswick 

"lnln9) 

As mentioned in the previous section, use of fresh nitrogen 

cannot be economically justified. The capltal cost of the plant 

would be in the region of $8 million and the running costs 

$16,000 per day. 

So the balance developed in this section is based on 20 tonnes of 

nitrogen a day, encloslng the flotation cells and circulating the 

gas. At Brunswick Hining the cells (Outoku.pu) are virtually 

enclosed already and It Is assumed the gas reclrculation system 

can be ho.e-built at negliglble cost. 

The cost of a nitrogen plant to produce 20 tonnes of nltrogen a 

day 15 approxlmately $750,000. Its runnlng costs are $800 per 

day. Based on straight-llne depreclation and not lncludlng tax 

considerations, the capital cost over a 15 year period is 

4: equivalent to 1.3 cents per tonne of ore. Running costs are 

equlvalent to 7.6 cents per tonne of ore. The total cost of the 
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nltrogen ls therefore 8.9 cents per tonne. 

Figure 5.4 compares approximate reagent coata in a zinc circuit 

vIth thft cost of nitrogen. It shovs that the cost of 20 

tonnes/day nitrogen can be justified by a 12\ saving in lime or 

19\ saving in copper su~phate consumption. The cost of nitrogen 

ia unlike1y to be juatlfied by savings ln collector (requirlng a 

57\ sa"ing). 

Operating costs (power, maintenance etc.) of the zinc flotation 

circuit are nor.allyabout 60 cents per tonne of ore (2,42). 

The use of nitrogen can then be justified by a 15\ reductlon in 

overall zinc flotation capacity. 

At this stage, it is not possible to predict that nltrogen 

flotation Is economical. The cost comparisons listed above do, 

however, show that the proc~ss is relatively cheap in comparison 

to other flotation costs. This suggests that Any improvement in 

zinc/pyrite separation efficlency which results in the uae of 

lower pH and less reagents will probably justify the extra costa 

of the process. The proces8 could be particularly attractive to 

more isolated operations where transportation of lime and copper 

sulphate beco.es very costly (88). 
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6.1 COLLIC~RLISS FLOfA~IOM 

* The collectorless floatability of chalcopyrite vari.d fro. 

* 

ore to ore, 

collector less 

cha1copyr i te 

thou9h a11 ores tested shoved so •• responae to 

flotatlon. The collectorless recoverles of 

in ores fro. Hattabi are si.i1ar to those 

usln9 collector. 

Some collectorless 

ores from Hattabl 

condi t 10ns. 

flotation of galena vas obaerved fro. 

Hines, partlcularly under oxldls1n9 

* A procesl 11 propoled vhereby chalcopyrite and oxldised 

galena are 

subsequent 1y 

galena. The 

collector. 

floated vlthout collector. These are 

separated by sulphur dloxlde depresslon of 

re_alnln9 untarnished 9alena Is floated vith 

* Pyrite and sphalerite shoved no responae to collectorless 

flotation in all ores tested. 
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* The use of nltrogen strongly pro.otes the flotation of 

* 

pyrite. Pyrite flotation i5 selective fro. zinc-bearing 

ainerals but not froa copper- and lead-bearing ainerala. 

Nitrogen conditloning and flotation reduces the pulp 

potential. The level of dissolved oxygen in solution drops 

ta below 0.5 pp •. within 1 Ilinute, through the use of 

* Pyrite flotation is probably IInked to the removal of 

dissolved oxygene This blocks a galvanic interactIon 

between pyrite and sphalerlte, which othervise serves ta 

depress the pyrIte throuqL OH- formation. 

* Nitrogen flotation can be used ta float pyrite after bulk 

copper,lead flotatlon and before zinc flotation. This 

improves the rougher concentrate grade achieved by 

subsequent zinc flotation. 

* Aerating the pyrite concentrate pulp depresses the pyrite 

Copper activation and reverse zinc flotation with collector 

in air selectively recovers zinc ainerals fro. the pyrite 

concentrate. 

* The propoaed proceas incorporating nitrogen flotation and 

reverae flotation of zinc-bearing .inerala reducea the 

exposure of pyrite ta collectors and copper sulphate. This 

lIay explain the improved zinc rougher grades achieved. The 
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proces. .Iy a1.0 i.olate locked zinc-pyrite partieles in 

the reverse concentrat., ln vhieh case reqrlndln9 could 

liberlte extra zinc .1nerals. 

• The process is probably vlable econoaicilly at 20 tonnes 

nltrogen per day if savings ln llae of 17\ are realised. 
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7. RICONMIHDID rUI7HIR WOII 

7.1 COLLIC'ORLaSS PLO'lTIOH 

7.1.1 70 •••••• the potent1al of th. propo •• d proc.aa: 

Regular on-site collectorless flotation tests should be 

to check the rel1ab1lity of collectorless 

flotatian. 

Copper,lead separation of the collectorless flotation 

concentrate should be Investlgated. 

depressed using sulphur dioxide. 

Galena shauld be 

7.1.2 To laprove an the procesa: 

- As collectorless flotatian of galena seeas to be based on 

surface oxldation, collectarlesa flotation vith a teducln9 

agent Ce.g. sodium sUlphlte) aay result ln a selective 

coppet concentrate. 

Altetnatlvely, flotatlon recovery of qalena could be 

maximis.d. While qalena flaats slovly vlthout collector, it 

May be .electively recovered fta. pyrite and .phalerlte if 

allaved to flaat to the ll.it af recovery. 

7.2 NITROOIIf rLOTA,.IOIf 

7.2.1 70 1ncr •••• und.,at.ndln9 of nltroqen flot.tion. 

Nittogen testvork should be performed on Hattagaal ore, 

vhlch cantalna aalnly pyrrhatlte. Pyrrhotlt. 1. 1... noble 
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than pyElte but ha. a hlgheE oxygen de.and. 

A flotatlon column should be used to check ln vhether the 

ala-d1rectlon of z1nc la the reault of entraln.ent. 

1.2.2 To aaaeaa co •• ercl.l potent!.l of nltrogen flotatlon. 

One of the potentlal revards of reaovlnq pyr1te before zlnc 

flotation ia a aaving ln 1i.e coata. Ta check this,flotation 

of a zinc concentrate after pyrite flotatlon under lesa 

alkaline condlt1ons should be tested. 

Contlnuous tests should be perfor.ed to optl.ise pyr1te 

flotation. 

The process is only likely to be viable if oxygen deflcient 

qa. 1. produced by encloslng the eells and ree1rculatlnq the 

qas. The production of suff1eient 'fresh' nitrogen la likely 

to be tao expens1ve. Tests should be run uslng an enclo.ed 

cell ta establiah vhether pyrite can be pro.oted ln this 

vay. 

Mineralogical analysis of the reverse zinc concentrate 

should be undertaken to identify the concentration of locked 

partieles in the sa.ple. 

Nltr~qen should be tested on the pyrite reverse flotatlon 

stage vhich la currently ln soae zinc clrcuits.(e.g Kidd 

Creek lUnes). 

Host vays of produclnq nitroqen alao produce oxyqen. Aa • 
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l09ical extension of nitrogen flotation to float pyrite and 

aeration to depre •• pyrite, oXYgen-enriched aeration could 

iaprove pyrite rejectlon in the copper,lead bulk float. 'he 

use of oxygen enrlched gases durlng pre-aeration and bulk 

flotation should be tested. 

7.2.3 Other related te.tvork. 

c 

Tests should be run vhlch check the dlssolved oXYgen content 

and perhaps pulp potential of the pulp at different levels 

ln a flotation coluan, treatln9 an ore vith a h19h oXYgen 

de.and. 
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10. APPINDIX 2 - BRUNSVICK MINIMG ORI TISTVORK 

COLLlcrOILISS PLOTATION 

10-101 Collectorless flotation in air, fo11oved by bu1k copper, 

lead flotation and zinc flotation. 

10-102 Collectorless flotation in nltrogen, fol1ovea by bulk 

copper, lead flotation and zinc flotation in nitrogen. 

10-103 Collectorless flotation then zinc flotation in nltrogen. 

10-104 Collectorless flotation then zinc flotatlon ln air. 

MITROGIM PLOTATION 

10-201 Bulk copper, lead flotatlon ln air, pyrite flotation in 

air and nitrogen, and zinc flotation ln air. 

10-202 Bulk flotation in air, pyrite flotation ln air and zinc 

flotation in air. 

10-203 Bulk coppel, lead flotation ln air, pyrite flotation in 

air then nitrogen and zinc flotation in air. 

10-204 Bulk copper, lead flotation ln air, pyrite flotation in 

nitrogen and zinc flotation ln air. 

10-20S Bulk copper, lead, pyrite flotation in nitrogen vith 

stage addition of collector, then zinc flotatlon ln 

nltrogen. 

10-206 Bulk copper, lead, pyrite flotation ln nitrogen, slngle 

addition of collector, zinc flotation ln nitrogen. 
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• 10-207 Copper activation then zinc flotation in nitrogen only. 

10-208 Bulk copper, lead, pyrite flotation in nitrogen, zinc 

flotation in nitrogen. 

10-209 Nitrogen conditionin9, then copper, lead, pyrite 

flotation in air and zinc flotation in air. 

10-210 Nitrogen conditionin9, then copper, lead, pyrite 

flotation in air, foloved by zinc flotation in air. 

10-211 Bulk copper,lead, pyrite flotation in nitrogen then zinc 

flotation in air. 

10-212 Bulk copper, lead flotation in air, then pyrite flotation 

in nitrogen vith zinc reverse cleanin9, finally zinc 

flotation ln air. 

10-213 Bulk copper, lead flotation in air, then pyrite flotation 

in nitrogen vith zinc reverse flotation, finally zinc 

flotation of pyrite tal1s in air. (repeat of test 10-212) 

10-214 Bulk coppet, lead flotation in air, pyrite flotation ln 

nltrogen, zinc flotation in air. 

10-215 Bulk coppet, lead flotation in air, pyrite flotation and 

zinc flotation in air. 
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87AIDARD PL071'IOI 

10-301 Standard copper, lead flotation and zinc flotation in 

air. 

FLOT1TION TESTS ON-SITE lT BRUNSWICK MINING. 

10-401 Bulk copper, lead flotation in air, pyrite flotation in 

air and zinc flotation. 

10-402 Bulk copper, lead flotation in air, pyrite flotation in 

nitrogen and zinc flotation in air. 

10-403 Bulk copper, lead flotation in air, pyrite flotation in 

nitrogen with zinc reverse cleaning and zinc flotation of 

pyrite tails in alr. 

10-404 Bulk copper, lead flotation in air, pyrite flotatlon in 

nltrogen and zinc flotation in air. ( McGill Std 

procedure) . 

lRGON FLOT1TION 

10-501 Bulk copper, lead flotation in air, pyrite flotation in 

argon and zinc flotatlon ln air. 
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10-101 Co11ectorless flotation in air, followed by bulk 

copper,lead flotation and zinc flotation. 
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CO. DIT [ D • 5 FlO!ATION 

pH JttJvitor Pre-condltlonlng collector fl ohtl on 
added tYDe iddl tl on gas 
g.'t giS hie gft 

collectorless rQu9her - 2 'Inutes A 8.5 nltrog!n 25 lin nltrogen 
collectorless rough,r - 2 'Inutes B 8.5 nltrogen 
collectorless raugher - 2 Ilnutes C 8.5 nltrogen 
collectorle55 rougher - 2 Ilnutes D 8.5 n!trogen 
collectorless rougher - ~ 'lnutes E B.5 nltrogen 
coilectQrleS5 rQugh,r - 2 'Inutes F 8.5 ~Itrcgen 
collectorless rougher - 2 Ilnute: 6 6.5 nltrogen 

,yrlte rou,her - 2 linutes A 8.5 51fl 50 !utragen 
pyrite rougher - 2 linutes & 8.5 n: trtNJen 
,yrlte rou,h,r - 2 'Inutes C 8.5 n!trogen 
Dyrlte rougher - 2 'Inutes D 8.5 nltrogen 

ZInc roughfr - 30 seconds 10.1) 1200 none 5 lin SIPX 50 nltrogen .. zinc rougher - 1 11nute 1Q.0 nltrogen ca .. zinc rou9ner - 2 Ilnutes 10.0 nltrog!!n 

21nc sCivenger - 30 seconds 10.0 SIPI 30 nltrogen 
Zinc scaveng!r - 1 Ilnute 10.0 nltrogen 
zinc seivenger - 2 'Inutes 10.(\ nltrogen 

6RINDIN6 CONDITIONS: 

30 IlnutP5. Il]d st .. ) charge 

12QO g/t :!nc sulphite 

10-101 Cbllectorless flotation in air, followed by bulk 

cvpper,lead flotation and zinc flotation. 
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10-102 Co11ector1ess flotation in nitrogen, fo11owed by bulk 

cûpper ,lead flotation and zinc flotation in nitrogen 
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-ca 
fi,) 

f lOT A T 10. CO" DIT J 0 N 5 

pH IctJVltor Pre-conditiantng (tIHectar Hohhr' 
SliP!' r,fer,ne, idded type additIon giS 

g/i lJiS tile g/t 

tollectorless rough,r - l .Inutes A 8.5 aIr 25 Ilr ilr 
call!ctarless rou9her - 2 'lnutes B 8.5 Jlr 
collectarles5 rougher - 2 .inutes r 8.5 iU 

col~!ctorless raulJher - 2 Ilnutes D 8.5 ilr 
coll,etorless raughtr - 2 Ilnut,s E B.5 air 
collectarless rougher - 2 'Jnutes F 9.5 aIr 

pvrIte rough@r - 2 linut,s A 8.5 SIPI 50 IIr 
pyrite rougher - 2 Iznutes 1 8.5 ilr 

pyrIte rougher - 2 'Inutes C 8.5 inr 
pyrIte rDugher - 2 'lnutes D 8.5 ilr 

Zinc rou9h,r - 30 seconds 10.0 1200 none :5 .ln SIPI ~o aIr 

ZInc rDuqher - ! .Inute JO.{I ilr 
:lnC rDugher - 2 'Inutes 10.0 ur 

zinc scavenqer - lO seconds 10.0 SIPI 30 aIr 
:1n( 5c.venger - 1 'Inute 10.0 iUr 
zinc SCIV'"g!r Il - 10.0 aIr 

6RINDIN6 CONDITIONS: 

30 'Jnutes •• 11d steel ch.rge 

1200 ,/t zinc sulph.te 

10-102 Cbllectorless flotation in nitrogen, followed by bulk 

copper,lead flotation and zinc flotation in nitrogen 

~ 
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10-103 COllectorless flotation then zinc flotation in nitroqen. 
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F LOT A T 10. CONDITIONS 

pH icta vitor Pre-condltlonlng collectar flotahon 
salple rehrenc! added type iddl hon ças 

9/t giS hie 9/t 

collectorless rougher - 2 Ilnutes 8.0 ilr 10 lin air 
collectorle55 scavenger - 2 .Jnutes 8.0 ilr 

zinc rougher - 30 second 10.0 1200 mtrcger. 20 lin SIPX SO nI trogen 
zinc rou,her - 1 I.nute 10.0 nltrogen 
zinc rougher - 2 .Inutes A 10.0 -- Ol trogen 
zinc rougher - 2 linutes 8 10.0 nltrogen 

:Inc scaven~er - 30 seconds 10.0 SIPX 10 mtrogen 
zinc sCivenQer - 1 .Inute 10.Cl nltrogen 
zinc scavenqer - 2 Ilnutes A 10.0 nltrogen 

.... zinc 5cavenger - 2 Ilnutes 8 10.0 nltroQen ca 
01 

6RINDIN6 CONDITIONS: 

10 Ilnutes. stalnless steel charge 

1200 9/t zinc 5ulDhate 

10-103 - Cbllectorless flotation then zinc flotation in nitrogen. 
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10-104 Cb11ectorless flotation then zinc flotation in air. 
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...A 

ca ... 

s'IDI@ reference 

colle~torless rougher - 2 Ilnutes 
collectorless sc,venger - 2 Ilnutes 

zinc rougher - 30 stcond 
zjnc rou,her - 1 'Inute 
zInc rougher - 2 linutes A 
zinc rDugher - 2 Ilnutes B 

zInc sCivenger - 30 second: 
ZlnL seavenger - 1 Ilnute 
zinc sCivenger - 2 Ilnutes A 
zinc sCivenger - 2 I.nutes 8 

F lOT A T ION CO. DIT 1 0 • 5 

pH .ch \"tor Pre-condl tlonlilg 
idded 

collectar flotitlon 
type iddltlon giS 

B.O 
8.0 

10.0 
10.0 
10.0 
10.0 

10.0 
10.0 
10.0 
10.0 

g/t giS tlle g/t 

ilr 10 lin 

1200 ._AC. S .. ;,. SIPI 50 

:iIPX ::0 

6RINDIN6 CONDITIONS: 

30 Iln~tes. stilnless steel charge 

1200 9ft zinc sulphite 

ilr 
ur 

ilr 
ilr 
ilr 

ur 

air 
air 
ilr 
ilr 

10-104 Collectorless flotation then zinc flotation in air. 
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10-201 Bulk ~vpper,lead flotation in air, pyrite flotation in 

air and nitrogen, zinc flotation in air. 
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pH ach'lator Pre-cOndttlanlng ~allector flatahan ;a.ole reference idded type iddlhon gas 
g:1 giS tue g/t 

bull rougber - 1.5 .tnute A B.S i!lr 10 .I/l SIF'X 50 air 

1 
bulk rougher - 1.5 .Inute B 8.5 SIf'X 30 ilr 

pYrl te rDugher - 3(' seconds 8.~ ur pvrlte raU9~l!r - 1 .Inute B.5 lIr pyrite raugher - 2 .lnutes A B.~ aIr 
pyrIte raugher - ~ Ilnute! 8 9.5 ur 

pyrite scavenger - 1.5 Ilnutes C 8.5 Rl trogen 20 .1/1 nl trogen 
pyrite sCi~e~ger - 1.5 .lnutes D B.5 nltragen 
Dyrlte sClvenge~ - 1.5 .tnutes E 8.S nltragen 
pyrite sCivenger - 1.5 Ilnutes F 9.5 '11 trogen 
Dyrlte sCivenger - 1.5 .Inutes E 8.S rltrogen ... 

ca zinc rDugher - 30 secDnd 10.0 ŒI{I none 5 lin SIPI 50 ilr G 
~Inc rDugher - 1 Ilnute 10.0 air 
zinc raug~er - : Ilnutes A 10.0 ilr 

~Inc scavenger - 1 Ilnute 10.0 SIPX 30 air 
zinc 5cave~ger - 2 .Inutes 10.0 aIr 

6R!NDIN6 CONDITIONS: 

30 Ilnutes. 111d steel charge 

1200 9ft :lnc !:ulllhate 

10-201 Gulk oopper,lead f1otation in air, pyrite flotation in 

air and nitrogen, zinc Elotation in air. 



0 0 
------ ---------

_IlS MSS"MC( CIPPE. IIISS ".:E U __ IIUG 
lIlt MSS .... l 

I __ ... .a 

.... 1' ln! ,ull UI'''' 
,..,., 1 ... .... III.e lllit tr. i,. 

_1 th' ,-.1. tahl .II'r _.Is rK"", .IS', _n. rKI.", Il.., .111 rKI.", ... , .iI. rK..." .. .,1. '.'''fIIC. • t.., t,t.1 .t.., tllil Ih, • tlhl st.., t ... 

.. " ......... - h .. 1.5 Il",,,,, 'I.~' '.~I '.591 2.0Z O.'" 51.5~1 51.nl20.20 I.'ll ".601 5"'01 .. " '.112 un '.111 21."- M" .'.111 11.111 
kil "IY~ - li. 1.5 1.II.t" ".10 '.211 lun 0.5. '.036 .'.m ".361 1.41 .... , It.m , ... 41 ..... ..... 1.521 .6.»1 ~.2I UIS LW I •. m 

" .. 1. ' .... " -h. li .... ...., :16.17 5 . .,.,r 21.m '.20 '.012 1.511 71 •• 1 2.54 '.151 UII 71.651 5 •• '.147 l.m 21. ln lU. 2.142 .. -27.m 
• r' .t. , ......... - h. 1 1"." 2'." 2.111 24. »1 0.21 '.001 2.1Il 7UI1 l." ..... Mst Il.60t ••• '.247 2.791 2U .. D.7t '."S s .• JI •• 
" .... , ....... - Il .. 2 I, ... t .. 1.' 27." 2.lIt 2'.'1l '.29 '.ID' 2.t'\t 7'.231 S.lO ••• 19 Mn ".021 Il.40 '.272 un 21. III s .... '.16. J.l5I H.m 
" .. t. ,"" ..... - h. li'"'''' III ".21 1.711 21.'" '.21 '.115 •. sn 77.611 S.19 .. ~ lm .... 21 12." •. m Z.ln 21.521 29." .. ,.. 2.121 .,m 
., .. t. "1'.''''' - h .. 1.51._1.1 1[1 U5 '.311 29 •• n '.32 '."1 '.361 77.971 2.95 '.'11 '.351 16.371 1 .... .. .., '-'II lun 2 .... '."Z '.411 S1.S7I 
p,"' .... , •• ..., - Il .. 1.5 "'".," III '.te ... 1 1'.on '.110 ..... .... 1 11.971 ••• ..... '.101 16.311 • •• '.1Ot '.001 29. on .... '.1Ot '.101 D.m 
""" ............ - Il .. 1.5 "'''''" CU '.to '.oor 29 .• n '.to '.108 '.tItIl n.'" .... .... '.IIl ..11l .... 1.100 '.401 ZUll .. " u. '.IIl 37.m 
• , .. " l' ......... - li .. 1.5 I,,",t .. IrI .... '."1 29.'11 '.11') .... "'" n.m .... .... 1.101 ".371 .... ...1It l.e0l 29 •• n .... . .... u • '7.371 
"lit •• " ... .., - U. 1.51,,,," ." .... 1.111 29.'ll '.00 .... U" 71.'11 .... . ... .... 1 ".m .... . .... • ... 1 29 •• n ••• .... u. 37.Sn 

:,"' .",' ... " - 1 ... li ~ ...... 1 .... .... 1 11.111 .... .... 0 7.''1 III •• ' 1.11 '.on '.711 Il.0It 46." '.'lI ".UI u.m 17.11 '.lU 1.361 lI.JSI 
, .... 'III ....... - , ... 1 .11tI1" n.76 2.191 33.'01 '.20 '.IOS 1. '21 12.211 t •• 3 •.• 25 '.761 '7."1 46." '.1" 12.421 51.141 12." '.](11 1.241 ''''71 
liA' 'l1li ...... - 11 .. 7 .... tp~ li." UU l7.m '.25 , .... Utl l5.m 1.11 1.045 I.sn ".231 ".11 1 •• • un , ... n IS •• ' ..... MU .MII 
un< , ...... ., - ' •• 7 .... '" 2]." 1.501 lt.951 '.17 ..... 1.261 ".~II." uZt ••• ''''11 li." '."2 .e.2ft .1 •• 61 1 .... '.453 1.121 ".DI 
lU" lifl ..... '''' - 1 ... 1 ...... 1' '.95 1.051 ".m '.11 '.007 '.561 17.101 1.1' '.011 '.151 90.461 » ... '.), 4.111 lS.lU !'.2I '.70' '.111 ." .. 
lilt. , •• v .. ..., - U. l ....... , 15_'. 1.'21 42.'21 '.70 '.tol '."1 ••• 11 1.16 .... 7 '.m tII.m li." t.501 5.111 ".m 21." '.]49 1 •• 1 .... 1I .. 

..... hui h.h 541.lt 51.3II'''.IIl '.01 ..... Il.m ...... 10.51 '.29] '.'11 1 •• 001 I.U '.791 '.'11 1"."1 a.lI n.m sun 1" •• 
a 

b.I .~ 1,".Illt.l .. ' 952 •• '.131 1".101 1.1" 1".001 1 • .,7 101. III ».lt z ••• 1".111 

Il ~ l 'iIlINIIY 1 ,-.Ir "', .. II (IIIIP" 'K""', 1 ... rtClVIr, Ille rK ..... ' l,.,. rK"", 
_l,hl ,-.1. tat.1 1111,1 It.., t.hl Il .. ,1 "'" tohl ••• ,1 • t.., ,Dt •• ... ,1 " . tlt.1 

..... IIlloh_ 151." 15 •• n 15 •• n 1.'5 ".lll ".lll 15." 74.041 7'.041 '.I! ".151 ".151 29.15 Il.531 '1.531 
'" Il. ,.,,,, .. Il.fllI_ •• lU IlU4 12. III 21."1 '.2' '.251 71.6111 U5 Il.''1 ".021 1.44 12. J1I 21.'21 ll." Il.4:11 •.• ll 
Pvt,t, .... p • .., Il.1e''_ •• I.h .. 3.65 '.311 29.011 0.32 '.361 71.m 2.95 '.351 ".m Il.'' '.511 29. on 26." '.411 S7.ln 
l.nr 'III ..... ' lIohll. .03." ".m 3'."1 '.2' ••• ".~I 1.11 S.141 ".111 ".'11 52.131 Il.161 15.67 '.161 ".211 
11111 ~[....... 1111111. 75.39 un 4l.621 '.It •. '21 • •• 11 1.0. ' .• 1 "."1 32.66 un ' ... ·1 21." 2.211 41.4n 
lin.' 11111 546. JO 57.311 1".IIl '.01 Il.'11 1".1101 ..,. ' •• n 10I.1Il I.l' '.tli '''."1 13.lt :13.571 1 .... 

10-202 B~1k copper,1ead f1otation in air, pyrite flotation in 

air and zinc f1otation in air. 
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pH actl'iiltor Pre-condltlanlng call1!ctar fJohhan sa.pll! refl!rl!ncl! ildded typ. .ddltaDn gas 
9/t giS hie 9/t 

~u!~ roughl!~ - I.S '10ute ~ 8.5 iar 10 lin SIF'I 5(1 ilr 
'ul~ rcugher - 1.5 alnute B 8.5 SIPI 30 ilr 

Dvrlte rDughl!r - 3~ ~l!cDnds 8,5 illr 
pyrite rougher - 1 'l~utl! 8.5 

il" pvrlte rou9her - 2 Ilnutes A B.S ilr 
pyrite rougher - 2 alnutes 8 8.5 ur 

p~rltl! SCilYenql!r - 1.5 Ilnutl!S C B.S iU 

zInc rougher - 30 second 1'1.1) 1200 nanl! 5 lin SIP! 50 air 
::~c rougher - 1 .1nut! 1('.0 ilr 
zinc rougher - 2 Iloutes A 1').() ilr ... 
:lnc rougher - 2 'lnutes B 10.0 air .... -
Hnc sC3'1enger - 1 Ilnute 10.0 SIP. 30 ilr 
zinc scavengl!r - 2 Ilnutes 10.0 air 

6RINDIN6 CONDITIONS: 

30 .lnutes, Illd steel ch.rgf 

12QO 9ft zinc 5ulphite 
--------

10-202 Bu1k copper,lead f1otation in air, pyrite flotation in 

air and zinc flotation in air. 
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10-203 Bu1k copper,1ead flotation in air, pyrite flotation in 

air then nitrogen and zinc flotation in air. 



~~~'''''''''''A''-,.~fI::'''~''' -_ 

~ 

-~ 
Co) 

'-

F' L 0 T A T ( o " C 0 Il 0 1 T 1 

pH ICt! vator Pre-condltlonlng collector 
salDle reference idded type Iddlhon 

IJlt giS tile ,/t 

bul~ rou~her - I.~ Ilnute A B.5 air 10 IIR SIPI 50 
bulk r~ugher - 1.5 Ilnute B 8.5 SIP~ 30 

pvrlte rDulJher - JO seconds B.5 
pyrIte rougher - 1 Ilnute 8.5 
,yrlte rougher - 2 Ilnutts A 8.5 
pyrite rougher - 2 Ilnutes B 8.5 

pvrlte scave"ger - 30 seconds C B.S nltroge" 2011R SIPI 10 
pyrite scave"lJ!r - 1 Ilnult D 8.5 
pYrite 5CiVen9fr - 2 Ilnutf5 E 8.5 
pyrIte scave~lJer - 2 Ilnules F 8.5 
pYrlte sCivenger - 2 Ilnulrs , B.5 
pyrIte scavenger - 2 Ilnutes H 8.5 

~lnc rougher - 30 second 10.0 1200 nDnt 5 lin SIPI 50 
tlnc rQu,her - 1 Ilnute 10.6 
zinc rDU~he~ - 2 IInullS A 10.0 
zln~ rDugher - ~·II~utes 1 10.0 

%Inc sClvenger - 1 Ilnule 10.0 SIPI 30 
zinc sCJvenger - 2 Ilnutes 10.0 

6P.INDIN6 CONDITIONS: 

30 Ilnutes. Illd steel chirlJe 

1200 9/t zinc SulDhlte 

10-203 Bulk copper,lead flotation in air, pyrite flotation in 

air then nitroqen and zinc flotation in air. 
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10-204 Bulk copper,lead flotation in air, pyrite flotation in 

nitrogen and zinc flotation in air. 
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pH .chntor Pre-condltlonlnq collector flohtIon 
s.lole referenc, .dded typ, iddl han gis 

glt giS hie g/t 

bul~ rougher - tilt 2 Ilnutes 8.5 ilr U .111 SIPI 50 ur 
bulk sClvenger . ti.t 2 IlnuttS 8.5 SIPI 30 ilr 

pyrIte rougher . tilt 1 'Inute lA! 8.S nltrog,n 4 .ln nltrDOfll 
pyrlte rougher • tlle 1 'Inute III 8.5 nltrDl)en 4 .ln nltrDg", 
pyrite rougher . tilt 1 11nute (C) 8.5 nltrogen 4 .1n ni troge" 
pyrIte rougher . ti.e 1 Ilnut, fD) 8.5 nltrogen ~ lin nltragen 

pyrite scavenger - tIlt 1 'Inute (A) 8.5 SIPI 10 RI trogi!ft 
pyrite scavengef • tIlt 1 11nute IBI 8.5 nltrogen 
pyrIte SCiYenger . tl11 ! 11nute ICI iI.5 nt trogen .. 
zInc rouqher . tl.e 30 seconds 10.0 1200 nont 5 .In SIJiX 50 ~ .If 

01 zinc rougher - tlll ! Ilnute 10.0 iir 
zinc rQugher . tlte 2 Ilnutes 10.0 iH 
zInc roughtr·· tilt 2 'Inutes (B) 10.0 .If 

zinc 5cavenger . tl.e 30 seconds 10.0 51PX 30 .Ir 
ZInc 5cavenger • tilt 1 Ilnute 10.0 alf 

6RINDIN6 CONDITIONS: 

50 'Inutes. ,tainlt5s steel charge. 

Z1nc Sulphite. 1200 g/t 

10-204 Bu1k copper,1ead f1otation in air, pyrite f1otation in 

nitrogen and zinc flotation in air. 
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10-205 Bu1k copper,1ead,pyrite flotation in nitrogen with stage 

addition of collector, then zinc flotation in nitrogen. 
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r---- - F l " T AT; O~-- CON DIT 1 0 " S 

sa.ple reference 

bulk rougher - t Ilnute A 
bulk rougher - t Ilnute 1 
bull rou,her - 1 Ilnute C 
bulk rougher - 1 Ilnute D 
~ulk rougher - 1 Ilnut, E 

llnc rougher - ~O seconds 
=lnc rouqher - 1 Ilnute 
ZInc raugher - Z 11nutes 

:lnc sCivenqer - l~ seconds 
ZInc 5cavenger - 1 11nute 

pH activitor Pre-~onditlonln9 collector 
added type additIon 
9f t gas hu 9f t 

B.5 nltrogl!n l lU SIPI 20 
B.5 nltrogen 3 lU SIPX 20 
8.5 nltro!!en 3 lU SIPI ::0 
8.5 nltr~gl!n 3 lin SIPl 20 

8.5 n1trogen 3 lin SIPI 20 

1Q.0 1200 none 5 lin SIPX 50 
10.0 
10.0 

10.0 SIPI 30 

10.0 

6P.INDIM6 CONDITIONS: 

30 Ilnutes. Illd steel chlrge 

1200 gft zinc sulphate 

notation 
ga5 

nltrogen 
nltrog!n 
nltrogen 
nltrog!n 
n1troqen 

ur 
au 
ilr 

aIr 
ur 

10-205 Bulk copper,lead,pyrite flotation in nitrvgen with stage 

addition of collector, then zinc flotation in nitrogen. 

.'. 
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CD 

10-206 Bulk Cu,Pb,pyrite flotation in nitrogen, single addition of 

collector, zinc flotation in nitrogen. 
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... .... ., 

salolt referenee 

bulk rougher - 2 IJnut's 
bulk 5cavenger - 2 IJoutes 

ZJnc rougher - 3~ second 
zioc rougher - 1 IJoute 
zinc rougher - 2 .10utes A 
zinc rougher - 2 11nuteS B 

ZJnc scavenger - 30 seconds 
ZIOC scavenger - l IJoute 

F LOT A T ION CON DIT ION S 

pH ietlvator Pre-eonditlonlng 
added 

collector 
t(Pt addition 

g!t giS hie 9ft 

8.5 SIPX 100 
8.5 

10.0 l:!OO none 5 lIn SlPI 5(' 
10.0 
10.0 
10.0 

10.0 SJPI 3~ 

10.0 

6RINDIN6 CONDITIONS: 

30 Itnutes. 111d steel charge 

1200 9ft :Jnc sulphate 

flotition 
gas 

Rltrogeo 
nI trogen 

~Ir 

ur 
air 

air 

aIr 
alr 

10-206 Bulk Cu,Pb,pyrite flotation in nitrogen, single addition of 

collector, zinc flotation in nitrogen. 

.... 
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10-207 Copper activation and zinc fl4)tation in nitrogen only. -CD 
o 
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salDle r!f!renc! 

:lnc rough!r - 30 seconds 
zinc rougher - 1 Ilnute 

:ln( 5cavenger - 1 Ilnute 1 
zInc scav.nger - 1 Ilnute II 
zinc scavenger - 1 IJnute III 
unc: sc:av!nger - 1 IJnute J'J 
:lnc: scavenger - 1 Ilnute V 
zinc scaveng!r - 1 11nute VI 
:ln( scavenger - 1 Ilnute VII 

F lOT A T ION CON DIT ION S 

pH ictlvator Pre-condltlonlng collector flotahon 
added type addlhon gas 
glt gas hie g/t 

10.0 1:00 nltrogen 5 lin SI PI 50 Rl trogen 
10.0 nitrogen 

10.0 SIPX :0 nitrogen 
10.0 SIP. 20 nltrogen 
10.0 SIP! 20 nltrogen 
10.0 SIPl 21) nltrogen 
11).0 sm 2~ nltrogen 
10.0 SIPX 20 nltrogen 
10.0 sm 50 nltrogen 

6R1NDIN6 CONDITIONS: 

30 IJnutes, stalnless st!el cnarg! 

1200 ;/t zinc sulphate 

10-207 - Copper activation and zinc flotation in nitrogen only. 

•• 
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10-208 Bu11t Cu,Pb, pyrite Elotation in nitrogen, zinc flotation 
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pH .ctlvator Pre-condltlonlnq coUectar flohhon 
s'Iple referfflce .ddl!d type .ddlhon giS 

g/t giS hie g/t 

bul~ rougher - 2 IInutes A 8.5 nltrogen 20 lIn SIPI 50 mtragen 
bulk rougher - 2 Ilnules B 8.5 SIPX 30 nltrogen 

zinc rougher - 30 second 10.0 1200 none 5 lin SIPI 50 nltrogen 
ZInc rouqher - 1 Ilnute 10.0 nltrogef\ 
zInc rou9her - 2 Ilnut,s A 10.0 nltrogen 
zinc rougher - 2 linut.s B 10.0 nt trog'" 

zinc scavengpr - 30 s,conds 10.0 SIPI 30 nt trog,n 
zinc sc.ver.ger - 1 Ilnute 10.0 ni trogen 

.A 

1 

Zlnt sc.venger - 2 Ilnules A 10.0 nltrogen 
CD ZInc sc,vtnger - 2 'Inates B 10.0 nltrogen 
Co) 

6RIMDIN6 CONDITIONS: 

30 Ilnutes. stalnless steel charge 

1200 9ft ZInc 5ulph.te 

10-208 Bull< Cu,Pb, pyrite flotation in nitrogen&:zinc flotation 
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CD .,. 

10-209 Nitrogen conditioning, then Cu,Pb,pyrite notation in air 

and zinc flotation in air. 



.... 
CD 
VI 

t ~ 

Silple reference 

bul~ rougher - 2 .Inutes 
bulk sCJvtnger - 2 .Inutes 

zinc rougher - 3~ second 
:lnc ,ougher - ! .Inute 
%lnC roughef - 2 11nutes A 
zinc rougher - ~ Itnutes B 

z!nc SCiv.nger - 3Q seconds 
zinc sCivenger - l .tnute 

F L o T A T J o Il CO" D J T 1 

pH actlvator Pre-condltlOftlng collector 
idded type iddlhOfl 
,/t gas tlle ,/t 

B.~ oltrogeo 1S sec SIPl 50 
8.S S)~. 30 

10.0 1200 none 5 lin SIPI 50 
IO.{I 
lO.~ 
10.0 

10.0 SIPI 30 
10.9 

6P.INDIN6 CONDITIONS: 

30 Itnutes. Illd !teel tha,~e 

1200 9ft zInc 5ulph3t. 

o " S 

fi ot3h on 
gas 

il' 
ilr 

ilr 
ilr 

ilr 
ilr 

,oH 
ilr 

10-209 Nitrogen oonditloning, then Cu,Pb,pyrite flotation in air 

and zinc flotation in air. 

c , 



10-210 Ni trogen condi tioning,. then Cu,.Pb,pyrite notation in air, 

followed by nitrogen conditioning and zinc flotation in 

air. 



... 
CID 
~ 

SiIP11! ref-rence 

DU)~ fougher - 2 'Inutes 
bulk 5cavenqer - 2 'lnutes 

21nc roughl!r - 30 sl!cond 
zinc rougher - 1 'lnute 
zinc rougher - 2 Ilnutes A 
11nc rougher - 2 Ilnutes 8 

zinc sca~eoger - 30 seconds 
zInc 5[aVengef - 1 'lnute 

F l OTA T J o N CON D 1 T 1 ONS 

pH Ictlntor Pre-condltlonlng collector flotahon 
o1ddl!d type Iddlhcn giS 
g/t giS tue glt 

8.5 nltrogen J .In SIPX 50 ilr 

8.S nltrogen 3 .In SIPJ 30 ilr 

10.0 œ'l) none 5 lIn SIPU 50 ur 
10.0 i1r 
10.0 ur 
!O.O ilr 

10.0 SIPXt 30 ur 
10.0 ur 

6RINDINE CONDITIONS: 

30 .lnutes •• 11d steel charge 

1200 9!t ZInc 5ulphah 

NOTE: 

Nltrogen idded dUrlr.; xanthitl! collfCtlon perlod 

1 n z l'l~ fi otat! on stages. \ see " 

10-210 Nitrogen conditioning, then Cu,Pb,pyrite flotation in air, 

followed by oitrogen conditioning and zinc flotation in 

air. 

c , 
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'11-01' '.'Pr.nC' 

b ,JI 'oo'ljh" 1 Il"'''\ lA' 
.un '~Jfh" 2 ,lA.t.<. '1) 

tltll' \C,.pna-r 2 Iiflutp,; lA' 

'ull !(',PII9tr 111".,,~ /" 
Ilfl' 'Du,ta." t ... ~O c. .. tonds 

lin, 'rrJ~"" .... 1 .t'tut. 

""' ","~., fi .. 1 I,nu',s • 
lin. , ou.',.. hlt!? I.nults 1 

lin< \11""0" - Il'' J~ sOflllld, 
lin, ,,( .. ,n,Pt" ta .. 1 .,n .. t. 

hn.' h,h 
rflnn\"I""d ,,,. 

Il ~I ~I,""A/I': 

~"II 1101.11011 
,,' ". Il,,101'l1li 
lU" • DU"'1"1 "ohliN 
u .. ' '\(-'1"'"'''' flahtion .... ct 1.5 •• n 

fI".' IInl~lt"" , .. " 

-- ------

SOl lOS "ASS BttAl(:f 

'Ulal, '41"'5 tull 

.. "", .. -c:I. 10t.1 
'9f •• ;1 

lb" ~j 

nOI 

8' (1 

15.05 

~(). '5 
4? 01 
J~ 71 
12.10 

40.6 ; 

36.:.6 

'H 10 

"0 19 

16 ZIl 16 m 
69'I21.181 

e :"": II 181 
1 m 32,901 

5 111 !8 0'1 
4 m 41 m 
l 9It 46.181 
2111 48.411 

4.111 57.511 
l.691 56.211 

4l.791 100 001 

~ •• pl., Il''-; ,ull 
.... hI ••• ,1. tohl 

~~9 6~ 
,. :6 

151 ~8 
11.21 

m.70 

23.181 23.181 
,11t 12.'01 

15.511 ".411 
7.1~1 51>.211 

4J.791 100.001 

((J'Pu MSS IUIIŒ lU' ~.:.:o5 M.MC:E 

(!)Op," COCl'''' 
r"o"f'f'", 

1 ... lud 
,C:;SJ, .nl t1 'CjS" u.uts 

III 
(fia ... ,r y 

I!I 

1 4~ 
o llf 

o 1 J 
0.11 

o Il 
a lb 

0.15 
0.15 

o O' 

0.0' 

0.06 

o.m 
o 020 

o 011 

o 002 

o 00" 
o 001 

0.~~6 

0.001 

o 004 
0.001 

0.026 

0.1:'8 

'''9' lal.1 

nm 
, 111 

3.151 
0.601 

2.1>61 
2.071 
J, 791 
1.021 

I.m 
LOU 

'] :61 13 ~~ 
11.411 4 14 

81 m 206 
12.m 2.34 

e. 9S% 0 '0 
17 ~~t 1?8 

B8 BU 1 62 
19.841 1.74 

'~961 '.'0 
".on 0.90 

'.~21 100 001 '.70 
100.001 

ca,P" .PCO .... , 
.... , 1 st.,. lohl 

I.I! 
o.n 
Oll 
0.09 

0.06 

71.m 
J.I61 
7.541 
2.141 
1.021 

714\1 
82. lQI 
8' Bn 
,1. °81 

100001 

2.181 
o 211' 

0.16' 
0.036 

0.046 
o 054 
o 06J 
o.m 

0.037 

'.011 

0.l07 
1.261 

'h9r 10t.1 

67.111 
'.15% 

5 lU 
1.091 

1 41I 

1 6b% 
lm 
1. 19I 

I.m 
1.021 

61 Il! 
7S.91% 

11.151 
82 241 

8!.6~1 

e5 lit 
17 ~6I 
89 m 

IU81 
90 .01 

'.4?1 1~.001 

100.001 

10111 rtto." ~ 
nu, l ,t.g. lotll 

10 68 
2.10 
1.31 
0.90 

0.10 

75.m 
'.271 
'.211 
2.151 
'.401 

'5.m 
82.êU 
18.4S1 
90.601 

100.001 

lite: lIAS 5 If( AI(! 

llfIC 

.... , Il .. t, 
«li 

'-05 
10.10 

7. " 
Il.50 

46.10 

31.20 
t7 40 
4,62 

1.01 

'.81 

1 fb' 
0.;04 

o 5'\1 
o.m 
2.l71 
Lm 
06~ 

0.103 

0.044 

'.010 

:1"( 

'fiO""" 
,t.qr latll 

Iq :4! 

';41 

7. '31 
1 :~l 

Jt.l r: 
J' lU 
lm 
I.m 

o 581 

O.l91 

Iq ,4t 
21.4!t 

JUIt 
lUOt 

,. '21 
80 O)I 

'5 I ql 
'7.1~1 

97 .n 
".:11 

,..... 

IROII ~~SS Ul&l(! 

.r .. 
nu, "OIU 

Ut 

~ t~ 
n.70 

l7 10 
2UO 

15 10 

2O.ot 
2'.10 
36.30 

Il 10 
42.70 

• 1'° 
2.1S0 

3.041 
.445 

0714 

'.941 
1 l'~ 
0.110 

1. 710 
1.57, 

.'. (feo_,r, 

'h9' tot.1 

Il 1:1 
• 1lI1 

10 741 
1 511 

:" 771 

1 'H 
• ~Jl 

2 m 

6 251 
551>1 

" 1~t 
~ ~21 

J6 ~5t 
17 &11 

40 5~1 
4J 5;1 
41 m 
5e 481 

s.m 
'7.1'1 

0.11 0.136 
7.615 

1.781 100.001 24.'0 ln 685 17.711 100.001 
I~.OOI 100.001 :t.m 

Il ne r"Oy"" 

nu, 'h9' lahl 

•. 11 
1.86 

1I.n 
'.95 
•• JI 

:'8 481 
1~.~21 

SI 741 
o.m 
1.711 

28 481 
31. _01 
".251 
'!I.m 

100.001 

HOtI "CD",r, 

1\51' III;. tatll 

31 18 
l5 81 
23.11 
42.91 
24.40 

25.571 
H. lit 
12 65t 

" 111 
37.711 

:5.521 
l'.ln 
50.411 

67.291 
100.001 

10-211 Bulk copper,lead,pyrite flotation in nitrogen then zinc 

flotat ion in air 



~ 

-4 
C» 
C) 

sa.pIe reference 

bul~ rougher - 2 Ilnutes A 
bulk rougher - 2 IJnutes B 

bull scavenger - 2 Sinutes A 
bul~ scavenger - 2 Ilnutes B 

Zinc rou9h~1 - 30 second 
ZInc rougher - 1 'Inute 
Zlr.C rougher - 2 alnutes A 
zinc rougher - 2 a1nutes 8 

zInc sei venger - 30 seconds 
zinc SCà\enger - 1 Ilnute 

F lOT A T ION CON DIT ION 5 

pH actl;ator Pre-condltlonlnq 
added 

collectar flotatlon 
type addItion gas 

8.S 
8.5 

8.: 
8.5 

10,(1 
10.0 
10,(1 
10.0 

10.{' 
10.0 

g/t 

1200 

NOTE: 

gas tlle gft 

10 lin 51PX 50 
SIf'X 30 

SIPU 50 

none 5 lin SIPU '50 

SIPU 3~ 

6RINOIN6 CONDITIONS; 

30 Ilnutes. Illd steel charge 

l~QO 9 t zinc sulphate 

au 
ilr 
air 
air 

aH 
air 

Nltrogen added durl~g ~ànthate .ondltlonlng perlod Isee e: 

lO-~ll Bul", ~pper,lead,pyrite flotation in nitrogen then zinc 

flûtat i<:,o in ai! 

t -, 
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SOli D5 MSS NUII1 CIffO MSS NUI[t U,. lIII5S IIlAIICE Ile MSS IAl.AIIC( 1A1* IIIISS tM.1IQ 

s_lr •• s. '011 c""" CIlfPtr Ifld I •• d lInt zinc 1'00 Ifl!ll IIPI,hl UIIII, tatal '~Sl, IIIIlh 'KOYtr, US" .111 "CO,tr , U5., IIIlh 'PeO • ." 155', ""Ils 'KO ... , ~ .. pl. ,.fp",,(. 1" ,.sl fI) th;' lohl lU 'h;' tatd III 'h,. tohl 111 ,tl'lf ht.1 
hl. '01'''''' - 7.lftul., IG~ tW) IUU IUlll 1 11 o 1(\' 65. nt L5.m IUO 1 .... 50.5.1 50.531 '.2' 1.345 15.041 15.~4t J~.I~ 5.61~ 2U01 2~ ~~1 hU Of .v ... ,., - '1 •• nalp", m.28 11.011 2"."! 0.)2 '.015 Il.101 76.121 10.00 1.10l n.m 79.261 1.52 0.940 10.511 25.54% J2.5O J.5114 15.061 31.661 
" .. 1. ,.,( - ln 5f1''''~''' 1 10.5l I.m 30.6"1 U6 0004 1. lU 77.'U H3 0.035 0.'1(11 P~.I61 3'.70 U!O 4.751 29.791 16 !O 0.16' '.711 3'.m '" l" (OtIr - ln 5' ,vm," 1 na 0631 ll.m o 1. 0002 0.571 78.541 3.82 '.01' o.5~1 SI, 651 36,tO o.m 2.531 32.m 17 ~o 0.110 t.461 3U'1 ~ " .. l, Ij.~, ranI lin su. hl151 1:1.~' Jl.m "2.761 '.11 UJ5 IUIII 8'.421 1.6' '.525 Il.671 u.m .... 2.169 24 751 56.581 J~ 59 Il.475 q.m ".~1 ", Il. ' .... un, ... I"I. 345.70 n.Ol1 tI.12 12.5'1 1.15 15.071 1.39 JI.OJ1 ~5.54 ".Jet 
11 nr n'.'..... -".. l' 5" nnd5 45 49 4.351 67.11t 0.17 0.001 2.J!1 91.741 0.15 t.O!3 0.851 Ç~.I!1 51.40 2.193 24.m Il.1~1 H5 O. '5(1 1.471 l'm Il nr ''',,'',,' Il •• 1 Il.,,1, 2U2 1.1~1 ".m 0.19 o 004 1.311 93.m 0.'4 0.022 '.561 '5.141 40. JO o '26 10 151 ".m 1~.40 '.ll9 1.l'~1 '" ~:1 ZlIIC 'IN"'" - h .. 7 Il ... 1.\ 15.11 I.SOI n.m 0.21 '.001 1.091 94.201 1.27 '.019 '.501 °6.241 21.30 0.426 '.761 ".211 13.10 '.2tIt '.171 91.391 
uor .... ""., - Il et 111 ~I'( ""'5 Il.11 1.75% 72. m 0.22 ~.OOl '.171 '5.011 1.41 '.t.1 0.4111 'b.n! 12.30 o 154 1.12% ".941 16!O 0.211 '.1'1 -2 2~1 ',M ,( •• """ - h .. 1 .... ul. Il.116 1.751 n.m O." '.002 '.751 '15.121 1.36 ... 17 '.441 ·' •• 61 U. 0.010 0.181 ".m 15 9O '.199 ... n 'l.1Il 
hnol hlls 211.14 26.511 100.001 0.05 01)13 4.lll 100.GOl '.4\ '.1" 2.141 100 001 '.U Om 1.=81 1.". vOl 6.17 1.640 '.1'1 lM. 001 '''OII'lIlul" "., 11/45.23 '.111 1(".001 Ult 100.001 '.9" 100.001 23.799 lot. 001 
ifS' ~llIIWIf: 5,.pl. .155 pull [u,prr 'Ka .. " 1 ... 'f[ovrr, lln[ rPeawrr, IrOll rKa.", ••• hI 511111. lohl .n., 1 sh" tot.1 .,ur 1 sh,. tohl ISU, 1 sh;. tohl n\i,1 st", tohl .. 

1'.25 
., ,.u flalillan lI0.~8 29.n1 29.691 0.12 76.121 16.12! 79.261 7°.261 7. '0 25.541 25.54% ~"." 31."1 ~! 6H 0 """ flollllrn-'IJIIQ"" rOll(Pllt,.l. J45.10 ]l.m "2.ln 0.12 12.591 If. 421 1.75 15.071 '4.m I.J' ll.m 56.5el ~5.~ 4'.391 li! ~51 ZI n[ 'IN"'" fi 01 .11 on 1~.14 1.161 70.m 0.19 4.791 94,201 '.90 I.m '6.241 43.48 3UU 96.211 •• '5 3.341 '1 ~Ol ru., .{" .. ,,-, lIohll .. Il .. 0-1.5 .,. 26.17 2.501 13.421 '.21 1.611 95.121 1.42 '.921 ".161 1.9' 2.511 ".121 16.35 1.121 9~.111 h •• 1 IIDhll .. hlh 211.14 2. 511 100.001 ..05 4.111 100.GOI .... 2.141 100. Olt 0.41 1.211 100.001 '.11 '.1'1 100.001 

10-212 Bulk copper ,1ead flotation in air, the'l pyrite flotation in 

nitrogen with zinc reverse cleaning, finally zin~ flotation 

in air. 



~ ) 

.. ., -

F l 0 T A T 1 0 N C 0 N D J T 1 0 N 

pH actlvator Pre-condltlonlng collectar flohtlan 
silple reference added type addl hon gas 

g/t gas hie g/t 

bul~ raugher - tlle 2 Ilnutes 8.5 ur 10 lU SIPI 50 air 
bulk scavenger - tlle 2 Ilnutes 8.5 S!PX 30 ur 

pyrIte roughrr - tII' 2 Ilnutes A 8.5 nltrogen 2 lIn SIPr ~ nltragen '" pyrite raugh,r - tlle 2 Ilnutes B 9.5 nltragen 2 lIn SIPX ~ ni trogen .. 
p~rlte rougher - tll' 2 Ilnutes C 8.~ Ol trogen 2 lin SIrI 5 nltrogen 
pyrIte rough,r - tll' ~ Ilnutes D 8.5 nltrogen :! IH. S!PX 5 ln trD~en 

zinc roughtr - tJle 30 seconds 10.0 1200 5 lIn SIPI 50 ,ur 
Zinc roughlr - tlle 1 Ilnute 10.0 alr 
Zln[ rougher - tilt 2 81nutes 10.(1 aH 

Zln( scaven;rr - t18~ 0.5 IJnutes 10.0 SIPX 30 a~r 

zinc scavlnger - tlll 1 Ilnute 10,0 air 

Zinc reverse raugher - 1 linute 10.0 200 none 5 lIn 51ftX SO ilr 
zinc r.v.rs. scavrnger - J .Inut. 10.0 air 

6~I"DI"6 CONDITIONS: 

~O IJnutes, 111d steel charge 

llnt Sulphate, l~OO 9/t 

10-212 Bulk copper,lead flotation in air, then pyrite f1otation in 

nitrogen with zinc reverse cleaning, finally zinc flotation 

in air. 

t"~ 

S 
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SIl ::" ~<;s 'UIl[ ([J'ru MSS NUI(( UAI MSS ..... E IIIC MSS IrUII(E liIOII MSS ..... E 
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"III ..... ' [Oftc .. I,.!. 411.21 40 .• 2! 9.\2 15 on 1.50 11.661 7.15 12.191 JI." 64.631 
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I.n( ·' •.• nqrr • II. 1 "ntlt! 12.'2 1.2"1 11."1 9.11 '.0112 0.651 95.511 1.45 UI1 I.m "6.m '.56 0.155 0.611 '1.541 16.60 0.109 un 91.111 
Il"! or I.,n,., - ft. 2 IIn,tn 0.00 O.Ml YI.991 0.18 0.000 0.001 95.511 UI 1.001 UOI 06.221 MO '.1OtI (1.001 91.541 1.0. 0.0<10 '.001 ".201 

"" It \ ~115 301 ~o ·21.nu 110.001 Il.05 '.014 un loo.oti l '.44 o.m 3.711 1/)(f.Ilel 0.47 0.132 1 461 100.001 .... I.H~ 7.191 ".191 

rP[D","!u!rd , .. " WUI 0.316 100.001 3.264 '''.001 '.OJI 100.001 24.485 lot. 001 

IESJ 'rII~~II/r': §i~I. '1~5 ,ull cop"" "uvtry lu~ 'HOvrry UftC rtCO'fI, Iron 'KDvtr, 

"l,hl sa.pl. lolll iSS" 1 Ih .. lohl IIu,1 Il. lohl "u,l 1";' tot.1 155" 1 si." tohl 
~ 

el) 
1.23 7J.2!1 7l.1111 12.69 73.211 n.m '.17 1-.571 1'.5n 26."0 N bult lIolJIIl'fI 1(12.66 Il. en Il.831 20.691 2",.11 
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un[ ~,'.,,,~P( f1ahllon Il .. JO.5' 2.14% 71.90% 1.20 1.791 95571 1.'5 1.261 °6.221 '.51 2.m ".541 P.2" 2.nlt "l. III 
IIn.1 110111.011 t •• h 301.50 211. "Il 1".001 0.05 4.431 100.001 '.44 1.711 IIlO.OOl 0.47 1.461 100.00% 6.·0 7.191 100.001 

10-213 Bulk copper,lead flotation in air, then pyrite flotation in 

nitrogen with zinc reverse cleaning, fina11y zinc f1otation 

in air. (repeat of test 10-212) 



~ , F l D T A T 1 o N CON D ! T 1 a Il 5 

1 
{", ~ 

pH achvator Pre-condltlonln9 collectar Hohhan 
salple referene! added type addition gas 

git giS hie gft 

bulk raugher - tilt 2 Ilnutes B.S aIr 10 11ft SlfX SO aIr 
bul~ 5ca~enqer - tlle 2 Ilnutes 8.5 SlPX 30 air 

pyrite rougher - tilt 2 Ilnutes A B.S nltragen 2 11ft 51PI 5 nltragen 
pyrIte rDugher - tl.e 2 Ilnutes 8 8.5 nltrDgen 2 lIn sm s nltrDgen 
pyrite rougher - tilt 2 Ilnutes C B.~ mtrogen 21HI SI'I 5 nltr09'" pyrite rougher - tlle 2 Ilnutes D 8.5 nltrogen 2 lin SIPI 5 nltragen 
pvrlte rougher - tlle i I.nutes E B.: ni trogen 21H, SIPI ~ mtragen v 

pyrl~e rougher - tlle 2 Ilnutes F 8.S nltrogen 2 lin SJPI S nltragen 
pvrlte rougher - tilt 2 11nutes 6 B.S nltrcge'l 21HI 51FI 5 nltragen 
pyrite rough.r - ti.t 2 Ilnutes H 8.5 mtroger; 2 lin SIPI 5 nltrogen 

zinc rouçher - tilt 30 seconds 10.0 1200 5 Iln SIF'X 50 air 
zinc ro~gner - tilt 1 Ilnute 10.0 air ... zinc rougher - tilt 2 alnutes 10.1\ ilr ., 

W 

ZInc sca~enqer - tilt 0.5 Ilnutes 10.0 SIPX 10 .ur 
zInc sCiifnger - tilt 1 11nute 1('.0 air 

zinc reverse raugher - 1 Ilnute 10.0 200 none S lin SIr'! B air 
=lnc reverse scavenger - 1 11nute 10.0 ilf 

6RINDIN5 CONDITIONS: 

10 Iloutes. Illd steei ctarg! 

Zinc Sulphate. 1200 g/t 

10-213 Bu1k cupper,lead flotation in air, then pyrite flotation in 

nitrogen ~ith zinc reverse cleaning, finally zinc Elotation 

: ... 1;.+ .. - ... ~"\- .... ,'" ç ....... - ... 1 -,._"'~.-,l 
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10-214 Bulk copper,lead Elotation in air, pyrite flotation in 

nitrogen, zinc flotation in air 
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pH achvator Pre-candltlonlng callectar flatatIon 
salple reference added type addItIon gas 

g.'t gas hie g/t 

bult raugher - tIlt 1.5 Ilnutes 8.5 alr 10 lIn SIPI 50 aIr 
bulk scavenger - tue 1.5 Ilnute!: 8.5 SIPX 30 aIr 

pvrIte rougher - tlle 2 linutes A 8.5 nltrogen 4 lIn SIPl Ô nltrogen 
pyrite rougher - tlle 2 Ilnutes B 8.5 111 trogen • lIn 51ft 6 "ltrogen 
pyrIte rougher - ll.e 2 Ilnute: C 8.5 nltrogen 4 lIn 51PX 6 nltrDgen 
pyrIte rau~her - tlle 2 Ilnules ~ B.5 nltragen 4 lIn SIP. 6 nltragen 

ZInc rouçher - t.le ~~ seconds 10.0 12QO 5 lIn SIPI 50 aIr 
ZInc rDug~fr - tlae ! Ilnute 10.0 aIr 

... :Inc rougher - tlle 2 Clnutes 10.0 aIr 
co 
CIl nnc scav!!r'~er - hIe 0.5 Ilnutes 10.0 SIP~ 1(\ aIr 

nnc SCi';E!nger - tlle 1 Ilnute 10.0 aIr 

6RINDIN6 CONDITIONS: 

JO IJnutes. Illd steel charge 

Zinc SulphJte. !2QO g/t 

lO-21~ Bulk copper,lead flotation in air, pyrite flotation in 

ni trogen, zinc flotation in air 
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10-215 Bulk copper,lead flotation in air, 

& zinc flotation in air. 

pyrite flotation 
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salple refere~ce 

bulk rougher - tilt 1.5 Ilnutes 
bulk scavenger - tile 1.5 Ilnute5 

cyrlt, rouqher - tllf 2 Ilnutes A 
pyrite roughtr - tIlt 2 11nute5 B 
Il vn te r ougher - ti I! 2 Il nutes C 
pyrite rougher - tlle 2 œlnute5 D 

ZInc rougher - tlle ~~ seconds 
zinc rougher - tlle J Ilnute 
ZInc rougher - tlle 2 Ilnutes 

llnc 5civenger - tlle 9.5 linutes 
tlnc 5civenger - tll! 1 linute 

F l ~ T A T 1 o N CON li 1 

pli ictl vator Pre-condltlonlng collector 
added tyce addition 
gft giS hie g/t 

8.5 a'" 10 lin SIPI 50 
9.5 SIPt 30 

B.S au 4 lIn S!PX 6 
9.5 alr 4 lIn SIPt ~ 

8.5 aIr 4 Iln SIPX 6 
8.5 aIr 4 lin SI!'! 6 

JO.t' 1200 5 lIn S!P! 50 
10.0 
10.0 

10.9 S!f'l 39 
10.0 

6~INDIN6 CONDITIONS: 

JO Ilnutes. Illd steel charge 

I1nc Sulphate. 1200 9!t 

T 1 ONS 

flotation 
ga5 

air 
air 

iH 

ur 
air 
au 

au 
a!r 
air 

air 
lIr 

10-215 Bulk oopper,lead flotation in air, pyrite flotation& 

zinc Elotation in air. 
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10-301 Standard bulk copper ,lead notation and zinc fl()tation. 
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F l 0 T 1\ T 1 o N COri D 1 T 1 ONS 

pH ICt! vator Pre-condltlonlng collectar fl otati on 
salOl! r!ferenc! Idded ho! addition gas 

glt gas hie 9/t 

bu!k rougher - 2 11nutes 8.5 ur 10 lin SIPJ SO air 
bull scavenger - 2 Ilnutes 8.5 SIPl 30 ilr 

:lnc rougher - 3Q second 10.(1 120(' none 5 Ilr sm 50 ilr 
zInc rougher - 1 Ilnute 10.0 ilr 
zinc rougher - 2 Ilnutes A 10.0 au 
zinc rouqher - 2 l!n~te5 8 19.0 Jlr 

=1nc scavenger - 30 seconds 1(1.0 SIPX 30 ilr -tD Zlnc sClvenger - 1 Ilnute 10.0 ilr ., %~nc scavenger - 2 Ilnutes A 10.0 ilr 
zInc 5CJVenger - ~ 'Inute5 8 10.9 iH' 

6p.INOrN6 CONOITIOHS: 

~O I!nut!s. Illd steel charge 

1200 9/t 21nt sulDhatf 

10-301 Standard bulk copper,lead flotation and zinc flotation. 
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F L 0 T A T 1 0 N C 0 N D 1 T 1 0 N 5 1 

pH actl'Jator fre-condltlonlnç collector f! otatl on 
salple reference added t.pe addition g3!: 

9 ft ga: tlle g!t 

bulk 'ougher - :0 seconds A D.1 iIr ~I) lIn SIPtISAX 4') aIr 
ouI ~ rougher - 3(' seconds 8 9.1 :11 r 
bulk raugner - 1 Ilnute A D.l 5i"('SAI 5 air 
bull rougher - 1 Ilnute 8 9.1 aIr 
bul~ rougn~r - : Ilnutes A D.l 51Pl'SA( 5 aIr 
ouI. roug~e' - ~ Ilnutes B 9.1 51 PX ISAr S au 

pyrite rju~n~r - ~ Ilnutes A D.I .. 1!11 5IFt'SAX 6 air 
Dyrlte r~uQner - : Ilnutes B 9.1 4 I!fi SIC! !SA~ é al' 
p~'lte rJugn!r - ~ Ilnutes C °.1 4 ID SIP( 'SM b a:r 
Dyr!t! 'OL~~er - : Iln~te5 D 9.1 .. l,ft SIPI 'SAX il al' 

N ZInc rou~·I .. r - :" seconds A 11).~ o~'" ~one Il) lin SIP,'SAX .. ~ .ilr .J 
0 :In[ ro~cner - :v seconds B 10.: aIr ~ 

zInc 'c~g~I!' - ! Il 'lute A I\!.~ il' 

:Inc 'OJ9~fr - 1 Ilnute ~ lQ.~ SJ~I'S{ll ~ an 
Zinc ro~anEr - : Ilnutes A 10.2 aIr 
:In~ rCLçre r - ~ Ilnute: 8 10.: SI F'I fSAX 5 31' 

NOTE: 6RIHDIN6 CONili7IONS: 

500a ~5r ~5eO for ph ad)ustlent durlng bull flot~[:Dn 2S Ilnutes. ,:ld steel c"arge, F~S IlII 

lile u:e: fJr pH adJu~t.ent "_rlng :In( tlQtat!~~ I~O g't :L::-~r OIO,lde 

lO-4Jl SUlk copper,lead flotation in air, pyrite flotdtion in air 

and zinc flotation. 

""Wt _ 
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:es~ nUlber F l 0 T A T l 0 N C 0 N D l T 1 a Tf S 

pli act! vat or Pre-condl t lonlng collector flot3tlon 
~ample reference added t'{p!: addItIon gas 

gft ga5 tlle g/t 

DU! 1 rougher . 3(1 ~ecoroos A Il • 
.1 al" 20 lin SIF'X 'SA> 4(1 alr 

bull rougher . ~Q seconds B Cl.l i!r 

bul~ rougher • 1 alnute A Cl.l 5!PY'SM 5 aH 

bull rougher . 1 Ilnute B ~.1 il' 

bul~ rougher . 2 Ilnute~ A a • 51F1 'SH~ r alr .1 ~ 

bu!~ rougher . : .Inutes 8 0.1 SIF, 'SAX cc al r J 

p~'r1 te rougher . ~ Il nutes A 9.1 nI !rogen 4 Iln S!PI 'SAI, t ni t~c:gen 
pyrIte rougher - ~ Ilnutes B °.1 ni!roge'1 4 lin SIP' SM b nltr-!)gen 
pyn te rougher . : Il nutes C Q. ! nI trogen 4 lin SIFr SAY Cl Ol tr(l~en 

p~rlte rougher . 2 Ilnutes D 9.1 nltrogen 4 lin SI;Y'5tH 6 nltr!Jqen 

N :lnc rougher . 30 5econO~ ~ 10.: b~.(' none H' Ilil ~i::7'SAx "'Ir 
al~ 

0 Zinc rougner . :0 seconds B 1'.1.2 Er 
Co) Zinc rougher . 1 Ilnute A 10.: air 

ZInc rougher - : Iloute S 10.2 51P1:5AX 5 alr 
'I~C rougner . : .lnutes A 1{;.: an 
:lnc rougher - ~ 'Inute~ B 10.2 SiP"SAX 5 al' 

NOTE: 6FINOIN6 CON~ITION5: 

Seoa ash useO tor ~H adJustlent dur:ng bul~ flotatlon ~5 Ilnutes. Illd steel charge. B~S Ill! 

~lle useO ror pr adJustlent durlng ::nc flotatlon 150 g't sulphur die :de 

10-402 Bulk copper,lead flotation in air, pyrite flotation in 

nitrogen a~J zinc flotation 



N 
o 
• 

fI. 

weel. "'.,.n', 
buU .nual!", 

kil ".,.1", 
&ull '''''~P' 
'ul. ' .... 'ft .. r ''II' I ... t,"pt' 
~ult , III'''''' 

;n srr III,dl • 
'0 c., [)fOd~ 1 
1 _,nul •• 
1 •• ftat~ Il 

1 l'ftul'I A 

~ .... 1'1 t 

'l"" .f- 'onc 1rt UI/Pflo.r 

'Y' .f" (UII( III ~('I",n'l'" 
,y, If .. cttllt 'ft .(, .. , .. ", 
""l, '.n,1 'n," '1" ~[ .. I .. hl 
,,"It ,IIIr (""".t,.t, 

,.ne ,1tU .... ,. t ... lI') ~f'rOft.~ 

"In( 'Ut"h", tl"!O ~.f""d, 

""( ''11'.'''' Il., 1 Il,,,,Ip 

U/I( 'III'Gb., Il.,. """" 
unt '''''''1'' ta ... l .,nnl,." 
unc ,oe, ..... , ta. 2 •• nut .. , 

hui "Ils 
"(OII~tttul •• l," 
I(SI ç,_r' 

'ull Il ohio no 
,y'.h '111.1' rcnrf'nh.t, 
Jllt( ',na "rit. 1I0.t 
UOl ,"',""., /1 nlltt m 
110. rOl_'I'''~ ,.,.,rPflhdp 

Il,,.1 lin .... "" IIlh lurl I.st IIne (0111 

SIk.I~5 MSS I~W;{ 

H..,I. ..s~ ,ull 
... ,ht u..,I, totol 

I~I 10 
11.10 
6'.10 '1 90 

In@ o~ 

41.30 

16 ., 
24. 21) 
U.lO 

m.eo 
591.60 

IGJ.M 
U 60 

34.1)1) 
21 ~~ 
21.I,} 
3J.5(I 

'00.40 
19'11.10 

5 06t 5~: 

I.B': ~ m 
1. 2n I~. 1°: 
•• ,~% n 50! 

5.451 2~ m 
2.011 n.m 
o 8~ n.';l 
1 211 2' \4! 

2.111 2'.m 
15.m 52.on 
29.m 
5 •• n 512'l% 
1.J!1 59.511 

I./tl 61.241 
I.m 67.661 
1 on 61. "S' 
1.".1 65.'31 

l4.5n 1110.001 

,..,If •• n ,ail 
.' ,hl Slip" totll 

441.60 
51! 8~ 
Il.10 

214." 
m.'IO 
m.,e 

n.1Il 22.111 
25 731 41.BU 
4.2~1 

Il. '21 
15. '2l 63.1~· 

16.~1 1(10.001 

-
tiffE' MSS IUJ[[ LEAl MSS NUIl( ZlII: MSS IIIUII:( IP1l!IIIASS _Ml( 

[op,rr 
"~., un, t5 

[:lJ)'" 

rp[oW!", "If "u, "Ils 
!tlf 

rrea ...... ' 
ZlftC 

1551, ", .. 10 

III 

:anc 
rKO,.,." 

ln .. 

.~5.) •• utl 
t:J 

IfOft 

!II 

2 51 
1 8. 
1 12 
91' 
~ 41 
~.4S 

~ 14 
o 15 
&.21 
0.11 
0.17 

ft 16 

0.11 

0.17 
no 
~ '. 0.16 

o.n 

t.l:! 
o 0~5 
O.O~ 

o OH 
o o:~ 
0.009 

0.0fI1 
Il.0112 
O.O~ 

'.0" 
'.ON 
0.001 

UOl 
MOl 
~.002 

'.001 

0.0.5 '.l. 

st." tat.l fIl 

17 84t 32. BU 11.40 
1. m ... 78t IUO 
o.en 51.121 15.10 
•• 511 00.6Jl '.3' 
U OI 6/.m 5.15 
1.m ".631 l.1' 

O. ~01 '9.921 
e.41: 7,} 3-1 

1.1It 71.561 
Il.261 .... 21 
n."1 

I.JI 
1.94 

2.3' 
I.il 
l.l4 

2.131 ".95~ 0.19 
O. "8\ r..13l •• " 
o.m ".411 1.02 
O.7~t Il.211 1.'2 
O.~~· 81.141 1.51 
0.6°1 •• 411 1.33 

Il. m 100.001 0.:5, 
100.001 

""Ir 'KO'Ir, 
ISU, 1 sh9f tot ... 

1.22 
0.11 
O.il 
O ... 
0.11 
o.n 

''''11 "'31 
Il 261 10 •• 1 

1.911 

4.'21 
6161 '1.741 

12.261 1".001 

I.nl 
'.lTO 
'.411' 
'.361 
'.211 
'.077 
0.'" t.m 
'.052 

'.314 

'.(141 
t.OlI 
t.ol1 
'.022 
'.~\1 
'.022 

'.204 
1./64 

'hg' tahl 

11.291 

"'~l 
Il. 001 
'.761 
7.461 

2.031 

31.20: 
4!.O~1 

6\.02% 
70 1'"1 
71.m 
10.211 

7.56 
1.~6 
10.~0 
10.30 

Il.20 
Il.10 

q.10l 8'}.581 41.'0 
0.621 Il.m 3'.10 
1. l8t 82.581 2U) 
1. m 'M21 1.64 

IU41 5.74 

1.011 -2.1111 
'.4'1 '2.5Ql 
o.m 92.961 
0.~11 'l.m 
0.461 '3 '01 
'.5'91 94.5111 

5.421 100.001 
10G.lOl 

~.~ 

~~ 

Ü.~ 
~.~ 
I~'IO 
~~ 

0.15 

IrH .KO.lry 
iSIi, l ,t", totl' 

Il 61 
1.22 
2.06 .... 
1.21 
... 2 

10.211 80.211 
l.lU •• 621 
2. lOt 
3.071 

5.m 93."1 
' .• n 100.001 

US! •. I~' 
0!J4 

'.m 
UII 
0.230 

0.1'1 
'.m 
0.4'3 
I.4Zl 

2.144 
0."4 
0.691 
0.361 
0.1"5 
0.013 

'.011' '.m 

Ihtt tolll 

4.m 
LI'I 
3.95: 
5.371 
7.241 
~. 721 

'.12: 
5 64t 
5.6nt 
5.0(11 

:0.361 

4 5'1 :~:~ 
6 '"1 :::9 
I~ 3!! l5.50 
15. nt 29 10 

12.'11 !n.6n 
25.601 lUO 

20 Il! 
~5.451 

Ü.O~l 

".05l 

I! H 
IU{l 

26.5" 
~7.5~ 
~5.22 

13.'11 71.m 10 2(1 
Il.111 '3.2'1, 10.10 
1.271 ".51% I! l~ 
4.211 '5.791 10 ~ 
2.321 98.111 Z~.@O 
'.171 ".'81 27.5(1 

1.021 100,(1(11 15.10 
IOUOl 

une .KI.lrY 

UllY l'li" totll 

U{l 
1.64 

10." 
17." 
15.74 .... 

25.6'1 25.6': 
'.eOl lO.6'X 
15.~61 

52.051 
61.m 91.111 
1.191 100.001 

1.023 .. ,,-
0.':6 
l.l97 

1. '" 0 •• 56 

0.111 
e.m 
'.515 ,.., 

'.527 
t.m 
• 12' 
'.278 
~.nl 

0.461 

5.220 
21.631 

r'(D",.r~ 

Ih9' tohl 

'.m 
1.171 
3.S"1 

'.m 
1.(\6: 
2.1'1 

•. ':1 
6.lrx 
'.!~1 

I~.m 

?= 1'1 
:'.·61 

•.• ·1 :S 4n 
•. @!Il :6. 'Il 

2.431 ~I 141 
4t.m 6Ul1 
".601 

2.231 71.1!'1 
t.m 1] en 
•• 961 7l.1~1 
1.111 '5.~O! 
O.'U ;5 ObI 

1.951 17."~ 

2Z.~1 100.01'1 
IfIG.OOl If. rf'Co~tr, 

l'II, 1 Ih9' tehl 

26.6. 
37.50 
21.11 
12.19 
15.10 
15.'1 

24.·61 2 •.• ~I 
'9.131 65.1'1 
3.781 

'.~·l 
10.1'1 75.96t 
2'.041 100.00% 

10-403 Bu1k copper,1ead flotation in air, pyrite flotation in 

nitrogen with zinc r~verse cleaning, and zinc flotation in 

air 



t ~ t""'- -,. 1 

r: L 0 T A T 1 0 N C 0 N D 1 T 1 0 N 5 

pH ach v3tar Pre-condltlonlng collector fl otatl on 
sa.ple referencl! added type iddl hon gas 

g't gas tue gft 

Du]. rougher - ~(I seconds A 9.1 aIr ZO .lli SIF'X/SAX 40 aH 
bl.:\ ~ rDugher - ~fj seconds B 0.1 ur 
bul. rougner - 1 Ilnute A 9.1 SIF'J'SAX 5 ur 
bUI k rougher - 1 Il nute B Il.1 al r 
~u:. rougher - 2 'lnutes A 9.1 SIP1 IS". 5 air 

bulk raugher - ~ Ilnutes 8 °.1 S!P(:SA( 5 ur 

pvrlte rougroer - 2 'Inutes A 8. Q nltrogen 4 .1Il SIn 'SAX 6 nltrogen 
pyF'lte r()l!g,er - : Ilnutes 8 9.9 nltrDgen 4 Il:1 SIPV!SAX 6 nltrogen 
pYrite rougner - ~ Ilnutes C B.O Ol trogen 4 Iln 5!F'X 'SAJ 6 ni trogen 
pyrite rougner - ~ Ilnutes D B.9 nltrogen 4 lin SIf't'SAX il nltragen 

Zl~C roughe r - 30 5e~o~a; A 10.2 6~ll none 1{1 lin S!PJ '5Al :?5 iur 
N zInc rougreF - :0 secondS B 10.2 il" 
0 :In( rougner - 1 Ilnute A 10.: ur QI 

zinc roug~er - J 'lnute j 10.2 SIP. 'SAX 5 ilr 
:IO( rougner - : Ilnutes A 10.~ ur 
zInc roug~eF - : Ilnutes 8 19.2 SIPt.'SAX 5 ur 

zinc rei@FsE flctatlon - lO seconds 10.:; 1 (Ir. al" S Il. SI PX 'SAl ~ 3H .; 

Zinc re~er5i! >!ot3tlon - 1 Ilnute 10.5 3:r 
:Inc re,er~e flQtatlon - ~ Irnutes 10.5 ilr 

NOTE: 6PINDIN6 CONDITIONS: 

Soda isn u:~d for pH adJust.ent durlng bull flotatlOn ~5 'lnutes. Illd steel c~3rge. P": 1111 

lle2 ~sed -3r pM ~aJustlent durlng :Inc flQ~3tlQn 150 g't sulph~r ~lQ~lde 

10-403 Bù1k copper,lead flotation in air, pyrite flotation in 

nitrogen with zinc rdverse cleaning, and zinc flotation in 

air 



~ 
fA. 

SIll DS 1lA55 IAUII(E [(fPER MSS IAUI(( UM MSS ""IIICE lUE MSS IAlMCE 111!111 MSS klll[( 

fja-rtl- .':'Irj'" ,ull COIlPpr cop,", h., ... d une :IAC "00 ., ... 
... qhl "0111. tot.1 .55., unit" rfCO~f'f ., ns., .,i, ,.[OW,,., n", .,b r,CQ • .,., ISSI, UII' t5 nu.,ry 

, • .,._ r,' ... pn(p !li stiqr tati! 111 sti9' tohl 111 stiq' tohl III lli" Illt.l 

aull • ,.,."" . 2 .'""'U fAI 91.00 4 81>1 4.96% 2.62 0.121 ~2 471 12.471 17. JO 1.321 14.m J4 m 5." '.276 3.24: 3.241 Il. 00 0. 0 19 l.I~1 3.151 
'ul. ,"',"' ... 2 .'OUlfS III 11IO.1lO 9.0JI Il .• n 1.10 0.099 25 2·1 51.761 ".10 1.213 33.101 67.611 10.50 1.'41 Il.121 14.371 25.20 2.2'5 '.~l n.lol 

bull c, ... #.n9~ - 2 e.nlttp-; tA' 21 f19 1 :51 15 ~1 0.60 '.001 7.071 5'.8~1 ... 6 0.117 3.051 '0 68t 10.70 t.m 1.191 1"'71 26.jft 0.~56 I.m JUSt 
'uU " 1. Pr.,-r . 1 .," •• I,~ fil 17.59 l eql ".m '46 UII 4.551 64.m '.70 '.111 4.751 1s.m '.15 t.m 4.171 2'.241 32.20 I.m tzn 20.1:1 
hll ".""9" . 2 1If111", 1[1 15 ... 0 7.J11 26.991 o 77 U71 5.lU 6Un 2.59 0.791 5.m 19 661 7.04 0.541 6.421 26. ut 35.10 2.721 Il.431 ll.3~1 

'ult " .. "',,, . 2 .,"ul., fil 237.10 II. 191 11.791 0.15 0.011 4.5': 74.271 1.57 0.117 4.151 15.511 5.12 O.68~ 7.'1111 ~4.6U 35.1' 4.245 17.1"1 ... ~U 

llnr ."""h" - t .... ~l) 'l:;f'fnftth ".b~ 4"1 43.70% ~ 18 0.O!'t 2.2'11 76.561 1.12 0.056 1.451 ~6.m 1'.10 1.'93 n.m 57.m Il.20 '.559 2.341 51 ~~. 

""' '"II,.,rr 1 .... 1 1 .... 1, 101 I~ 5 Mt '11.861 0.22 o 911 2.1'~ 7·.41)1· 1. JI 0.066 1.131 98.6°1 li. 40 1.941 22.851 1ft. 761 I!.;~ '.66' 2.tnl 5' 411 

li'" "'"!JI''' . l, .. 2 """1~~ • 14 10 1 m 52.601 ft.]6 0.01& 2.481 81 B81 1." 0.061 UQI 9~.'291 2'1.20 \.094 12.'41 "3.601 Il.20 '.682 2.sn 57.34: 

llnr 'Utl""; h ... "1 .Inut.~ • H 2" 1 8'1 54.47! 0.24 0.\104 1.141 IJ.031 1.76 Il.on 0.8~1 91.151 11.7. '.21~ 2.561 ".161 2'.~ 1.463 1.'41 5 •. ~9I 

'illf ·f •••• 1 .. .., - 'I.~ ln .... , .. , .. " n.5IJ 1. III :55.601 0.71 1. fil] O.78t 83.1101 1.39 0.011 0.411 ".611 '.11 '.069 0.11% ".'71 28.'0 ~.316 1.311 • ., b~I 

Il .... 01;, ..... 11'" - fi.,. 1 •• n.t. 11.10 1 nI 56.ln 9.16 o OOl '.7'1 IU91 1." '.021 0.521 'l.1ll l.tI '.046 '.551 t1.5Il ~.20 t.m 1.~1 62.m 
Il .. 1 IAlh 8M le 41 211 1(10.0111 0.14 '.1161 15.m 1~0.1)('1 1.70 1.303 7.171 100.001 .... 0.212 1.4°1 100.001 20.'0 ,.~!~ 37.151 100.(1/1% 

". ",,·hl.I,. 'PH 1"".041 0.193 100.001 UU 1(10.001 '.521 11lO.00l 23.164 1110.\101 

,~r;1 ~I"""': ...... 1. .... ,ull • .."or rKGVPrr 1 .... rKOV.,,. U.C rKO.W-, ..... ,te ...... , 

... qht 
__ 1. lohl 

ISSI, 1 sil.., lotol iSSI,1 "iQ' tatll 1151, 1 ,hg. tahl n'i,l 'II" IClIII 

N '"11 IIlIhl,"" 7'1.00 13. en 11.801 1.63 57.761 51.7111 Il.72 ".nt 61.611 1.11 l4.m 14.m 2~.'" I,.m 1'.lOl 

0 
,y, ,l, IInl.I, ... 4q6 59 24.9r1I 31. 791 0.7. l6.m 74.171 2.16 17.881 85.511 '.94 20.211 J4.641 ::4." 35.931 ...~U 

z,nl ....... '.., .lot"'.'NI 311.60 15.681 54.471 '.21 1.751 91.t>1l l.lI 5 •• n 9I.15t n." 61.521 ".161 1~.14 ,.,Cl S·.2!! ca 
lun crn.I1''''' fI"'~tlon 46.29 7.321 56.7'91 0.7' 1.561 ".591 1.64 '.991 °1.131 4.'11 1. ~5t '1.511 2'.57 un 62.151 

hh.1 IInhh ... 10." 161.7t 4J.21l 100.001 '.14 15.411 100.001 '.70 7."1 100.001 049 2.491 100.001 2(1.9(1 37.151 100.001 

10-404 Bulk oopper,lead flotation in air, pyrite flotation in 

nitrogen and zinc flotation in air. 

(McGtll procedure) 



~ ? .-~ 

F L 0 T 4 T 1 o • c 0 N D J T 1 ONS 

pli achvator Pre-condltlonlng (ollector flohtlon 
sa'Dle reference added type addItion gas 

Ij/t ~as hie gft 

bulk rougher - tlle 2 Ilnutes 8.~ ~! r 1Ct lIn ~!!" ~ 
.. ~ aIr _.J 

bul~ 5cavenger - t'le 2 IlRutes 8.5 SIFl 15 âlr 

PYri te rougher - h If 2 Il nutes A 8.5 nI trogen 5 lin SIf'X 6 ni trogen 
pyrIte rough!r - tlle 2 Ilnutes B 8.5 oltrogen 4 lin SIF-X 6 nltrogen 
oyrlte rougher - tlle 2 11nutes C 8.5 1i1trogen 4 lIn SIn 6 ni trQgen 
pyrlti rougher - tlle 2 Ilnutes D B.5 01 trogen 4 lin SIr~ b nltrogen 

:Inc rougher - tlae JO seconds 1(1.5 120(1 5 lIn 5IF \ 50 aIr 
=10C rougher - tlle 1 11nute FI c; JO" air 

N :lnc rouqher • tlle t Ilnutes 1~.5 air 0 
zInc rougher - tlle 2 Ilnutes Ju.S .... ilr 

=lnc SCii'enger - hie 0.5 Ilnutes 10.5 sm 30 air 
zinc scavenger - tlle 1 Ilnute 10.5 alr 

6RINDIN6 CONDITIONS: 

2~ Ilr.utes. Illd steel charge. 8"5 1111 

:i~( Sulphate. 120 9 't 

10-404 Bulk cupper,lead flotation in air, pyrite flotation in 

nitrogen and zinc flotation in air. 



~ ~ 

SIIUII5 MS5 tAlAll[E Cœ![R IVISS tAllM:( lUI MSS M.1IItE lI": MSS "_E 1'01 NSS ..... t.II([ 

!I.plr '''5 ,.11 [!III'!' [1JIl'" l,., IUd lIn( 1111{ IrlIII 1'(!jI 
II!lgh! ~.epl, tot.1 1~5', "1115 'P(D • ." .55., Plh 'Ka .... ' n~., IIIl1ts n(aO." 1§5'Y ... 115 'HO'''. 

, • .". "',.,,,·,rp I .... SI III shgr tahl lU Sh;t tatll 111 sh,. tohl lU sh,. t~hl 

", •• ''''f~'Pf 1 alft'J"! 51 44 5 m 5.451 ].J, O.I@5 ~7 '71 57.'11 17.20 0.'J1 l7.'61 ~7.06! 6 10 0.371 J.·8! 3.°91 25110 1 ·él 5.~51 5.551 
tuf' If., ,."n",., - 2 .Ifttlt.~ 50.74 4. '31 10 181 0.15 00:5 Il.141 ". \11 '.34 0.442 17.411 54.541 ... 0 1.464 4.981 1.'61 27.00 1 ë7. 5.201 10.751 

",,.. rnnr 1. 5C'.'"'-' lU. 1.~6% ". ~.: '.15 ~ /III} r. n71 7'.171 5.41 0.014 2.'11 5T.m 32.1':) MU 4. "1 Il. '51 22.)0 e.)n3 1.231 Il.'81 
.,'1'. (OO( 1. \C,.,II,H 0.0') ~.~"1 11541 0.(1/1 ? MO o onl 70.171 ~.OO • Gee 0.0(1% 5'.451 UO 0.0(\(1 ~.(I"t 13. '51 '.00 1. (\(le '.001 Il. C!l 

" .. " lino' ' .. " Il. sur IIllsl 410.4~ ~g:'81 4U21 0.11 O.~42 ~l ~n Il.311 1.50 '.574 22.m 19.151 4.n 1.902 2'1. 4~1 34.111 !I.IO 14.514 5'.~&t 1t.m 
"'." ''Ih, rr)n[Ptlh.t. 42 .... ~. 641 '.11 14 211 1.63 25.611 5.'2 25.111 31.:16 60.591 

,l'U f (~,qh,., .... 3& ~'rllll~5 ".22 1 "21 52.641 '.11 o nh5 1. ~'I ".971 1.09 o.on 1.211 11.3;1 SI. 40 1.646 17.!&! sl.m '.14 0.258 1.051 '2.1°t 
!'f" , ·,uah,. 110' 1 .I".'P lO.72 JI71 S55~! 0.1~ 1\ (III~ 1 8111 111.171 1.16 t.oj6 1.431 '2 e~1 'Ut 1.4It IS.141 61 001 UI '.21' l.tU H.m 
l1uI ''''t'''''' . ft., , .,nut.\ '2.45 '.'61 !l'.4hZ O." ~ M'fi 1. ~'1 ".m 1.46 O.OSI 2.291 !5.l'Bt ~5.10 1.41l 15.181 .2 t1l Il.6(1 ..... 1.031 15 5~t 
Il''' ";. '.fOn,'" - h .. '1) '"Dfld'\ 20.3& 1 rI 61.!61 fi. 20 1\ M4 1.1'1 ~.121 I.H o.el' 1.291 '6. !81 ~I 40 '.595 ,. '81 8!.~H " .. '.l2t 1.301 16.851 
11111 Ilf .toP"""" - ft .. 1 ."ttt" IU4 1 511 61.171 tt.ll o ~o, 1.(MII '1.321 1." 0.'2' 1.161 IUH 25." 0.391 un '2.771 20.60 t.m 1.271 11. t:!1 
11'1' t,1 J"'I1''''' - hl. 2 I.nnt,,; 21.59 2.1\l 64.981 0.15 n.OO3 0.991 92.m 1.83 0.039 1.521 19.061 12.00 '.153 2.m ".nI 22.40 t.m 1.'21 10.041 

1If1-1 ',,'r 315.5~ J5 A~1 100 001 0.01 e.~~5 1.6°1 1~.001 '.19 0.271 lo.m 1,.,.001 1.20 (1.42'1 4.m 100.001 14.0') 4.lIfIl ".'61 100.001 

,rr""'II""~ l',d 1072.11 o.m 100.(101 2.529 lot. 001 '.312 100./11'1 24.56' 1(",.001 

Il',1 '~IfIIIMI· 5'8J!1. .~~~ ,..11 (~~",r 'HO'''' I,.d ,ftOV,,, 1I1[ "t!OYfry Ir'" rKav"y 

"'I/Ilt ~ • .,I. tDtal ns •• l SI'9' IDhl "u, 1 st.,. lahl nu, 1 shg. tohl nu, 1 5t'9' tot.1 

II.) 
69.111 0 bu" "01.1 H'" 109.11 1~.I'1 1~.181 216 ".1Il 13.55 54.541 54 m 1." 1.'61 8."1 25." 1&.751 19.751 

CD p,fI" ltu'~I,o. 424.98 lm Il.541 0.25 I.tlt 70.171 5.'2 Mil 51.451 32.1(1 4.7°1 n.m 22.J9 l.nI \1. oBI 
: 1 n' ,,, .. qhrr Il 01011 l1li 1~1.19 41 m 5'.461 on Il.961 19.m 1.46 27.m l5.ne~ !J.JO 6I.42t '2.171 12.~' 63.571 7S.m 
1'''' -".,IIqr" 1101111011 1 .. , ~ 1.5 .Ift 59. JJ 5 m 64.'81 0.18 1.I.t '2.31l J.83 '.tel '0. ('6Z 22.41 u.m 95.40[ 2O.n? 4. '°1 lI".m 
,,,,,, lIohltOll hlts 375.50 35. (121 1110 001 0.01 1.691 100.1(11 '.1' 10.941 100.?O1 1.21) 4. 51! 100.001 IMO 19.961 IOMOl 

10-501 Bulk oopper,lead Elotation in air, pyrite flotation in 

argon and zinc Elotation in air. 



• ~ r 
."$ 

f L o T A T 1 o N CON D 1 T 1 o .. S 

pH aetI vator Pre-condltlonlng collector notatIon 
salP]e reference added type addl hon gas 

gft gas hie gft 

buI~ rougher - tll! 2 Ilnutes 8.5 air 10 lin SIPI 50 air 
bulk sca~enger - tlle 2 Ilnutes 8.5 SIPX 30 aU 

pvrlte rouoher - tlte 2 Ilnutes A 8.~ argor. 2 lin SIPI 20 argon 
pyrite roug~er - tlle 2 I.nutes B 8.~ arCJon 2 lIn SIPX 20 argon 
pyrlte rougher - tilt: Ilnutes C 8.5 argon 2 lin SIPX Ir argon .J 

pyrIte rougher - tlle 2 I.nutes D 8.5 argon 2 I.n SIPX S argon 

Zinc rougher - tlle 30 seconds 10.0 1200 5 lin SIPX 50 air 
zinc rougher - tlle 1 Ilnute 10.0 air 
Zlnc rougner - tlle 2 .lnutes 10.0 au 

zinc scavenger - lile 0.5 Ilnutes 10.0 SIPX jO aH 
N ZInc scavenger - hie! 11I1ute 10.0 ilr 
0 
el) u ne reverse rougher - 1 Ilnute 10.0 =00 none 5 lin SIPX 8 aH 

zinc reverse scavenger - 1 Ilnute 10.0 air 

6P.INDIN6 CONDITIONS: 

30 I!nutes. I.Id steel cnarge 

ZInc Sulphate. 12QO git 

10-501 Bùlk copper,lead flotation in air, pyrite flotation in 

ar'30n and zinc notation in ai r. 



( 11. APPBNDIX J ; MATTA81 ORE TESTWORK 

EFFECT OF COLLECTOR AND SULPHITE ADDITION. 

11-101 Bulk copper, lead flotation in air vith 40 g/tonne 

collector and 3 kg/tonne sodium sulphite, the zinc 

flotation in air. 

11-102 8ulk copper, lead flotation in air vith 40 g/tonne 

collector and 1.5 kg/tonne sodium sulphite, then zinc 

flotation in air. 

11-103 Bulk copper, lead flotation in air vith 5 g/tonne 

collector and 1.5 kg/tonne sodium sulphite, then zinc 

flotation in air. 

11-104 Bulk copper, lead flotation in air vith 5 g/tonne 

collector and 1.0 kg/tonne sodium sulphite, then zinc 

flotation in air. 

NITROGEN FLOTATION 

11-201 Bulk copper, lead flotation ln nltrogen vith 5 q/tonne 

collecter and 1.0 kg/tonne sodium sulphite, then zinc 

flotation in air. 

11-202 Bulk copper, lead flotation in air vith 

collector and 1.1 kg/tonne 

flotation in air. 

zinc sulphate, 

5 q/tonne 

then zinc 

11-203 Bulk copper, lead, pyrite flotation ln air follovinq 

conditioning vith 5 g/tonne collector and 1.1 kq/tonne 

210 



zinc sulphate, then zinc f1otatlon in air. 

11-204 Bu1k copper, 1ead, pyrite flotation in nitroqen fo11ovlnq 

conditioning vith 5 g/tonne co11ecto~ and 1.1 kg/tonne 

zinc sulphate, then zinc f1otation in nitrogen. 

11-205 Bu1k copper, lead, pyrite flotation in nitrogen folloving 

conditionlng vith 5 q/tonne co11ecto~ and 1.1 kg/tonne 

zinc sulphate, then zinc flotation in air. 

COLLECTORLESS FLOT1TION 

11-301 Co11ectorless flotatlon folloved by zinc f1otation. 

211 
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SIIUIS MSS ..... r [II"U l1li55 .... MŒ LEAl MSS _~ 1111: MS5 __ r 1_11$$ _.r 
ueal' In~ •• 11 CapJtr [""Ir l, .. .. If 1111[ 1I11C If. "l1li 
"l,hl u'Ph 10111 '~51. wlIII ,fto • ." nu •• lh 'K"", nu, _.lI , fto.tr , ISU, "II' rKO"", 

UIOI. ,.t" rn" III 'h .. tolll CIl .1 ... lahl III ,t ... totol III .h~ totl: 

... 11 "' .. 01'" . 10 ~HOIO"S lU." 11.51'1 Il.581 7." '.3116 ".101 ".101 1." '.Ion 27.161 21.161 J.'O '.'441 '.2n '.131 '2.'3 '.']6 11.391 17.m 
'ult ~ .... " .. 1 ., .. In 5'." '.tll 11.59l '.12 '.2" 11 lU IJ.44I 1.l6 '.202 21.'21 S6.7n 7.20 '.431 '.161 '.'~I l].JI 2.ee. 1.011 2 ... 61 
.. n 'lu •• ...., Il . 2.S Il .. 1,, 21.71 7.151 n.m ... 0 ..... ""1 ~'.1Il l.15 '.1'5 n.m 10."1 13.40 '.312 UlI 12.111 74.71 '.lM 2.411 ~""l 

,.1It: rtI.·,h" . h •• 1 IIlUlr 1",. 7~ IUIl! lU2t o 12 '.m 1.'11 '7.311 '.]1 '.034 '.921 75.m 55.22 '.121 51 •• n 1t "1 7 ., ..... 2. "Pl 2' 'ZI 
lll'e , ......... li .. 2 liA"'.' • ... " • 5'1 36.(161 0.21 ' .• n 1..11 , •. zu '.67 '.130 '.lll 79.731 ".65 2.116 20.361 ".351 10 ~ ..... 1.141 lI.HI 
zUle ,,,, • .,..., - hw ? .,.ut ••• ..... '.001 3'.1)61 0.00 1100 0."'1 94.131 '.00 O.tMlt 0.01)1 ".m 0.00 '.0(10 '.tol ".m tt'tl ..... •• (1(\1 31.~~1 

II •• ' ~~ ... "., - liN' JO ~"'."'I ,. ... 2.521 31.581 •• J~ • (II)t 1 141 <5 171 1.'& O .... 1.'71 .... nl 21." t.54] 5.m '6.511 24.2' U'2 2.161 13.111 
III( " ..... ".", t IIP 1 IIn.t, '.00 U/l )I.Ul 0.00 '.000 0.001 '5.311 0.00 0.000 UOI 16.101 0.01 U(If UOI ".511 '.01 ..... Utll ]]111 
1111( ~r , .. ",,., • 1 ... 2 IIlUt" '.01 '.001 lI.511 .... ..... 0.001 .5. )71 '.to o._ '.tol 16.001 0.00 '.110 '.tol • '.571 '.00 ..... .... 1 Jl ln 
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11-101 Bulk copper,lead notation in air with 40 g/tonne 

collector and 3kg/tonne sodi~~ sulphite, then zinc 

f1otation in air. 
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F lOT A T ION CO" DIT 10" S 

11-101 Bulk copper,lead flotation in air with 40 g/tonne 

collector and 3kg/tonne sodium sulphite, then zinc 

flütation in air. 
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11-102 Bulk copper,lead flotation in air with 40 g/tûnne collector 

and l.5kg/tonne sodi~~ sulphit~, then zinc flotation in air 
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salP]e reference 

bulk rougher - 30 seconds 
bu'. 5civenger - 1 Ilnut! 
bul~ sCivenqer - 2.5 IJnutes 

Zln: rougher - 1 Ilnute 
zInc rougher - 2 Ilnutes 

lin!: sen'enger - 2 IJnutes 

F l 

pH 

o c •• .1 

9.5 
9.5 

.5 
10.5 

10.5 

0 T A T t o N C o N D 1 T 1 0115 

3~t1vator Pre-condltlonlng collector fl ohtl on 
added type addlhon gas 
gft lJiS hie gft 

aIr 3 lin pIanU 4(1 air 
au 
air 

1100 none 5 lIn ~EX 3t) a!r 
air 

KU 20 iIr 

6RINDIN& CONDITIONS: 

20 Ilrctes. Illd steel charge 

lb('O g't SOdlUI sulphlte 

NOTE: 

Plant ~anthat! co~t;:~: 501 Ethyl ~anthate and 

S('! dl U'l oahosohatl' ICvanalH! 2411 

11-1ù2 Bulk ~pper,lead flûtation in air ~ith 40 g/tûnne collector 

and 1.5kg/tonne sodi~~ sulphite, then zinc flûtatiûn in air 

... 
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11-103 Bulk copper ,lead flotation in air using 5 (J/tonne collectc.Jr 

and 1.5kg/tonne sulphite depcession of pyrite, then zinc 

flotation in air. 
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N -~ 

si.ple referenc! 

bulk rougher - 1 'Ioute 
bul~ scavenger - 3 'loutes 

ZInc rougher - 1 Ilnute 
zinc rougher - 2 IJnutes 

:lnc scavenger - 2 Ilnutes 

F lOT A T ION CO" D ! T ! 0 N 5 

pH ach vator Pre-condltlonlng collectar fl otatI on 
added type addr tlon giS 
g/t gas h.! g/t 

9.5 a!r .3 .ln pIanU 5 aIr 
Il.5 ilr 

10.5 1100 liane 5 lIn t:n 40 air 
!O.5 aIr 

10.5 I(El 20 alr 

6RINDIN6 CONDITIONS: 

20 Ilnutes, .11d steel charge 

1600 git sodlu, Su!phlte 

NOTE: 

Plant xa~thate cantalns 50% Ethvl xanthate and 

50% dlthlophosphate (Cyanalld 2411 

11-103 Bulk copper,lead flotation in air using 5 g/torme collect0f 

and 1.5kg/tonne sulphite depression of pyrite, then zinc 

flotation in air. 

t~-' ~ 
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11-104 Bu1k copper,lead f1otation in air using 5 g/tonne collector 

and 1.Okg/tonne sulphit~ depression of pyrite, then zinc 

flotation in air. 



N ... 
tD 

· .. t~ 

F lOT A T 1 o " C 0 If D J T 1 o If 5 

pH ach '1at~r Pre-candltlonlng cD1Jector flotatl on 
salple referer.c! added type ilddlhon gas 

gft gas hie gft 

bulk rougher - 1 I!nute ~.S air 3 Iln planU 5 air 
bulk scavenger - 3 11nutes 9.5 alr 

ZInc rougher - ! 'lnute 10.5 1100 nane 5 lIn rEr 35 air 
~lnc rougher - 2 Ilnutes 10.5 alr 

Zinc sCavenger - 2 'lnutes 10.5 t(EX :zn air 

6RINDJN6 CONDITIQNS: 

20 Ilnutes •• 11d steel charge 

1000 g/t SodlU' sulphlte 

NOTE: 

Plant xinthate contilns 501 Etny) xanthit! and 

5(1% dl t!u ophosphate (Cyanal! d 241) 

11-104 SUlk copper,lead flotation in air using 5 g/tonne collectoc 

and 1.Okg/tonne sulphite depression of pyrite, then zinc 

flotation in air. 
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11-201 Bulk ~üpper,lead flütation in nitrogen with 5 g/t ~ü11ector 

and 1.0 kg/tonne sulphite depression of pyrite, then zinc 

f1otation in air. 



N 
N -

., . 
salDle referente 

bul~ raugher - 1 Ilnutt 
bul~ scavenger - J IlnuttS 

%lnC rau9~l!r - ! IInutf 
llnc rougher - 2 11nuttS 

zinc scavenger - 2 Ilnutfs A 
zinc sca-Iengrr - 2 Ilnutt5 B 

F LOT A T ION CON DIT ION S 

pH actlvator Pre-condltlonlng 
added 

collector flotatlOft 
tYPf additIon 9a5 

g/t gas hie 

,.~ 

9.5 

10.5 1191i 
10.5 

10.5 
JO.5 

nltrogtn 20 lIn planta 

none 5 .In Œ~ 

r.n 

6R!NDIN6 CONDITIONS: 

g/t 

s 

3S 

20 

~? Ilnutes. Illd steel charge 

10('0 gft 50dlUI sulphltf 

NOTE: 

Plant ~anthat, [Ontalns 5~% Ethyl xanthat, and 

5~lt dlt~IDphasphatt ((vanaild 2411 

nltrogfll 
nltrogtn 

aIr 

ilr 

il' 
ilr 

11-201 sulk cupper,lead flotation in nitrogen with 5 g/t ~llector 

and 1.0 kg/tonne sulphite depression of pyrite, then zinc 

flotation in air. 

'

10

4 
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11-202 Bulk copper,1ead, pyrite flotation in air following 

conditioninq in nitrogen with 5 g/t ::oll~ctor and zinc 

sulphate depression of sphalerite. Zinc flotation in air. 



N 
N 
W 

e i 

salple reference 

bulk rougher - 1 I!nute 
bul~ scavenger - 3 11nutes 

zinc rougher - ! Ilnute 
Zlnc rougher - 2 11nutes 

:Inc 5cavenger - 2 .tnutes A 
zInc scaveng!r - 2 11nutes B 

11-202 Bulk copper,lead, 

F LOT A , 1 0 ~ CON DIT ION S 

~It achvator Pre-condltl0nlng collector notation 
added type iddthon giS 
gft gas hie git 

o ~ 
.. .J nttrogen 15 sec planU 5 alr 
C?5 alr 

1(\.5 1100 ncne 5 lIn KEr 't~ .J air 
lQ.5 ilr 

10.5 KEX 20 au 
10.5 al' 

SP.INDIN6 CONDITIONS: 

2(1 Ilnutes. 111d steel (!large 

1100 9!t zinc sulphate 

NOTE: 

Plant xanthate CDntalns 5Q~ ethvl ~anthate and 

5~t d:thlcp~e~phate ([yanalld ~41' 

pyrite flotation in air following 

cùndi t ioning in ni trogen wi th 5 g/t collector and zinc 

sulphate depression of sphal~ri te. 7.inc flot"ltion in ai r. 

• <, 



~ fA. 
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SIl. 1 os MSS MUNa: toFf[l MSS IAtMICE UAiIIIS5 _E lUe: MSS _litE 1_ IIISS _IIC:E 
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N .. 

11-203 Bulk copper,lead, pyrite flotation in air following 

conditioning with 5 gft collector and zinc sulphate 

depression of sphalerite. Zinc flotation in air. 



1'\,) 

1'\,) 

Ut 

• $ 

silPle reference 

bul~ rougher - 1 Ilnute 
bulk sClvenger - 3 linutes 

zinc rougher - 1 tlnute 
zInc rougner - 2 alnutes 

zInc scavenger - 2 'Jnutes A 
zinc scaienger - 2 .lnuttS B 

11-203 Bulk oupper,lead, 

f lOT ~ T ION CON 0 1 T 1 0 " 5 

pH actlvator Pre-condltlonlng co!lector flotahon 
idded tïpe iddlhon giS 
g/t gas hal! gft 

9.5 air 3 Ill! planU ~ alr 
°.5 ilr 

10.5 110~1 1I0ne 5 tin Kn 35 au 
10.5 ilr 

10.5 /l'EJ 20 air 
10.5 ur 

6PINDIN6 CONDITIONS: 

20 .tnutes. Itld stee' charqe 

1100 9ft WIC sulpl:ôite 

NOTE: 

Phll~ ~a"thit! c:ont11 ns ~(II eth'(! unthite and 

SOt dlt~lophosphite (C~a~i.ld 2411 

pyrite flotation in air following 

conditioning with 5 9/t collectar and zinc sulphate 

depression of sphalerite. Zinc flotation in air. 

r~ 
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s .. all i • ,ph'.N. 

'" Il ,eut/I" 1 .11It. 
, .. 1 ... ,.,,,,., - 3 .... , .. 
hlt " .... t" Il - 2.5 .... tn 

Jlft( '",1""" - .... 1 e.n.l. 
lI'~ ... ,,,,,, - h. 2 "M,ln • 
Il"' l , .. ,~.., - h" 7 ••• _1" • 
1111' '\ •• ",n." ..... '1 .,,.utH • 
11"' i .-.. arr ..... "! .l' ... ! p~ , 

Il,,r ".",""'" - ... 1 e ••• t •• ( 

..... h ... 
,.(O.,\hl~l" lm 

1151 '~JIIIWIWI 

,,," Il "h'lIlII 

li'" "."'IP' lIal.lI. 
N Il ni .. ,. f.'..... ,._,.f .. ,.. 
N ",,~, fi .... " .... tills 

œ 

sa'cs MSS MAlICE CIJ'f'U IIISS III.MŒ lU. 11155 111.11[( 1I11C 11155 IoUII:E 

~."I. "~5 ,ull [GU'" [a"", l, .. lud 1111[ Uft[ 

""I,h! ~IICII. tuhl ns., .. Ih rtun" n~JY "ltS Iftl''''. nu, _Ih rtco".r, 
1., .'51 III Il ... t.tll III sh" totll III slI" tolil 
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'.00 t.091 67 • 'li 0.00 '.000 UOI ".'~1 0,(10 '.001 '.ont '7.m '.00 '.000 0.001 56.571 
nn '.621 74.551 0.42 '.071 '.161 95.11t 0.24 0016 , 1ftt ~~.'1t 50.51 3.349 32."1 ".5l1 
01)<) 0.001 74. ~51 o on 0000 0.001 'r.i !I·. 0 00 0.900 '.001 94 8:1 0.00 '.000 0.001 ".511 
'.01 '.001 74.551 '.00 '.DOt '.001 95.IU '.00 O.ooe '.oot Ot 8~t 0.00 0.000 0.001 ".531 

211.'1 ~.m 100.001 0.11 0.021 '.m 110.001 O." O.O~ 5.171 100.001 '.11 1 .... 10.471 '''.001 
10'17.14 .. .". 101. toI '.190 '''.001 10.'" '01. toI 

,,.". 1~5' 'III [II"'" nll."., 1." rKI1I"., ri II[ 'K_, 
.I,ht s..,I, tolll "",1 st ... talll Kw,1 thtt tolll KW' 1 'litt talll 

m.66 56.111 56.111 '.63 52."1 S7.8~I '.75 ".Ift 61.191 2.'S Il.,n .... n 
I~.'I Il.751 67.m 2.21 n.761 ".651 1." 31.141 '2.531 11.61 ".661 56.571 
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211.91 ~.m 1".001 '.JI '.191 1".001 '.1' s.m 100.001 .... ".471 100.001 

11-204 Bulk copper,lead,pyrite flotation in nitrogen following 

nitrogen conditioning, 5 g/t ~ollector and zinc sulphate 

depression. Zinc flotation in nitrogen. 

~ 

1II1II MSS 11\.( 

l'. .,. 
.nl, '.lts rKO'tft" 

111 'li" tot.l 

'5.22 1'.111 IU31 14.m 
".7l S •• •• ".BI 'l.761 
'.01 O.IOG ' .• 1 Il. 761 

.s.t2 1.366 UOI •• 361 
Il •• 7 0.317 I.m ".431 
'.00 0.000 '.\NII .... n .... 0.605 2."1 ".471 
'.00 '.000 .001 .. UI 

'.to 0.000 '.tol ".471 
'.n '.532 '.511 100.tlll 

29.'7' ...... 1 

Ir. ,K_, 
nu, 1 st. t.bl 

44.24 'l.711 '1.761 
14.32 5.671 ".4l1 

'.\4 2.041 ".471 
'.n '.531 101.0" 
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~ 

~ ~ 

FLOTATION CON D J T JO.. 5 

sa.ple referente 

bulk rougher - 1 11nute 
bulk scavrnger • J linutes 

Zinc rougher - 1 Ilnute 
ZInc raugher - 2 Ilnutes 

zinc sCivfnger - 2 Ilnutes 

aH actlvatar Pre-condltlonlnQ cDllectar 
added type addl tloo 
gft gas hie gft 

".5 nltrogen 20 lin 
9.5 

10.5 1106 nOIlE' ~ lin 1rI[r .. ~ .'.J 
10.5 

1/).5 rn 20 

6PINDIN6 CONDITIONS: 

2(' 11nutes. Illd steel charge 

1100 gft :lnc 5ulphate 

NOTE: 

Plant ~anthate CDntalns 501 rthyl ~anthatr and 

5~t dithIOahQsptoate (Cyanalld 241) 

flotahon 
gas 

nltrogen 
nltroge'l 

air 
aIr 

air 

11-204 Bulk copper,lead,pyrite flotation in nitrogen fo11owing 

nitrogen conditioning, 5 g/t collector and zinc sulphate 

depr~~sion. Zinc flotation in nitrogen. 

•. ~-~ 
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SOtl05 MSS "AI«: E CIJ'PE' IIASS 1Al1IIC[ lU. MSS IAL_E llllC lIA55 ..... E l'C*IIA$S •• [ 
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Iln( ~"'fll~pr • h .. 1 Ilnlll, 21 '2 2351 5IIm O.ln 0.002 0.351 ".In 0.26 '.~O6 f.I'1 '~.651 1.17 '.~:t 0.211 ".031 43.1' 1.015 l.Sn 62.111 
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... ,hI ..... 1' 10t.1 IUI,l , .. " tobl KU, 1 st.., tabl KUY 1 ,t .. ' t.bl uuyl Ill .. lahl 
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CD 

11-205 Bulk copper, lead,pyrite flotation in air followin:;) 5 gft 

collector addition and zinc sulphat~ depression. Then zinc 

flotation in air. 



N 
N ., 

.. , 

sal~l, reference 

bulk rougher - 1 'lnut, 
bul~ sCivenger - 3 .lnutes 

:!nc rougher - 1 'Jnute 
!lnC rougher - 2 Ilnutes 

zinc sCivenger - 2 Ilnutes A 
zInc 5cavenger - 2 'J~utfS 8 

F LOT A T ION CO" DIT J 0 N 5 

pH achvator Pre-co~dltlonln9 collector fJotatl Dn 
idded tYPt! iddltlon gas 
g/t gas hlt! gft 

9.5 air 3 Illi aIr 
'1.5 air 

10.5 lJOO none 5 lIn rH 35 ur 
10.5 aIr 

10.5 KEX 20 ur 
10.5 air 

6RINDIN6 CONDITIONS: 

20 Ilnutes, 111d -::ee1 charge 

1100 gft :lnc sulohat! 

NOTE: 

Plint xanthate contalns SOt ethyl xanthate and 

50! dlthlophosphatt! ([vana.ld 241) 

11-205 Bùlk copper,lead,pyrite flotation in air following 5 gft 

~ûllectûr addition and zinc sulphate depcession. Then zinc 

tlûtatiûn in air. 

f,t\~ 
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/In, I<,,,QI .. , lJ~hllOOl 116.51 IUSt 26.251 UI I.m 9Z.an 1.12 41.001 95.m 42.95 71 501 Il m 1413 1.061 16.711 

ltrl( Cjr.loPIIQ-' "Dt.llon 15 '1 ' 2'1 13 S:! 0.16 1.881 !4.7f)~ 0.39 l.m 8' 461 21.51 IS 211 °1.64! 28.n 6.1;1 23 ~1It 

fln.1 1I0llhon IIJ1, 688.60 66.4S1 100 001 O.OS 5.301 100.001 '.12 10.541 1'10.001 '.21 1.361 100.001 14.34 76.421 100.001 
N 1 

W L-. 

0 

11-301 Collectorless flotation followed by zinc flotation. 



N 
Co) ... 

t ~ .... ,-~ 

F LOT A T ION CON DIT ION 5 

pH actlvat!Jr Pre-condltlon:ng callector flohtlon 
salple reference added type addlhon gas 

9 ft 9iS tIlt gft 

collectotless rou9~er - 1 Ilnute ~.5 air 10 Iln aIr 
coi!Ectorless scavenger - 3 Ilnutes °.5 air 

Z10C rougher - 1 Ilnute 10.5 HO(l none 5 lili kEX 35 ur 
zInc toughe~ - 2 Iloutes 10.5 alr 

:lOC scavenger - 2 Ilnutes A 10.5 .'EJ 20 aIt 
zInc scavenger - 2 Ilnutes 8 10.5 alr 

6R!NDIN6 CONDITIONS: 

20 Iloutes, Illd steel charge 

!!OO gft zInc sulp~ate 

NOTE: 

Plant ,a~thate contalns 50~ ~thyl xanthate and 

50l dlt~lDpho5phate ((vanalld 241) 

11-301 Collectorless flotation Eollowed by zinc flotation. 



12. APPENDIX 4: KIDD CREEK TEST.ORK 

STANDARD AND NITROaEH FLOTATIOH 

12-101 Bulk copper,lead flotation in air, pyr lte flotation in 

air and zinc flotation in air. 

12-102 Bulk copper,lead f1otatlon ln air, pyr l te flotation in 

nitrogen and zinc flotatlon in air. 

12-103 Bulk copper,lead flotation ln air, pyr i te flotation in 

gas containlng 95' ni trogen and 5\ oxygen, and zinc 

flotatlon ln air. 

12-104 Bulk copper,lead flotatlon in air, pyrite flotation in 

gas contalnlng 90\ nitrogen and 10\ oxygen, and zinc 

flotation in air. 

232 
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'''If '1Iot,'If' . 1 IIRlt. 2~.90 tH! 2 •• 1U 0.1' '.tII. o.m '2.141 t.57 '.OU 1.111 7I.m ".20 '."1 ".ln 79.701 11.20 '.262 1.281 n.m 
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N 
USI r:tIIIftIly, s,.,," lUS ,ail c.,.,., 'KO",', l,. '''I.Ir, n_ ,,, .. ,,, ... 'Ka.", 

Col 
_ ..... __ 1. tob' nll,1 sh" tohl A'", 1 It. tatll nll,1 .t. tlh' 1111' • , .. ,. tolAl 

W ,."" Il .. , lIeht •• nt ... 15.781 15.711 . ... 11.341 Il.141 1. St 7Un 10.571 lUI l6.m 16.m 25.01 ".2·1 l'.~ 
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ho.1 1I01lhon b.h 573." ".241 100.001 1.01 6.411 100.tol ••• 2 ".Jn 100.001 '.53 5.161 100.001 11." 56.201 110.091 

12-101 Bulk ~ûpper,lead f1otation in air, pyrite flotation in air 

and zin~ flotation in air. 
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;311ile 'e;en:,ce 

:QPoer Je3C roughe' - 2 Ilnute A 

LQ~pe' l~jd rougher - 2 tl1ute B 
:coper Jfad rDugner - ~ Ilnute C 
(oppe' le3d rougher - 2 Ilnute D 

c.rlte rougher - tlmp ~ Ilnutes A 
pJrlte 'ougner - tlle - Ilnutes & 
:.rlte rougher - tl~P - Ilnutes [ 
p.r:te roug~er - tlle ~ Ilnutes D 

:In( rougher - t1_f 3(' seconds 
zinc rougher - tlle 1 Ilnute 

:In( rougner 8 - tue }(I seconds 
:10C rouqhrr 8 - tl'~ 1 'Inut, 

pH 

1 (1. ~ 

!'1.~ 

Iv.: 
lü.2 

" r .,J 

=.5 
9.: 
o r: 

.01 

11.0 
Il.0 

11.0 
!1,1) 

F L 0 T 

aC!lyJtor 
aaded 
g't 

1~I)O 

ft T ( N [ 0 ~ 0 1 

~re-con~:t!onl~Q co!!ect~r 

tipe ,uldl tIan 
935 ti.e g,'t 

ilr III lin SIJ:; r 
..! 

SIF'I ~ 
J 

51Ft r 
~ 

51P~ 5 

aIr 5 lin SIP: .: 
.: 

aIr ~ lin 51fl 5 
31r ~ .In SlPX : 

.! 

ilr : lin 511-' 5 

5 lin 

sm 5(1 

6F.!N~IN6 CONDITIONS: 

3" tlnutes. Illd steel charge 

Zln~ Sulphate. 1200 g't 

T 1 0 " 5 

flotlhcn 
gas 

DISSOLVED OXY6EN lE'JELS: ppl. 

air copper ' Ie3d rougner - : Ilnut@ A 
air coppEr'lead rou9~er - ~ 'Jnute B 
aIr coppe"lead rougner - : Ilnute C 
ur ccpper/lead rou9~er - : 11 nute D 

iur pyrite roughe" - ~!Ii! = I!nutes A 
aIr P t'rl te rougher - tllftP : Il nutes 11 
ilr pyrIte rougher - :.Ie 2 I!nutes C 
air D\rlte rougher - tl_e ~ Ilnutes D 

av Zinc rougn!r - Ille :0 5econds 
aIr Zinc rouqher - t:te 1 IJnut! 

aIr Zinc rouçner 8 - tlle 30 seconds 
air :In( rougher B - tllf 1 11nute 

12-101 Bulk copper,lead flotation in air, pyrite flotation in air 

and zinc flotation in air. 

f"'.. 

8E61NNINb END 
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.... 1 
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.J 

7.1 .. c 
.01 

7.1 \S 
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N 
Co) 

ca 1 

~ 

test nu.bH F L 
, • T 0 ~ C 0 " 0 T Ù N 5 u ., 

pt! ictlvator Fre-CQndltlonlng collector flotatlon 
s.lole r!fereroc! allded t ,;le addition gas 

9 t i as tue g't 
DISSOL \'ED iJlY6fN LEVELS: pDI. 

~opper/l!~a rougner - 2 Ilnute A 10.2 air 1" Il n SIP~ c 
~Ir coppe r !ead rougher - ~ I!~ute ~ ,j 

cooper !~,c r~ugr.er - 2 Ilnute B IO.~ 511='1 c 3.r copD~r 'i€3d rougher - : 1:1ute B . 
~opper '!ejë rougher - 2 Ilnute C 10.2 SIftX c ur copper'lead rougher - : I!~ute C J 

coOper/lead rougner - 2 Ilnute D 10.2 SIPX c .Hr copner/lead rOugher - ~ I:~ute D .J 

El l'ri te rCL!gner - hw 2 Ilnutes A 9.5 ril trogen 5 1:11 SJ~'X 
,. 

nltrcgen pyrite rcugner - tlle 2 I!~~tes A ,j 

pyrite rougner - tlle 2 Ilnutes 8 °.5 ni trogen : 'liI S!f'~ 
,. 

llitrogen pyrite rougher - tlW ~ linute: ~ ,j 

pyn te rO'_Qlier - h.! 2 Il nutes [ 9.5 nltrogero 2 1:" sm ,. 
f1I tragen pyrIte rougher - tile = IJÎu!e: C ..! 

p{rlte ro~gher - tilt 2 IJnute: D °.5 futragen = Iln SIP~ c nltrogen pyrite rougher - tilt 2 'lnute~ D .J 

ZI nc rougt,er - tlle 30 secon!!. 11.0 l~O(1 5 lin aIr zinc rougher . tlle 30 seconds 
Zinc rougner - tlle 1 Ilnute Il.0 ur ~ln( rougher - tlt! 1 Ilnute 

Zinc rougher 8 - tilt :;(1 secollds Il.0 SIPX ,r alr ZInc rougher B - hie ::0 seconds • .! 

Zinc rouqher B - tlle t alnute 11.1) air :Inc rougher 9 - tlle 1 .Inute 

6RINDIN6 CONDITIONS: 

30 Ilnutes. slld ~teel charge 

Zinc Sulpha~e. 12'){I g/t 

12-102 Bulk copper,1ead f1otation in air, pyrite flotation in 

nitrogen and zinc flotation in air. 

t'" 

BE6INNIN6 END 

·.0 o • 
•• .! 

~.8 ~.a ,. ,. 
.., . .: 10.3 
5.4 o 'f 

.j 

·).5 Q.5 
0.5 (1.5 

'-'.5 Q.5 
(t,5 (1.5 

".1 ".9 
~ . 7.° '.,,; 

"'.6 ".8 
7.4 ".9 
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12-103 Bulk ~opper,lead notation in air, pyrite flotation in gas 

containin.;] 95% nitrogen, 5% oxygen, and zinc flotation in 

air. 



~~ ~ 

test nUlb!r F l [J T A T 1 0 " C 0 N D 1 T 0 • 5 

pH actl'iitor Prr-condltloolng collector flotatlon 
salPle reference added type addItIon 9U 

9ft gas tIle 9ft 

DISSOLVED OXV6EN lEVELS: Ppl. 8E6lNNING END 

copper'le~a rougher - 2 Ilnute A tO.:! air 1(- lin sm 5 air copper/lead rougher - 2 Ilnute 4 b.b 10.0 
cDPper'!ead rougher - 2 Ilnute 8 10.2 SIfiX ~ 

J ilr CopD~r 'lead rougher - 2 11nute 8 b.8 10.1 
copper'le~d rougher - 2 Ilnute C 10.2 SIFX ~ 

J ilr cDPper'lead rougher - : Ilnute [ o.~ 10.b 
[opper/lead rougher - 2 Ilnute D 10.2 SIPl 5 air copper : 1 ead rougher - 2 el nut! D 7.:! 10.7 

pynte rougner - hl! 2 Ilnutt's A 9.5 9S~ N2 5 lin SIPX ~ oS:' N2 pyrl~e roug~er - tlle 2 Ilnutes A :.5 :!.9 .! 

pyrite rüugher - tlle 2 Iloutes 8 0.5 DSI .Z 2 lin SIPX ~ C?5'~ "2 pyrite rougner - tll! 2 11nutt's B ., , 
2.5 J 4.0 

pyrite rougher - tilt 2 11nutes C 9.5 95% HZ : lin 51ft " 95t N2 p~rlt~ rougnEr - tile ~ Ilnutes [ .., ~ 

~.5 " •• .J 

pyrite r~ug~er - tlle ~ 11nutt'S D 9.5 CS! .2 2 lin SIPI ~ c5:~ H2 pyrite rougher - tll! 2 .loutes D .. ~ 2.5 '" .. .J 
N 
W 

Zinc rought'r - tl" 30 seconas 120(1 5 lin SIPI ... ~ 
li ne rougher - hie 30 seconas CD 11.0 ." air B.) 9.b 

Zinc raugher - tlle 1 Ilnute 11.0 aH zInc rougher - tile 1 Ilnut! 8.5 9.5 

Zinc rougner 8 - tlll 30 seconds 11.0 SIPI ... ~ alr zinc rougher B - tlle 30 seconds 8.~ ~.1 ~.J 

une rougher 8 - hl! 1 Ilnute 11.0 ilf ~lnc rougher B - tlll! 1 Ilnute 8.3 9.5 

6RINDIN6 CONDITIONS: 

30 Ilnutes. 111d steel charge 

Zinc Sulphate. 1200 g't 

12-103 Bu1k copper,lead flotation in air, pyrite flotation in gas 

containing 95% nitrogen, 5% oxygen, and zinc flotation in 

air. 
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13. APPIIiDI X 5 

DISSOLVID OXYOBN CONSUMPTION IN A PLOTATION COLUMM 

lt is possible to make a rough estiaate of the oxygen consu.ption 

ln a flotatlon column based on the results reported ln thl. 

thesis. 

"si.: 

10 .etre coluan vith 5 ca In.ide dla •• ter. Yotal volu •• capaclty 

of 0.02 .3. Bubbl.s rlse typlcally at a rate of 2 ca per second, 

.0 th. retention tl •• for the qa. 1. 500 •• conda. Th. pulp 

retentlon tia. 1. a.su.ed at 20 alnut.a, givlng a f •• d rate of 

0.8 lltres per ainute. At a pulp den.lty of 1.25 k9 p.r lltre, 

th. aas. f.ed rate i. 1 kilogr.a per .lnute. 

Oxygen balance 

Oxygen ava ilable : 

The retention tlme of the aIr is 500 seconds, and the gas hold­

up, 20% of 0.02 m3 (0.004 m3). From thi., the qa. feed rate can 

be calculated at 0.48 litres per ainute vhich, at a density of 

1.293qrams per litre (at S.T.P.) ia 0.6grams per mlnute. This 

contalns 19\ oxygen, and represents an oxygen feed rate of 

0.12grams per minute. 

Oxygen consumptlon (from mineraI oxyqen demand alone): 

Figure 4.22 plets the drop ln oxyqen content ln nltrogenated 

vater, and K ldd Creek pulp. The oxygen leve l ln the pulp dropa 

.... - faster than ln the vater, because of the oxygen delftand from the 

alneral. Difference betveen the slopes of the tvo plots (ln the 
241 



,. 

first twenty seconds, I.e. before the oxygen levels are depleted 

and the two 11nes converge aga1n) represents the rate of 

consu.ption of oxygen through mineral oxidation: 

Drop of oxygen level in water 1.8 ppm in 20 seconds. 

Drop of oxygen level ln pulp 7.0 pp. ln 20 seconds. 

oxygen demand during the 20 second period 5.2 ppm. 

This matches the oxygen demand measurements previously made on 

Canadian Sh1eld ores (94). Thelr work showed that as the pulp 

ages Its oxygen demand drops. A proflle from thelr work whlch 

matches Kidd Creek ore ie given in Flgure 13.1. 

PP. DISSOLVED OXYGEN 

15 -

10 -

5 -

o -~--------------------------------o 5 10 15 20 25 lO 

AERATION TIME (MINUTES) 

FIGURE 13.1 - Approx1mate oxygen demand profile for Kldd Creek 

ore. 
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From Figure 13.1, the total oxygen d~mand for the pulp during a 

20 minute residerce time can be estimated by linear approximation 

of the Integration to 20 minutes as 90 ppm. 

The feed rate to the column Is lkg pel mlnute, and th1a has an 

oxygen consumption rate of 90 pp.. So the oxygen demand froa the 

pulp will be 0.09 grams pel minute. 

SUMMARY: 

Oxygen supply from air : O.12gxams per .tnute 

Oxygen requirement for oxidls1ng the pulp : 0.09qrams per minute 

Oxygen rema Inlng ln the air at the top: O. 03grams per ml nute, 

whlch la a quarter of the oxygen content of the alr enterlng the 

column. The gas would therefore be 95\ nltrogen c.nd 5\ oxygene 

Pyrite 15 actlvated at such levels of oxygen content. 
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