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I. ABSTRACT

This thesis explores the potential for (1) collectorless
flotation and (2) the use of nitrogen in complex sulphide

flotation. Several ores from the Canadian Shield are used.

Various responses to collectorless flotation are observed.
Chalcopyrite can float without collector, particularly in ores
from Mattabi Mines, Galena from Mattabi ores also floats though
more slowly than chalcopyrite. Galena flotation |Is attributed to
sur face oxidation vhile the mechanism for chalcopyrite
collectorless flotation is not £fully understood. A process |is
proposed that includes collectorless flotation and may 1lead ¢to
improved copper,lead separability. No collectorless flotatjon of

pyrite and zinc-bearing minerals is observed.

Nitrogen, used as the carrier gas, promotes pyrite flotation in
all ores tested. This is used to selectively remove pyrite after
bulk flotation and before zinc £flotation. Some =zinc-bearing
minerals report to the pyrite concentrate. Pyrite (£floated |in
nitrogen can, hovever, be depressed again in air enabling the
zinc to be selectively floated after copper activation. The
proposed process improves zinc rougher concentrate grades by up
to 50% at similar recoveries. This is attributed to an overall
reduction {in the exposure of pyrite to collector and copper
sulphate. The flotatic of pyrite in nitrogen is linked to the
removal of dissolved oxygen. It is suggested that this may block
a galvanic interaction betwveen pyrite and sphalerite which {in an

oxygenated environment depresses pyrite.



II. RESUME

Cette these examine le potentiel de la flottation sans collecteur
et de 1l'utilisation de l'azote pour la flottation des sulfures

complexes., On utilise plusieurs minerais du Bouclier Canadien.,

La flottation sans collecteur donne des résultats qui dépendent

beaucoup du mineéral flotte. La chalcopyrite flotte parfois sans
collecteur, surtout avec eéchantillons provenant des mines
Mattabi. La galéne des mines Mattabl flotte également sans
collecteur, gquoigque plus lentement que 1la chalcopyrite. On

attribue 1la flottation de la galéne 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 a la flottation
sans collecteur,et qui pourrait améliorer la séparation de la
chalcopyrite et de 1la galene,. On n'a pas pu flotter sans

collecteur la pyrite ou les minéraux zinciferes.

L'azote, 1lorsqu'utilisé comme gaz transporteur, favorise Ila
flottation de la pyrite pour tous les minérais étudiés, Cette
technique permet l'extraction de la pyrite, apres la flottation
de la chalcopyrite et de la galene, mais avant celle du zinc.
Une fraction des mineraux zinciféres se retrouve dans le
concentre de pyrite. Cette pyrite, £flottée avec l'azote, peut
toutefois etre déprimeé avec 1'air, pour ainsi flotter le =zinc

sélectivement aprés activation au sulfate de culvre.
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Ce procédé permet d'obtenir des concentrés de dégrossissage dont
la teneur est de 50% plus élevée, & récupération équivalente. On
explique cette amélioration par une réduction du contact entre 1la
pyrite, d'une part, et le collecteur et le sulfate de culivre,
d'autre part. La flottation de la pyrite par 1l'azote est liée a
l'élimination de 1l'oxygene dissout dans la pulpe, ce qui,
croyons-nous, empéche 1l'interaction galvanique (entre la pyrite

et la sphalérite) qul déprime la pyrite, en présence d'oxygéne,



111 ACKNOWLEDGEMENTS

My thanks go particularly to Wendy, my vife, for all her help and
understanding over the past two years. I am also deeply indebted
to Professor J.A. Finch for all his advice, support and

suggestions.

Many thanks, also, to Professor A.R. Laplante, Dr. S.R. Rao, M.
Leroux and all the graduate students for their helpful

discussions.

I would also 1like to give thanks to the Natural Sciences and
Engineering Research Council for their financial support, and
finally, express my acknovledgements to D. Cliche, (Canadian
Liquid Air), and the personnel at Brunswick Mining, Mattabi Mines

and Kidd Creek Mines for their help and financial support.

v

g



IV TABLE OF CONTENTS
page

I Abstract......cciveeinnennsenns ceseessesssenesescasnassniasasal
II ReSume.....ccoesecevscossosccrsssoossssossssvssssssoscosssscccssll
III AcknovledgementsS.co ot covrosesrrnsosarssssesssesscsseaseaslV
IV Table of contents.....cccisteoccerrocscsssoscscotscrssscnnseesV

v Llst Of flgures.oliucsocuooclt.lc.ooollo.ultol'.'tl.‘.olllolx

1l Introduction.

1.1 Background and thesis obJjectives.....icicevierecreneeeld

1.2 Structure of the thesis......cioiivvveriieceretiocsessed
2 General reviewv of background to project.
2.1 Review of research to date in:
2.1.1 Collectorless flotation......cccceveenencscecessd
2.1.2 Electrochemical theory of flotation............10
2.2 Review of ore mineralogy and current metallurgy at:
2.2.1 Brunswick Mining and Smelting.....e0cveveeeee..19
2.2.2 Mattabli Mines.........iciiiireersncnnsrassnessa24
2.2.3 Kidd Creek Mines ("D" division)........ce0¢4...30
2.3 Review of the use of gases other than air in flotation:
2.3.1 Nitrogen.....civceeerrsesencsssacsssnssesnsccnseadd
2.3.2 Carbon dioxide.......ceevviierenirscsnsnsssnessd?
2.3.3 Steam......cciieectssascrrtsasassssssessscnerss3B
2.3.4 Sulphur dioxide.....veeeviervsverrssssnrssesoes 38
2.3.5 Other gases in flotation......................44
2.4 The production of nitrogen:
2.4.1 Nitrogen supply options....ccsecsesescsccsscs 46
( 2.4.2 Economic comparison of the different options..50
2.4.3 Other aspects of the use of nitrogen..........52
v



Experimental.

3.1 Ore preparation....ccciivvecscesococcsssossossscsnnsaeed3
3.2 Flotation........cvv00. T X
3.3 sample preparation, assay and metallurgical
balancing....vevieveoerssosssessoessssassssnnssssncee bd
Results.
4.1 Testwork on Brunswick Mining ore:
4.1.1 Standard tests and statistical comparison with
plant zesults......cvvvvnvee P Y/
4.1.2 Collectorless flotation..... Y
4.1.3 Pre-aeration and nitrogen in bulk flotation...75
4.1.4 Flotation of a selective pyrite concentrate
after Cu,Pb bulk flotation.......cicevevseee..80
4.1.5 Reducing the loss of zinc to the pyrite
concentrate. ... ...cocierivc ettt ecstrersaesans ...83
4.1.6 Tests performed on-site at Brunswick Mining...88
4.1.7 Summary of metallurgy achieved through pyrite
flotation with nitrogen and 2zinc reverse
flotation using alr.........iie ittt rernneseddl
4.1.8 Preliminary analysis of the chemistry of
nitrogen flotation........... P ¥ |
4.2 Testvork on Mattabl ore:

4.2.1 standard tests.........a..Il..ll‘.'.l.'lll....97
4.2.2 Collectorless flotation of chalcopyrite.......98

4.2.3 Nitrogen flotation of Mattabi ore......... .¢+100

\'



B RIS AT neyh e

( 4.3 Testwork on Kidd Creek ore:
4.3.1 cCheck on the reproducibility of cornditions,
comparison with standard result..............113
4.3.2 Effect of nitrogen content on pyrite
flotation.. v eoeveeenrvenoosenoooasssaossseaslld
4.3.3 Further chemical aspects of nitrogen
flotation... i eviesoviseonoscersasannesoenssasll?
S Discussion.
5.1 Collectorless flotation....... ... crecssarsasersnesl22
5.2 Pyrite flotation using nitrogen:
5.2.1 Theoretical aspectS. . isccversresssrssasssssadl2?
5.2.2 Operational aspects.....cccoevievesrresssnessl3l
5.2.3 Economic aspects..easrtresn e ch e cit e eera e e 133
6 Conclusions.
6.1 Collectorless flotation....ceeveeecececooonssoccsnessl3b
6.2 Nitrogen flotatiocn.......ceviveeecervoonnnssonesssaelld?
7 Recommended further wvork.
7.1 Collectorless flotation...cocvvveeceervocnssenasseeslldd
7.2 Nitrogen in flotation:
7.2.1 To increase understanding of nitrogen
flotation....covieoeoreosseceresosnraaosonsssll39
7.2.2 To assess commercial potential of nitrogen
flotation.. ... ciieevvrnsesoenvececssnosoessssld40
7.2.3 Other related WOIXK....vsieeeesssovosssoscssseecldl
8 References..........ccoeievstivoosssossscnssossssesseseessld2

9 Appendix 1: Grinding test data.........cccvvevcerceceisseslbb

C

Vil



10
11
12
13

Appendix
Appendix
Appendix
Appendix

Brunswick Mining ore testvork.......ccv0000....157
Mattabi Mines ore testwvork..... 3 R o
Kidd Creek Mines ("D" division) ore testwork..232
Determination of oxygen consumption in a

flotation cclumn-ocoonncoc 0000000 0000001000100241

Vi



FIGURE

FIGURE

FIGURE

FIGURE
FIGURE
FIGURE
FIGURE
FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

2.1

2.2

2.3

2.9

3.1

3.2

3.3

3.4

V. LIST OF FIGURES

Principle of collector oxidation and oxygen
reduction on galena surface (105).

Collector adsorption densities and flotation
recoveries of pyrite and chalcocite as single
minarals and combined (30).

Proposed galvanic interaction between pyrite and
sphalerite, leading to an oxidised sphalerite
surface and a hydrophilic pyrite surface (49).
Brunswick Mining general plant flowsheet (68).
Mattabi Mines general plant flovsheet (4).

Kidd Creek Mines ("D" Division) plant flowsheet (2).
Membrane system produciﬁg nitrogen (15).

Diagram of a Pressure Swing Adsorption system used
for nitrogen production (15).

Diagram of a double column for separating the

oxygen and nitrogen in an air supply (101).

Grinding calibration curve for tests on Brunswick
Mining ore.

Grinding calibration curve for tests on Mattabi
ore.

Grinding calibration curve for tests on Kidd Creek
("D" Division ore).

Diagrammatic representation of the Leeds £lotation

cell used in the tests at McGill University (7).



FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

3.5 -

4.1 -

‘.3 -

‘u‘ -

4.5 -

4.6 -

‘07 -

‘.3 -

4.9 -~

Block diagram of the readings used and hov they are
veighted (amplified) in Labonte's potential

measuring system (52).

Grade vs recovery of lead to the bulk concentrate,
from tests at Brunsvick Mining employing the
Brunswick Mining and McGill University standard
procedures.

Summmary of the effect of different gases and pre-
aeration steps on the recovery of pyrite in bulk
£lotation.

Recovery of pyrite as a function of flotation time,
shoving the effect of nitrogen on pyrite flotation.
Effect of removing the pyrite through nitrogen
flotation on ensuling zinc flotation.

Plot of zinc recovery against flotation tinme,
shoving the effect of nitrogen flotation on =zinc
recovery to the pyrite concentrate.

Effect of the prior removal of pyrite on the
grade/recovery relatlonghip from zinc flotation.
Iron and zinc metallurgical balance from a test
including zinc revexrse cleaning.

Variation of pulp potential, dissolved oxygen
content and pyrite floatability through test
including bulk, pyrite and zinc flotation in air.
As Figure 4.8, except pyrite £flotation s in

nitrogen.

EREEIRY S L ST AR LR Y
i A oy

prLY:



FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

4.10

4.11

4.12

4.13

4.14

4.15

4.16

4.17

4.18

4.19

Collectorless bulk flotation. Recoveries of copper,
lead, zinc and iron against flotation time.
Comparison of copper rougher grades and recoveries
achieved through collectorless and standard
flotation tests at McGill University. Lyon Lake
ore. (56)

Comparison of the effect of oxidising and reducing
conditions on the collectorless flotation of galena
from Lyon Lake ore (56).

Bulk flotation using 5 g/tonne collector
(combination cyanamid 325/241). Recoveries of
copper, lead, zinc and iron against time.

Bulk flotation using 40 g/tonne collector
(combination 325/241). Recoveries of copper, lead,
zinc and iron against flotation time.

Effect of nitrogen on the flotation of pyrite.
Grade/recovery relationship of pyrite in
pyrite/copper/lead bulk’ flotation.

Air flotation of Mattabi ore using 1000 g/tonne
sodium sulphite in grind (bulk flotation only).

Afir flotation of Mattabi ore using 3000 g/tonne
sodium sulphite in grind (bulk £lotation only).
Effect of nitrogen conditioning time and sulphite
addition on the floatability of pyrite from Mattabl
ore.

Grade/recovery relationships for copper and lead

floated to the bulk concentrate. Graphs show copper

Xl



FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGRE

FIGURE

FIGURE

4.20

4.21

4.22

4.23

5.1

5.2

5.3

5.4

13.1

floated before lead (Kidd Creek ore).

Effect of nitrogen enrichment of the conditioning
or flotation gas on the dissolved oxygen content of
the pulp.

Effect of prior removal of pyrite using nitrogen
and al._, on the séloctivity of zinc rougher
flotation of Kidd Creek ore. Graphs show the
concentrate grades achieved at respective
recoveries based on flotation feed.

Effect of nitrogen conditioning on dissolved oxygen
content of vater and pulp containing Kidd Creek ore.
(laboratory mill discharge).

Effect of aeration on the dissolved oxygen content
of wvater pulp containing Kidd Creek ore (laboratory
mill discharge).

Summary of mechanisms behind collectorless
flotation as described in Section 2.1.

Proposed process leading to the producticn of
selective copper and lead concentrates and
including collectorless Elotatlon.

Exposure of pyrite to collector and copper sulphate
activator, in the conventional and proposed
processes.

Comparison of approximate plant reagent costs with
expected costs of using nitrogen (based on 400 and
20 tonnes per day)(15).

Estimated oxygen demand profile for Kidd Creek ore.

Xil

T



1. INTRODUCTION
1.1 BACKGROUND AND THESIS OBJECTIVES.

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 sylphide mineral is dependent on the
hydrophobicity of its surface. A few sulphide minerals such as
molybdenite are naturally hydrophobic because cf their specific
lattice structures, and vwill float without any pre-treatment This
is usually referred to as natural floatability (26). Other
sulphide minerals exhibit self-induced floatability - they can be
rendered hydrophobic by some form of pre-treatment (22,25-
6,36,96,107-8). Most sulphides, hovever, need to adsorb a
collector onto the mineral surface before they becone
hydrophobic. Electro-chemical mechanisms are believed responsible
for the interaction betveen collector and mineral, and electro-
chemical control may be the useful means of controlling mineral-

collector interactions.

This thesis assesses the possible application of collectorless
flotation towvards achieving selective flotation of minerals from
some Canadian Shield ores. Using the same ores, the thesis then
considers the ability of nitrogen gas to alter the electro-
chemical properties of the pulp, and thus mineral-collector

interactions.



1.1.1 Collectorless (self-induced) flotation

In the last 30 years considerable progress has been made towvard
developing an understanding of self-induced flotation (102)
Researchers, howvever, have generally used pure minerals and
perhaps for this reason it has found 1little commercial
application. One of the objects of this thesis is to assess the
potential for collectorless flotation of a number of ores from

the Canadlian Shield.

1.1.2 Nitrogen flotation

In 1953, Salamy and Nixon(87) proposed an electrochemical theory
of flotation and this theory has become increasingly accepted as
more is learned about mineral-collector interactions (105). One
of the consequences, as described by Woods(105) is the importance
of pulp potential in mineral-collector interaction. Recently
vorkers have attempted to use pulp potential to develop newv
approaches to achieve and control selective flotation
(30,32,34,81-2,103). Because of nitrogen's chemical inertness,
flotation 4in nitrogen could be a particularly elegant means of
adjusting the pulp potential. Nitrogen has already found
significant use on copper/molybdenum separation (13,73) but has
not yet found any other commercial use. The effect of nitrogen on
the flotation of complex sulphide ores of the Canadian Shield

will be assessed in this thesis.



1.2 STRUCTURE QF THE THESIS.

This  thesis includes 1literature revievs of collectorless
flotation and the role of pulp potential and dissolved oxygen in
flotation. This 1is followed by a description of the operating
practice of the three plants from vhich ore vas sampled for the
testvork. A reviev of the current use of nitrogen and gases other
than air in flotation is included, together with a section on the

supply ¢ ons avallable for nitrogen production.

The test procedures for all three ores are outlined in section
three. The results section, section four, is sub-divided into the
testvork on each individual ore. Further sub-divisions describe

aspects of collectorless flotation and nitrogen £flotation.

In section 5, the results are discussed and processes proposed
vhich 1include <collectorless flotation and pyrite £flotation in
nitrogen. With numerous mechanisms already available to explain
collectorless flotation, no new mechanisa is proposed in this
thesis. The promotion of pyrite flotation with nitrogen |is
explained by elimination of a galvanic interaction betwveen pyrite
and sphalerxite, which in the presence of oxygen serves to depress

pyrite. An economic analysis of the use of nitrogen is included.

Sections 6 and 7 summarise the conclusions drawvn and suggest
directions for future work. Following the list of references, the
appendices detail the results from the tests reported 1in the

thesis.



2. GENERAL REVIEW OF BACKGROUND TO THE PROJECT.

2.1 REVIEW OF RESEARCH INTO COLLECTORLESS FLOTATION AND THE USE

OF NITROGEN

2.1.1 Collectorless flotation.

Some of the earliest processes developed in flotation used the
collectorless hydrophobicity of minerals. Work on Broken Hill ore
in Australia, as described by Louis (57), wused carbonic acid to
affect self-induced flotation of sphalerite and collectorless

flotation of galena vas occasionally used up to 1920.

With the development of xanthates, collectorless flotation of
sulphide minerais became largely forgotten. Effective
collectorless flotation was considered 1limited to realgar,
orpiment and molybdenite. Gaudin (26) explains these exceptions
through their crystal lattice structure . However Sutherland and
Wark (96) questioned this in 1955, by noting that galena would
occasionally respond to collectorless flotation, and in doing so
sparked a controversy that is still gaining momentum 30 years
later. They summarized work by numerous authors who had all found
that galena could float without collector, but could not agree on
the mechanism and particularly whether the surface needed to be
clean or oxidised. 1In 1960, Rey and Formanek (80) £found that
sphalerite would f£loat without a collector if ground in a ceramic
mill . More recently, Kocabag and Smith (49) confirmed this
observation, making an in-depth study of the effect of grinding

media in flotation .



S8ince then most of the vork on collectorless flotation has
concentrated on chalcopyrite. Plaksin (69) used chalcopyrite to
shov that hydrophobicity of sulphide minerals wvas possible
through exposure to air. Lepetic's wvork (55), in 1974, shoved
that chalcopyrite can be floated without collector followving dry
grinding, achieving superior grades and recoveries than through
the conventional route of wvet milling and collection. Both
explained their observations by suggesting that the nineral
surface vas adsorbing molecular oxygen, 1leading to a de-hydrated

and hence hydrophobic surface in flotation.

An exhaustive study of collectorless'flotation vas performed by
Finkelstein and co-workers(22) in 1975, They checked the
collectorless floatability of a wide range of orxes f£inding sone
chalcopyrites, pyrites, galenas, stibnites and all copper-

activated sphalerites vere floatable without collectors.

While that wvork probably convinced most researchers that
effective collectorless flotation was possible, the responsible
mechanism has become an object of increased interest and often
considerable disagreement over the past ten years. The
controversy vas intensified when Heyes and Trahar (36) identified
in 1977 that collectorless flotation wvas only possible under
oxidising conditions, and Yoon (107) found, 4 years later, that
chalcopyrite vwvould £float naturally following addition of a

reducing agent, sodium sulphide.

Vhile an increasing amount of evidence seems to endorse Heyes and

Trahar's approach (102) that oxidising conditions are required



the exact role of oxidation/reduction in collectorinss £lotation

is still an open question.

Finkelstein and Woods agree with Heyes and Trahar (12,22,25). But
vhile agreeeing that oxidising conditions are necessary for
formation of a hydrophobic surface on the chalcopyrite there was
disagreement about the specific product of oxidation that imparts
this floatability. Finkelstein's work (22) concludec that
elemental sulphur played no role 1in collectorless ¢£flotation.
Gardner and Woods (25), hLowvever, proposed an oxidation reaction
to explain the collectorless flotation of chalcopyrite, that

included the formation of elemental sulphur:
CuFeS, + 3H,0 -> CuS + S + Fe3' + le-

Later, Woods and Buckley (12), using X-ray Photoelectron
Spectroscopy failed to Jdentify elemental sulphur on the
chalcopyrite surface concluding that the oxidation product was
some form of copper poly-sulphide. Trahar (99) in 1983 remained
consistent with the 1line of thinking that oxidation of the
chalcopyrite surface wvas needed to render the mineral surface
naturally floatable, though he made no conclusions as to the

actual species responsible for this hydrophobicity.

Yoon's (107-8) observations in 1981 that adding sodium sulphide,
a reducing agent, to the grind rendered both chalcopyrite and
copper-activated sphalerite floatable, wvas in contrast to the
other investigators. His work, on Kidd Creek ore amongst others,

identified that {f sodium sulphide vas added tc the wmill, the



Tapieag S R

resultant grade/recovery relationship from collectorless
flotation of chalcopyrite and sphalerite wvas similar ¢to that
using collectors. He suggested that sodium sulphide helped
dissolve superficial oxidation products leaving a clean particle

surface.

More recent work by Luttrell and Yoon (58-9) 1illustrated again
the advantage of using sodium sulphide in collectorless flotation
of chalcopyrite. They concluded that freshly ground chalcopyrite
would not float naturally under reducing conditions and that
oxidised chalcopyrite would also not float naturally.
Chalcopyrite, howvever, treated with sodium sulphide under

oxidising conditions would float naturally.

In 1984, Heyes and Trahar (37) concluded that pyrite could also
be floated following oxidation and treatment with sodium
sulphide. They concluded that sodium sulphide causes sulphur to
form on the pyrite surface and this sulphur is responsible for
the minerals hydrophobicity and natural flotation

characteristics.

Only a thin sulphur layer can, howvever, be formed on
chalcopyrite because of the relative instability of elemental
sulphur at common flotation potentials. This indicates that
elemental sulphur formation is not the mechanism behind natural
flotation of chalcopyrite. Nevertheless, Walker and co-wvorkers
(102) observed that chalcopyrite could be made floatable by
electrodeposition of sulphur at potentials well belov those
permitting the oxidatiun of the mineral. 1In short, the mechanism

7
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behind the collectorless flotation of chalcopyrite remains

unclear (102).

The contrasting theories behind the collectorless flotation of
chalcopyrite may illustrate the problem of trying to explain it
on a pure mineral basis. Mineralogical texts describe that
chalcopyrite can contain any of eleven elements replacing the
iron, copper and sulphur (16). Furthermore the
copper:iron:sulphur ratio can vary (one single specimen gave
copper contents varying from 25.8% to 30.7%), and measuvement of
X-ray Absorption edges have shown thaé the copper can exist 1in
fﬂe +1 or the +2 states, the iron then existing in the +3 and the
+2 states respectively. Analysis through cryoscopic and
electrolytic methods .ave also shown that both metals can be
divalent (16,63,74). Such variations in the mineral must lead to

different reactions and different reaction mechanisms.

The mechanism behind the collectorless flotation of pyrite and
galena seems to be more clearly understood. Rao and Finch (77)
shoved that, following sufficient oxidation, pyrite from
Brunswick Mining ore can float without collector, albeit weakly,
and this could be wused to improve subsequent zinc-pyrite
selectivity. Voltammetric data suygests the initial product from
oxidation of the pyrite and galena surfaces, 1is the polysulphide
ion, though as further oxidation occurs elemental sulphur forms
on the suzface (37). The actual species present on the mineral
surface 1is probably related to the degree of oxidation and the
relative kinetics of the reactions involved, but with sufficient

oxidation a relatively thick sulphur layer can be formed on the



surfaces of pyrite and galena.

This 1is particularly relevant as Walker and Richardson (102)
observed that the hydrophoblcity of the mineral surface |is
related to the thickness of the elemental sulphur formed on the
surface. Such conditions seem to have occurred on a number of the
pyrite-rich gold tailings dumps in South Africa vhich often

respond readily to collectorless flotation (67).

While researchers do seem to agree on a mechanism behind the
collectorless flotation of pyrite and galena, variations for
mineralogical reasons are still possible (galena, for instance
can have a eutectic intergrowth of up to 30% iron

sulphide(16)).

This thesis will check the effect of collectorless flotation on
some Canadian ores, and will highlight the variations in response
to collectorless flotation possible in some similar pyritic

ores of the Canadian Shield.



2.1.2 ROLE FOR NITROGEN: THE ELECTROCHEMICAL THEORY OF FLOTATION.

The use of nitrogen in flotation wvas conceived as a 1logical
progression from the electrochemical-based theory developed over

the last thirty years to explain mineral-collector interaction.

Only 1in recent years has significant progress been made 1in the
understanding of collector attachment to minerals. While
a basic understanding of the role of collectors was available by
the 1950s, little vas known about the mechanism of

collector-mineral attachment (26-9).

In the 1950s it was largely accepted that collector-mineral
reactions largely 1involved 1ion adsorption (26) through a
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, 8Salamy and Nixon (87) proposed an electrochemical
mechanism involving the simultaneocus anodic oxidation of
collector and cathodic 1zreduction of oxygen, on the mineral
surface. This has become increasingly accepted as more is learned
about the mechanism of the various mineral sulphide-collector-
oxygen systems, and of the variety of surface species produced

from the reactions (105).

Sulphide minerals are semi-conductors and can thus act either as
a source of electrons or an acceptor of electrons. They act as
the former in the reaction with the collector, and the extra

electrons are conductad avay and react wvith oxygen (see Figure

10
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2.1). The reaction with the collector (the anodic oxidation

reaction resulting in spare electrons) may be of tvo types:

-

formation of dixanthogen:
ZROCS:: -> (ROCSZ)z + 2."-0...0000...-ooooonooo-(l)
or reaction (chemisorption) with the mineral itself:

pbs + ZROCS:: -> Pb(ROCSz)z + 3 + 2.'00..00000.0-(2)

The surplus electrons would then reduce oxygen, effectively

simultaneously, in the folloving cathodic reductio) reaction:
1/202 +2H++2e- -> H2°OOOOIOOCOCOOOCI....l.ll..(3>

Which of the tvo anodic reactions predominates depends on the
mineral, the collector and the pulp potential. Investigations by
Goold and co-workers (32) in the early 1970s led to a correlation
betwveen minerals, collectors, and potentials at which the
reactions start to occur (rest potentials) and surface products,
as shown in Table 2.1. The table shovs the effect of the rest
potential on the final reaction prcduct. If the rest potential is
high (above the reversible potential for the oxidation of
xanthate to dixanthogen) then the product is dixanthogen. If |t
is 1lower than the reversible potential, then the product is the
metal xanthate. The one exception is covellite and xanthate. This
is explained in terms of the reaction of dissolved cuprous ions

from the mineral surface with the xanthate (32,105).

1



PbS + 2ROC§; — PH(ROCS,), + S + 2e-

collector-mineral
interaction

0, + 2H+ + 2e~ —2H,0

oxygen reduction
reaction

FIGURE 2.1 - Principle of collector oxidation and oxygen reduction

on galena surface.
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TABLE 2.1 : The reaction product and starting (rest)
( potential of the anodic reaction of various aminerxal-

collector combinations. (105)

nineral collector rest product
potential
vs S.H.B.
pyrite KEX 0.22v dixanthogen
arsenopyrite KEX 0.22v dixanthogen
pyrrhotite KEX 0.21v dixanthogen
chalcopyrite KEX 0.14v dixanthogen
rev. potential for oxidation to dixanthogen - 0.13V
covellite KEX 0.05v dixanthogen
bornite KEX 0.06V  metal xanthate
galena KEX 0.06V metal xanthate
pyrite DtcC 0.475v disulphide

rev. potential for oxidation to disulphide - 0.176V

covellite DtC 0.115v metal DtC
§ chalcopyrite DtC 0.095V metal DtC
; galena ptc -0.035V metal DtC
§ bornite DtC -0.045V metal DtC
chalcocite DtC -0.155V metal DtC

note: KEX - Potassium ethyl xanthate (0.000625M at pH 7)
: DtC - Sodium diethyl dithiocarbamate (100.ppm at pH 8)
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Generalisations are alvays dangerous. Gaeudin (28) identifled
metal xanthates as vell as dixanthogen on the surface of pyrite
and it is likely that in all cases both reactions occur, although
one vill tend to predominate over the other. Most of the evidence
in the past tventy years has suggested that dixanthogen 1is the
active species in pyrite flotation (21,22,61).

Pyrite floats in air most effectively at potentials above that of
dixanthogen formation (105). This suggests that by maintaining
the pulp potential belov the rest potential for dixanthogen
formation on pyrite, or preferably belov the reversible potential
for xanthate oxidation to dixanthogen, pyrite could be depressed.
This 1is an example of electrochemical contrxol of flotation which
has commanded much attention at the U.S. Bureau of Mines |in

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

Investigators at the U.S.B.M. have shown that, wvith single
minerals, the ~flotation of chalcopyrite, pyrite, bornite and
chalcocite 1is strongly dependent on pulp potential (82). When
mixed beds are used interactions betwveen the minerals tend to
distort the result. For example, in a chalcocite-pyrite mixture ,
pyrite is floated at different pulp potentials than in the case
of pyrite alone possibly through activation by copper 1ions
dissolved from the chalcocite surface (Figure 2.2)(30).

While the idea of selective flotation through control of the pulp
potential'.has possibilities, external control of the potential
through contact vith electrodes, as being attempted at the

U.S8.B.M., pose severe practical difficulties on a large scale.
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FIGURE 2.2 - Collector adsorption densities and flotation
recoveries of pyrite and chalcocite as single
minerals and combined.

The first graph shows that if flotation was to take place at -0.2
to -<0.3 wolts, chalcocite would float and pyrite remain
depressed, based on their floatabilities as single minerals. The
second graph shows how the flotation recoveries of the minerals
become less potential dependent when added together.
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Chemical control of potential has possibilities (and may already
be practiced albeit unknowingly). Outokumpu have run pilot tests
using control of pulp potentijals, as against pH. This testvork
used sulphuric acid for potential control. It resulted in savings
in reagent costs (paxticularly xanthate and frother vhere up to
50% savings wvere reported), and an improvement in economic
returns from concentrate production. So far tests have been run
on copper/nickel ores and gold ores. Whether the techniqgque can be
applied to wore complex ores such as the pyritic copper/lead/zinc

ores of the Canadian Shield remains to be seen(34).

Development of |improved process control methods is only one
consequence of recent progress in flotation electrochemistry.
Many reagents used in current circuits may activate or depress by
changing the pulp potential. If this is the case then a reagent
. that adjusts the pulp potential without interfering with any

other aspect of flotation chemistry could be extremely useful.

Nitrogen may be such a reagent. Nitrogen gas is currently used in
the flotation separation of molybdenite from chalcopyrite (see
Section 2.3)(73). Nitrogen gas as the gas phase 1in £flotation
wvould reduce the pulp potential. It is also an inexrt gas and
should thus not interfere directly with any chemical mechanisas.
In, for example, pyritic ores containing zinc, zinc-pyrite
selectivity could be improved by lowvering the potential belowv the
rest poten*ial for pyrite flotation (76-7). One of the objects of
this thesisc 1is to extend this idea one step further, and
incorporate nitrogen into a complex copper/lead/zinc £flowvsheet

using a currently processed ore.

16
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Nitrogen wvill also purge dissolved oxygen ou% of the pulp. This
may reduce flotation through blocking Reaction 3. Howvever the
role of oxygen in a flotation pulp is not fully understood and
its removal could affect other mechanisms which contribute to
mineral surface hydrophobicity. One such mechanism is galvanic
interaction between different minerals, as described by Kocabag
and Smith in 1985 (46). Figure 2.3 illustrates the mechanisa they
proposed for pyrite, a particularly noble sulphide, and another

sulphide mineral. The tvo results relevant to flotation are:

- the production of elemental sulphur on the mineral acting as
the anode (and possible resultant collectorless flotation),
and,

- the formation of hydrophilic ferrous hydroxide on the pyrite

surface, making it less floatable.

Dissolved oxygen is fundamental to such a mechanism so use of
nitrogen could block it by removing the oxygen. This would render
the pyrite more floatable, counter-acting the effect of inhibited

collector-mineral interaction.

Further consideration vwill be given to the possible role of
galvanic interactions in depressing pyrite in the discussion

section (Section 5.2.1).
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FIGURE 2.3 -~ Proposed galvanic interaction between pyrite and
sphalerite, leading to an oxidised sphalerite

surface and a hydrophilic pyrite surface.
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2.2 REVIBY OF ORE MINBRALOGY AND CURRENT METALLURGY AT
THREE CANADIAN OPERATIONS.

2.2.1 Brunsvick Mining and Sselting (Pigure 2.4).

The Brunswick #12 ore deposit :8 one of the largest complex
sulphide deposits in the Canadian Shield (93). It contains 100
million tonnes of complex sulphide ore, averaging 9.0% zinc,

3.5% lead, 0.3% copper and 98 grams per tonne silver.

The deposit, situated 27 km south west of Bathurst, N.B. |is
composed of sedimentary and volcanic rocks vhich vere
metamorphised and deformed during Ordovician and Devonian times
(53,86,95). The ore is 80% sulphides, of which almost 60% |is
pyxite. The principal 2zinc minerals are sphalerite (zinc
sulphide, 1lov in iron) and marmatite (zinc sulphide, high |in
iron) , 1lead is mineralised as galena (lead sulphide), copper as
chalcopyrite (copper,iron sulphide) and silver as tetrahedrite
(copper,silver,antimony)sulphide and other sulphide minerals.
Some of the other minerals occurring are pyrrhotite,
arsenopyrite, marcasite, boulangerite, stannite, cassiterite and

pyrargyrite.

While high-grade bands contain relatively coarse-grained values
(100-1000pm), lov grade bands are much more finely disseminated.
The economic optimum grind size is currently 65%, -37um for
primary grinding, though it 1is significantly finer in the regrind

cizcuits.
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FIGURE 2.4 - Brunswick Mining general plant flowsheet.
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Mine production has been entirely from underground since 1980,
The mine uses a mechanised cut-and-£fill method which replaced
open stope mining in 1971. Ozrxe is hoisted using 15 ton skips
through numbers 2 and 3 shafts from three primary crushing units,
roughly 1000 m underground. The mine currently extracts 10,250

tonnes of run-of-mine ore dally (68).

The ore 1is crushed to minus 15cm underground using 2 Traylor
type-H jav crushecs and one Allis-Chalmers gyratory crusher. Once
on the surface it is crushed further, to minus l.2cm in each of
tvo plants. A secondary 1.7m Symons standard cone crusher
operates in open circuit, the crusher product sized on a 1l.2cm
vibrating screen. Oversize s crushed in a tertiary 1.7m

shorthead cone crusher, in closed circuit with the screen.

Brunswick Mining has three grinding lines (17). Numbers 1 and 2
(2900 tonnes/day each) receive ore from crusher plant number one.
They consist of a 3.2m by 4.3m primary rod mill with 3.2m by 4.0m
secondary and tertiary ball mills. Number 3 grinding section
(4200 tonnes/day) receives ore from number 2 crusher plant and
consists of a 3.8m by 4.9m primary rod mill with 3.8m by 4.6m
secondary and tertiary ball mills. 76mm rods (and 100mm in line
3) are used for primary rod milling, and 32mm Manmet slugs are

used for ball milling.

Two stage cyclones size the mill products. The primary cyclones
are 25cm diameter Krebs cyclones. They classify the rod mill
discharge and are in closed circuit vith the secondary ball mill.

The secondary cyclones, 15cm Krebs cyclones, are in closed

20
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circuit vith the tertiairy ball mill.

Soda ash 1s added to maintain a pH of 8.8 in the grinding circuit
together with 150 g/tonne sulphur dioxide. The role of sulphur
dioxide is to depress sphalerite and pyrite {in the bulk
flotation, although its exact action is not known. Results from
vork at Brunswick Mining by Hill appear ¢to confirm this
philosophy (38). Theoretical aspects of sulphur dioxide

depression will be considered at a later stage (Section 2,3).

The secondary cyclone overflow is fed to an aeration stage wvwith
25 minute retention time. Aeratioﬁ further depresses pyrite
flotation. After flotation tvo collectors are added consisting
of (1) plant xanthate containing sodium isopropyl xanthate (80%)
and amyl xanthate (20%) at 30 g/tonne and (2) Cyanamid AEROFLOAT
dithiophosphate (241) added at 20 g/tonne,

Bulk flotation is carried out using 8 m3 Outokumpu cells,
producing a concentrate containing 18% combined lead and copper.
The bulk rougher concentrate is then re-ground to 81% minus 38 um

in a 3.2m x 4.0m ball mill.

Two stages of cleaning produce a concentrate contalning 29% lead,
2.5% copper and 700g/tonne silver. The bulk cleaner circuit |is
open, the thickened tails from each stage combining with the bulk

scavenger talls to form the zinc flotation feed.

The bulk cleaner concentrate is treated vith activated carbon to
remove dissolved organics (e.g excess collector), though the

carbon mnay also remove some of the collector coating £from the
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galena surface (38). It is also treated vith starch vhich helps
to depress the galena. Sulphur dioxide is then added to the pulp
vhich £further depresses the galena, and malintains a pH of 4.8

during conditioning and copper flotation.

A copper concentrate is floated using 10-20 g/tonne of an alkyl-
alkyl thionocarbamate (Cyanamid AERO 3894 ) and cleaned three
times. The final copper concentrate contains 22% copper, 6% lead

and 3000 g/tonne silver.

Significant quantities of marmatite float with the copper/lead
concentrate. Marmatite has been found to be very finely
disseminated in galena so Brunswick Mining are forced to produce

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

The copper flotation circuit tail is reground to 85% minus 38um
in a 3.7m by 4.6m ball mill before being fed to the zinc,lead
separation circuit. The ball mill Aischarge is heated to 70 deg C
using steam injected 1into the pulp, to destroy any residual
collector or starch from the copper flotation circuit. The pulp
is then cooled to 35 deg C by decantation and repulping with cool

vater.

Lime is added to pH 10.8 and copper sulphate added to activate
the marmatite (1000 g/tonne). A bulk (predominantly zinc)
rougher concentrate is then floated with xanthate and cleaned
twvice, producing a final bulk zinc/lead concentrate containing
34% zinc and 18% lead. The tailings from this circuit assaying

35% lead and 5% zinc is the lead f£inal concentrate.



The zinc clrcuit is conditioned with 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} 1leads to the flotation of a zinc rougher concentrate

(34% Zn), from 32 Outokumpu 8 m° cells.

The zinc rougher concentrat:s is reground in a 3.8m by 4.9m ball
mill to 95%, -38um and floated three times in a closed =zinc

cleaner circuit. The £final concentrate contains 52% zinc.

The zinc rougher tail was formerly directed to a scavenger, or
secondary zinc flotation circuit. This used to produce a low-
grade zinc concentrate that was up-graded using reverse flotation
of pyrite from the 2zinc. The assay of this secondary =zinc
concentrate wvas 48% zinc, and it vas combined with the primary
zinc circuit concentrate. This circuit is, however, no longer

used.

In summary, flotation problems are a combination of difficult
chemistry increasad by the fine grind and finely disseminated
lov-grade bands in the ore. 8Some of 'the features of the circuit

as a result of these factors are:

* 2Z2inc floats to the bulk circuit, necessitating the production
of a zinc concentrate from the lead/copper bulk concentrate.

* Excessive pyrite floats to the zinc concentrate, resulting in
lov zinc grade 1In the rougher concentrate and increased

reliance on the zinc cleaner circuit.

23



€ e

e

g -

PR Wi,

R 265

PLANT FEED

KEY TO PRINCIPAL REAGENT POINTS:

@ SULPHUR DIOXIDE
© COLLECTOR

A AERATION

@ COPPER SULPHATE

(] e

CRUSHER CIRCUIT

MILL CIRCUIT [ —
FINAL -=
TAILS o2 [ BULK
FLOTATION
ZINC o
FLOTATION

ZINC CONCENTRATE

(COPPBR-LEAD

COPPER
FLOTATION

SEPARATION

COPPER CONCENTRATE
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2.2.2 Mattabi Mines Ltd, Milling operations (Figure 2.5-4,65).

The mill, set on the shore of Sturgeon Lake 90 km north east of
Ignace in Ontario, treats 3000 tonnes per day of pyritic

copper, lead, zinc, silver ore mined underground.

The ore treated through the mill vhen this testvork wvas
performed, wvas mined from the Mattabi (80%) and Lyon Lake (20%)
deposits. Typical head grades are 11% 2zinc, 0.65% copper,
0.6% lead and 32% iron. The ore also contains approximately 100
g/tonne of silver. The principal valuable mnminerals are
sphalerite, chalcopyrite, galena and tetrahedrite. The most
abundant gangue mineral is pyrite, thch comprises 708 of the

ore. In all, sulphides comprise betwveen 85 and 90% of the ore.

The ore 1is, by Canadian Shield standards, relatively coarse-
grained. The economi.c optimum grind size being 75% -74pm £rom
primary and secondary milling though intermediate products are
stound considerably finer 1in the bulk copper/lead and zinc

regrind circuits. The flowsheet is summarised by Figure 2.5.

The ores from the two amines are batch-crushed and stored
separately for 1later blending. Primary crushing 1is performed
underground by a Bowvborough jaw crusher for Lyon Lake ore and
through a gyratory crusher on the surface for the Mattabi ore.
All ore currently passes through the gyratory crusher, to aid
material khandling. Both ores are stockpiled separately after

primary crushing in an ore storage building with a live capacity

of 8000 tonnes.



The mill uses a 33cm x 2.13m Allis-Chalmers hydrocone crusher for
secondary crushing to -1.9cm. A 1.83m x 4.88m double-deck screen
sizes the primary crusher product, the oversize feeding the

secondary crusher.

A larger (2.44m x 6.10m) single deck screen sizes the secondary
crusher product. This is in closed circuit with an Allis-Chalmers
12.7cm x 2.13m hydrocone tertiary crusher. Product £rom the
crusher plant is stored in two 4000 tonnes fine ore bins. Numbez
1 bin stores Mattabi ore and number 2 bin stores Lyon Lake ore.
Ore fed into the grinding circuit is monitored by a Merrick Model

E-315 wveightometer.

The current grinding circuit consists of primary and secondary
ball milling. The primary mill is a Dominion Engineering 3.05m x
4.88m ball mill, and is charged with 7.62ca forged steel balls.
Primary mill discharge comprises a significant amount of coarse
rock, predominantly rhyolite. A 1.27cm trommel screens off this
coarse material wvhich is barren in base metal sulphides. This is

used for road bedding.

The trommel undersize is classified in four 38 cm Krebs primary
cyclones. Cyclone underflov feeds a 3.05a x 4.88m Allis-Chalmers
secondary ball wmill using 2.54cm x 1.27cm "Norcast" slugs.
Coarse rhyolite 1|is agaln screened off using a 1l.llcm troamel.
Screen undersize is circulated back to the primary cyclone feed.

Primary cyclone overflov is directed to the f£lotetion circult.



The cyclone overflow is aerated and treated with sulphur dioxide
to deprass the pyrite and tha sphalerita. The pH is adjusted to
9-9.5 using soda ash. Collector composed of sodium ethyl
xanthate (Cyanamid 325 - 2.5 g/tonne) and aryl dithiophosphoric
acid (Cyanamid 241 - 2.5 g/tonne) is added to float the copper,

lead and silver.

A bulk concentrate is floated in 16 Agitair 1.4 n3

cells and
includes a middlings product, which 1s circulated back to the
conditioner in the bulk float feed. The copper, 1lead rougher
concentrate contains roughly 25% copper and lead combined. This
is reground in a Marcy 1.52m x 2.44m ball mill to 95%, -74um and

3 flotation cells to a combined

refloated using eight 1.34 =n
copper, lead grade of 35%. Methyl isobutyl carbinol (MIBC) |is

used as the frother in the copper/lead circuit.

Starch (wvheat dextrine) 1is added to the copper, 1lead bulk
concentrate together with a small amount of activated carbon to
remove residual reagents in solution. Steam is then injected into
the pulp, raising the pulp temperature to 50 deg C vhich strips
the adsorbed collector off the mineral surfaces. The pulp is then
slowly cooled to 30 deg C and sulphur dioxide added to depress

the galena.

A dilsoamyl dithiophosphate (Cyanamid 3501) is then added to the
pulp and a copper concentrate floated using 8 Denver (1.34 Ia)
cells. This is then cleaned using more sulphur dioxide at pH 3.5
and further flotation in 8 Denver 1.34 n3 cells., The final copper

concentrate contains 24% copper and 12% lead. The tails from
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copper, lead separation and copper cleaning are combined and
directed to the 1lead concentrate thickener. This final lead

concentrate contalins 27% lead, 11% zinc and 5% copper.

In contrast to the separation problems encountered in the
flotation of copper and lead, the production of a zinc
concentrate |ig relatively straightforvard. Copper sulphate (550
g/tonne) is added at pH 10-10.5 (adjusted using hydrated 1lime),
activating the sphalerite. A mix of collectors s added: a
thionocarbamate (Minerec 2030) and sodium ethyl xanthate

(Cyananid, aerofloat 325) at a combined rate of 38 g/tonne.

Eighteen Agitair 1.4 n3 cells are used for zinc rougher

flotation, producing a concentrate that is directed to a regrind
circuit and a middlings that s recirculated to tiie¢ zinc
conditioner. The zinc rougher concentrate contains 43% zinc and
is reground in a 2.13m x 3.35m Allis Chalmers ball wmill, in
closed circuit with 6 Krebs cyclones to 95%,-74um . This is now
cleaned using 16 Agitair 1.4 ma cells (middlings and tails are
redirected to zinc cleaner feed and zinc rougher feed
respectively). The cleaner concentrate is re-cleaned using 8
3

Denver 1.34 =a cells in closed c;rcuit, producing a £inal

concentrate of 53% zinc.

Overall plant recoveries are 91% of the zinc, 75% of the lead and
50y of the copper. The main metallurgical problem 1lies with
copper/lead separation and zinc depression in the bulk clrcuit,
though the latter problem has only become significant since a

greater proportion of the ore has originated from the Lyon Lake



deposit (63).

Zinc flotation 1is relatively strajightforvard, rougher grades
being roughl-r 45% 2inc. Consequently not much {s demanded of the

cleaner circuit making it relatively easy to operate.



2.2.3 Kidd Creek Mines "D" Division. !(?igure 2.6-2,84)

The Kidd Creek Concentrator is located 28 km east of Timnins,
Ontario. It treats two types of orxe known as A ore (a copper-zinc
ore) a:nd C ore (a copper-lead-zinc ore). The total tonnage
treated is 12,370 tonnes/day. This thesis is concerned vwith the
C-type ore, vwhich is treated separately from the A-type ore. The
throughput of "C" ore is 3100 tonnes/day.

The ore is mined from a massive pyritic deposit, which contains
9% zinc in the form of sphalerite, 0.9% lead as galena, 0.6%
copper as chalcopyrite and 230 g/tonne silver, largely as native
silver. The chief gangue mineral is pyrite wvwith pyrrhotite
occasionally occurring. The chief non-sulphide gangue is

rhyolite though graphite may also occur.

Primary crushing at the mine-site reduces the run-of-mine ore ¢to
minus 150 mm. This is further crushed in a 1000 tonne/hour fine
crushing plant, to minus 16 mm. Primary crusher product |is
screened on a 50 am square hole rubber deck screen, *the oversize
feeding the secondary crusher. T.o Allis-Chalmers hydrocone
crushers perfora the secondary crushing, these being set to 32
mmn. Undersize |s screened on a 19 mm steel rod-deck screen.
Oversize from the rod-deck screen is combined with oversize from
the crusher product screens and recycled to the tertiary
crushers, three Allis-Chalmers hydrocone crushers set at 13 mm.
Crusher discharge is sized using tvo 40 mm by 23 mm slotted

screens.
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The grinding circuit consists of an Allis-Chalmers 3.2m by 4.9m
rod mill and 3.7m by 5.5a Allis-Chalmers secondary and tertiary
ball nmills. The 1rxod mill is lined with Noranda Ni-hard vave
liners and Domite chrome-moly end liners and uses £forged steel
rods. The ball mills are rubber lined and use forged steel balls.
The primary mill discharge is classified in 38cm Krebs cyclones,
secondary and tertiary mill discharges being classified by 25 cm
Krebs cyclones. These cyclones produce a flotation circuit feed
at 73 percent minus 45 microns. Sometimes incorporated into the
grinding circuit is a silver flotation clrcuit, which treats a 20
tonnes per hour bleed from the secondary mill discharge, Four
Outokumpu 1.5 m3 cells are used for rougher flotation and six
Wenco-Fagergren 0.09 na cells are used as cleaners. Cyanamids

R208 collector is used to collect the silver, MIBC being used as

a frother.

The grinding circuit product is treated with 500 g/tonne sulphurx
dioxide (without aeration). A copper concentrate is then floated
at pH 8.5 (adjusted using lime) with 60 g/tonne Cyanamid R317
and/or R208 collectors. MIBC |s used as a frother. Rougher
concentrate 1is cleaned three times, at pH 6.5 (dropped using
sulphur acid to aid galena depression). Denver and Wemco cells
vith a total capacity of 55 ma float the rougher concentrate,
cleaning 1is performed in Denver cells with a capacity of 16 .3.

The final copper concentrate is relatively 1lov-grade, being

typically 17% copper.
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Following copper flotation, 48 g/tonne of xanthate collectors
(R208 and R317) are added to float the lead. The cell
configuration is the same as the copper circuit, although Denver
cells with 23 -3 capacity are used for cleaners and no Denver
cells are used for the roughing stage. Flotation is performed at
pPH 8.2, ylielding a final lead concentrate containing 12% lead and

10% copper.

650 g/tonne of copper sulphate is added to the lead circuit taills
and is conditioned for approximately 8 minutes at pH 10. Xanthate
is added during copper conditioning at approximately 60 g/tonne.
Zinc roughing and scavenging uses three banks of Wemco 4.2 ma
cells, each bank with 14 cells. Rougher concentrate is cleaned
three times at pH 11 using Wemco 4.2 na cells. The tails from
each cleaner stage are combined with a scavenger concentrate and
reground in a 2.4 m by 3.7 m Allis-Chalmers regrind ball mill.
This is in closed circuit with 15 cm Krebs cyclones. Cyclone
ovetdbv is retreated vith copper sulphate, collector and frother

and added mid-vay down the rougher circuit. The f£inal concentrate

assays 50% zinc.

In recent years the zinc concentrate has been subjected to a
pyrite reverse float, vhereby significant quantities of sulphur
dioxide have been added to the concentrate (roughly 2000 g/tonne
of concentrate) dropping the pH to 4.0. This is conditioned for
15 minutes and cyanamid 3418 collector added. A silver-rich
pyrite concentrate is floated and cleaned three times. The pyrite
circuit tails now assay 55% Zn, the pyrite concentrate is added

to the copper concentrate increasing the silver assay of the

33

B :’1“,
{s



latter.

The success of the pyrite float is indicative of the poor =zinc-
pyrite selectivity achieved in the zinc circuit. Poor copper-lead
selectivity is also a feature of the circuit, this particularly
affecting lead grade and recovery. The lowv feed grade of the
lead, together with the lov silver content and economic value of
the lead concentrate reduces the economic signlficance of the
lead circuit. Much of the attention of research into the plant is

therefore focused on the zinc clrcuit.
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2.3 THR USE OF GASES OTHER THAN AIR IN FLOTATION

WVhile air is probably used as the flotation gas in more than 99%
of the plants vorld-vide, gases other than air played a
significant role in the early development of flotation. Some of
the earliest recorded wvork in flotation development was performed
by the Bessel Brothers in the 1870s and 1880s. They used steam
and carbon dioxide as the gaseous phases in flotation. The wvork
by Potter in Australia made use of reactions betwveen acid and
carbonate minerals to form carbonic acid, and this became the

carrier gas in the flotation process (57).

The application and potential application of some gases |is

described in this section.

2.3.1 Nitrogen

The industrial use of nitrogen in flotation is currently limited
to copper/molybdenum separation. While the use of nitrogen ( as
patented by Delaney in 1972,(18) is not to control mineral
collector interaction a brief description of 1its use in

copper/molybdenum flotation metallurgy is still useful.

A copper/molybdenum bulk concentrate is normally floated using
conventional xanthate and dithiophosphate collectors (13).
However the subsequent separation of molybdenite by £flotation
from chalcopyrite takes advantage of molybdenite's natural
hydrophobicity. So, for effective copper/molybdenum separation,

the collector coating must be removed from the chalcopyrite.
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Acidification and conditioning alone fails to remove all this
coating so a strong reducing agent is added. 1In the case of
Gibraltar Mines (British Columbia) sodium hydrosulphide (NaHS) |is
used for this purpose (although Nckes reagent is also commonly
used). This, like any other strong reducing agent is readily
oxidised by dissolved oxygen during flotation and as a result
over 8,000 g/tonne of sodium hydrosulphide is used, considerably
more than the 25 g/tonne that, according to stochiometric

calculations, i{s needed (13).

The i{dea of using nitrogen appears to have derived from work by
Soviet investigators on using varinus gases, 1including steam in
copper/molybdenum =eparation. The gas lovers consumption of the
reducing reagent and so reduces reagent cost. Nitrogen may f£ind
a use In flotation whenever reducing conditions are beneficial;
and it could theoretically reduce the consumption of other

reagents such as sodium cyanide and sodium hydrosulphite.

Savings upon using nitrogen are often considerable. Podobnik and
Shirley reported that the savings in Nokes reagent wvere over 60%
(73). At Gibraltar Mines, the drop 1in sodium hydrosulphide
consumption 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).

While Shirley (1980) noted that nitrogen gas could only be used
beneficially in copper flotation, the increasing usa of flotation
columns and the resultant reduction in gas volumes used in

flotation may open new economic avenues for the use of nitrogen.
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Furthermore, Soviet investigators have recently established that
nitrogen effectiveness is related to pulp temperature,
temperature control being one wvay for further optimization in the

use of nitrogen (89).

Outside copper/molybdenum separation, the potential value of
nitrogen as a carrlier gas in flotation has never been assessed.
Its role as a pyrite depressant in sphalerite/pyrite separation
has been proposed by Rao and Finch (76-7) though the results in
this thesis vwill 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 describing how nitrogen

is produced for industrial applications.

2.3.2 Carbon dioxide

Carbon dioxide 1is produced as a by-product from nitrogen
production at plants such as Gibraltar. 1In this case it is wused
as a substitute for sulphuric acid to reduce the pH in the

molybdenum circuit (13).

Miller and co-vorkers have recently proposed the use of carbon
dioxide to float fine coal. Carbon dioxide was used to produce a
super-clean coal (so-called carbon dioxide coal flotation) by
improving ash rejection and increasing the rate and extent of
flotation for high-volatile bituminous coal (46). The success of
the procedure |is attributed to the coal's high adsorption

potential for carbon dioxide.
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Followving this use in coal flotation another possible area 1is
bitumen flotation. It s difficult, hovever, to imagine
widespread application of carbon AIOxlde in froth flotation
(98).

2.3.3 Stean

Many complex sulphide plants use steam as a conditioning gas
prior to flotation. Two examples are Brunswvick Mining and Mattabi
Mines, as described in the previous section. Steam's normal role
is to destroy residual reagents in solution after bulk €flotation
(68). Hovever Berger and Evdokimov (10) have experimented with
the use of steam in combination with air, as the flotation
carrier gas. They tested this novel approach on several ores and
observed reduced reagent consumption and flotation time, and
improved extraction and selectivity. The effect of steam may be
to improve froth cleaning by raising vater temperature and aiding

£ilm drainage (67).

2.3.4 Sulphur dioxide

Sulphur dioxide is nov probably the most commonly used gas beside
ajir in flotation. Its use, howvever, is purely as a conditioner
and it never acts as the carrier gas. In Canada, numerous plants
use sulphur dioxide prior to complex sulphide flotation.

Exanples are given in Table 2.2,



Sulphur dioxide is mainly used for the depression of pyrite,
sphalerite and galena (2,4,11,20,68,85). While Table 2.2 shovs
that many of the larger complex sulphide circuits in Canada use
sulphur dioxide, other mines continue to use the older
established depressants such as cyanide and zinc sulphate (e.gq.
Curragh Resources, Polaris Mine and Westmin Resources ) (42,88).
Yamamoto (106) gave tvo reasons for the replacement of cyanide
with sulphur dioxide as a depressant - (1) cyanide is an
environmental hazard and (2) cyanide tends to dissolve some of
the precious metals in the ore. Gaudin (26), 1in fact, mentions
that cyanide depression of sphalerite is only effective when
significant quantities of iron are associated with the zinc.
(This perhaps explains the use of cyanide at Curragh resources

where the sphalerite contains roughly 15% iron in the matrix.)

Table 2.2: Some Canadian base metal operations using sulphur

dioxide during flotation.

name: minerals addition

recovered rate g/t
Brunsvick Mining: Cu/Pb/In/Ag 900
Geco: Cu/Pb/Zn 430
Kidd Creek Mines,"A" div:Cu/In 341
e " " ,"D" div:Cu/Pb/Zn k] 31
Matagamsi Lake: Cu/Pb/Zn 294
Mattabi Mines: Cu,/Pb/Zn/Ag 345

Significan. research has recently been conducted 1into the
chemistry of sulphur dioxide action in complex sulphide
flotation. A major literature review of the theory behind the use

of sulphur dioxide, or more precisely the derived ions such as
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the sulphite ion, in complex sulphide flotation is beyond the
scope of this theslis. Some of the more important £indings will,

hovever, be covered.

At Brunswvick Mining, Kidd Creek Mines and Mattabi Mines, sulphur
dioxide is used to depress galena, sphalerite and pyrite at
various stages in the process. All three plants add sulphur
dioxide to the pre-aerator for pyrite and sphalerite depression
prior to copper flotation. Hovever, the twvo Noranda mines use
sulphur dioxide to selectively float galena to the bulk
concentrate and then to selectively depress galena in copper/lead
and zinc/lead separation stages. This apparent contradiction of
uses {llustrates the complexity of sulphite ion / metal sulphide
interactions., Peres (71) conducted an extensive study to evaluate
the effectiveness of sulphur dioxide on the flotation of copper,
lead and zinc. The depressing action of sulphur dloxide on

different minerals is compared in Table 2.3.

TABLE 2.3 : Depressing action of sulphur dioxide in oxrder of

effectiveness.(71)

Sphalerite most effectively depressed
Marmatite

Pyrite

Galena

Covellite

Chalcocite

Chalcopyrite least effectively depressed

Several mechanisms have been proposed for the depressing effect

of sulphite 1ions on sphalerite flotation.
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Sulphite 1ions may depress sphalerite through the formation of
calcium or zinc sulphite £ilms on the sphalerite surface
(96,106). 8So, for effective sphalerite depression zinc or
calcium 1ions must be available in solution. Table 2.4 shovs
that vhile some operations appear to coincide with this

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

TABLE 2.4: A 1list of operations using sulphur dioxide

for sphalerite depression, and the regulators used

vith it.
Operation Amount 80, added Other regulators
Mount Isa 500-1000 zinc sulphate
sodium cyanide
Ainai, Japan 70-1000 zinc sulphate
sodium cyanide
Hanava, Japan 70-1000 zinc sulphate
Brunsvick Mining 150 none
Mattabi Mines 150-500 none

Kidd Creek Mines
'D' Division 350 none

Gaudin et al, taking an approach based on solid/solution
equilibria (27), proposed that the depression of sphalerite
vas the result of lovering the cupric ion concentration in
solution “hrough reduction of the solutjon potential. Gaudin
calculated that the addition of 600 g/tonne sulphur dioxide

vould effectively remove copper ions from solution (26).
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3., Misxa (64) found that the depression of sphalerite from
chalcopyrite also stems from the decomposition of xanthate
through action of sulphur dioxide. He found that the rate of
decomposition is faster than that of xanthate adsorption onto
the sphalerite surface, thus keeping the surface clear of
collector. It s slover than the adsorption of xanthate onto
chalcopyrite, hovever, and so cannot prevent a multi-layer
coating of collector from forming on the chalcopyrite surface.
The respective rates are dependent on sulphur dioxide and
xanthate concentrations and the pH. Consequently all these
factors 1influence the effectiveness of sulphur dioxide in
promoting selective copper flotation from a copper/zinc

mineral association (64).

Galena depression by sulphite jons seems to be the result of
formation of lead sulphite on the galena surface. A pre-requisite
to the formation of such a film is an oxidised galena surface,
indicating that sulphur dioxide will only depress galena if it is
heavily oxidised (91). Interestingly, Shimocisaka (91) found a
similar mechanism for the depressing action of chromate ions on
galena. This, hovever, vas not restricted to oxidised galena,
suggesting that chromate ions may be a more effective depressant.
In fact Brunsvick Mining originally adopted the use of chromate
depression of sphalerite and pyrite, only to later reject the

approach (66).
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Sulphur Adloxide also depresses pyrite. Ais sulphur dioxide |is
often a reducing agent (depending on the other ions in solution),
pyrite depression is often considered electrochemical in nature.
Dixanthogen is the mos_ important hydrophobic species on the
surface of pyrite (8,105). This can only form at pulp potentials
higher than +0.22v vs S.H.E. By lowering the pulp potential below
0.22v vs S.H.E. the mechanism for pyrite collection using
xanthates 1is blocked. Howvever, Hill (38) found that sulphur
dioxide does not reduce the potential in streams at Brunsvick
Mining, unless the pH is belov 2. Further, sulphur dioxide is
used to improve the selectivity of chalcopyrite £flotation, and
the rest potentials for xanthate adsorption on chalcopyrite and
pyrite differ by only 80 mV. A more likely explanation is given
by Yamamoto (106) and is similar to that proposed by Misra for
sphalerite depression. While the adsorption of xanthate onto the
pyrite surface is nct blocked by sulphite ions, they do desorb
the xanthate effectively - the xanthate being decomposed to ethyl
alcohol and carbon dioxide through the action of sulphite ions
and oxygen, The applicable pH range is limited (pH 6-8) which
would help to explain why sulphur dioxide can be used for
selective pyrite depression (at pH 8) and flotation (at lowv pH -~

as formerly at Brunswick Mining).

Recently, Hoyack and Raghavan (43) showed that the depression of
pyrite at higher pH levels (as at Kidd Creek Mines) may be Adue to
electrochenmical reactions leading to the formation of a

hydrophilic surface product, Fez(soh)s.re(OH)s.
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The potential value of sulphur dioxide in copper/nickel flotation
has been assessed from time to time. Extensive pilot plant vork
on the use of sulphur dioxide in floating severely altered '"pot-
hole" copper/nickel/platinum group metal-bearing ores in Scuth
Africa resulted in \improved pentlandite and pyrrhotite grades
(45) but this has not been adopted commercially. Results from
vork by Peres (71), on pentlandite and chalcopyrite flotation are

concordant with those noted in South Africa.

2.3.5 Other gases in f£lotation.

Hydrogen and oxygen arxe used as carrier gases in
electroflotation. The basic principal of electroflotation is to
produce hydrogen or oxygen through electrolysis, and to use the
gas produced as the carrier gas in flotation. Electroflotation

has tvo possible advantages:

1) The chemical nature of the gas can aid the flotation process.
An example is the use of hydrogen to float cassiterite, where the
gas reduces the oxide to wetallic tin, alding particle

hydrophobicity. (41,104)

2) Finer bubbles can be produced, and the bubble size better
controlled. This could aid the flotation of £ine particles. The
bubble sizes produced are typically 10-60pm in diameter, there
being normally a compromise between bubble size and the stability
of the froth produced.(9,31,50,104).
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Electroflotation has not been adopted on an i{ndustrial scale yet,

though testwork such as that on tin ores from Wheal Jane |in

Cornvall, England has suggested that |t holds
(41).

promise

48




2.4 MEBANS AND BCONOMICS OF PRODUCING NITROGEN (15).
‘: 2.4.1 Nitrogen supply options

There are six wvays to supply nitrogen to a flotation plant:

* Combustion plant on-site.

* Membrane system on-site.

* Pressure Sving Adsorption system on-site.
* Cryogenic systeam on-site,

% Shipping-in liquid nitrogen.
bd Closing £flotation cells.and recirculating the air,

the oxygen vill be consumed by the sulphide minerals.
The relative merits of each system vill nov be considered.

Combustion plant:

Combustion plants have been built on-site at a number of Canadian
copper-molybdenum operations (e.g. Gibraltar Mines and Lornex
Mining). They operate by using natural gas to combust the oxygen
in the alr by the folloving reaction:

202 + CH4 -> 2820 + 002

The quality of the nitrogen produced depends largely on the level
of automatic control applied, being of the range of 95% - 99% Nz.
Plant capacities are variable, though in the copper-molybdenum

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

Membrane system:
The membrane system effectively filters compressed air, taking
advantage of the fast permeation rates of oxygen, carbon dioxide

( and vater vapour to separate them from the more slovly permeating
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Membranes employ the principle of selective permeation to
separate gases. Oxygen permeates quickly through a semi-permeable
membrane. Nitrogen permeates through at a much slower rate. The
driving force which forces the oxygen through the membrane, is

the difference between the two partial pressures of the feed and
the oxygen discharge.

low
pressure

15 ,
J ' = air

—

N, high
high S 2 pressure

pressure tubes of semi-permeable membrane

FIGURE 2.7 - Membrane system for producing nitrogen.
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nitrogen. Compressed air enters a chamber filled with bundles of
seni-permeable nmembranes formed into tiny, hollov £ibres. The
faster permeating gases, driven by a higher partial pressure
inside the tubes than outside, permeate through the membrane and
are collected at a relatively lov pressure. Nitrogen remains
inside the tubes and discharges the other end of the cylinder
(see Figure 2.7). Such a plant produces nitrogen at roughly 95%

purity, and has a relatively lov capacity of 2.5 tonnes per day.

Pressure Sving Adsorption:

Pressure Swving Adsorption is a commonly used means of providing
nitrogen of 99% purity. Compressed air is supplied at the bottom
of the first bed where the proprietary sieve adsorbs the oxygen
and other impurities (Figure 2.8)., When this bed approaches
saturation it svitches to a regenerative phase wvhile the second
bed automatically begins the separation process. A nitrogen
reservoir provides surge capacity and ensures a steady output.

Plant capacities are generally up to 50 tonnes per day.

Cryogenic plants (101):

Cryogenic plants are the best means for providing large tonnages
of nitrogern (more than 50 tonnes per 'day). They produce a very
clean product (>99.9% Nz) by lowvexring the temperature of a supply
of ailr to belov the bolling point of oxygen (-183 deg C) and
separating 1liquid oxygen from gaseous nitrogen. One stage
produces a 50% oxygen containing 1liquid so two stages are needed
to produce a high grade oxygen product. The Linde double column

illustrated in Figure 2.9 is an example of a cryogenic system.
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A Pressur2 Swing Adsorption (PSA) system is composed of two
identical multi-layered beds which perform the separation
process. Compressed air enters the bottom of the £irst bed where
a proprietary sieve adscrbs oxygen and other impurities, allowing
the nitrogen to pass througn. When this bed approaches saturation
it switches to a regenerative phasa while the second bed
automacically begins the separation process. The cycle |is
completad when the secend bed reaches saturation and starts to
regenerate and the first bed, once again, begins production.

filter

[T

r"\

air_q }nitrogen
/ ADSORPTION

BEDS NITROGEN
AIR filter RESERVOIR
RECEIVER :

FIGURE 2.8 - Diagram of a Pressure Swing Adsorption system used
for the production of nitrogen.
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1f nitrogen 1is required at any tonnage above 10-20 tonnes per
day, shipping it in on tzucks in liquid state is not likely to be
viable. If nitrogen is only required occasionally, hovever, or if
a lov requirement is expected this may be a viable alternative.
This is the only option if the consumer does not wvant any

significant capital outlay.

Probably the most economical application of nitrogen in flotation
in Canada is that of Island Copper at Port Hardy, B.C. Plant
engineers closed the cells in the copper/molybdenum circuit and
recirculated the gas (15). Some oxygen does leak into the system
but this is consumed by reagent and the sulphides in the ore. The
extra cost of consumed reagent is considerably less than the cost
of producing nitrogen which itself would not be entirely clean of
oxygen. Brenda Mines have also enclosed the £lotation cells in

the copper/molybdenum separation circuit (15).
2.4.2 Econonic Comparison of the different options.

Table 2.5 compares the economics of the different sources of
nitrogen. The capital cost of a nitrogen plant depends on the
amount and quality of nitrogen to be produced. A typical plant
producing 20 tonnes per day at 95% purity would cost roughly
$750,000. A plant producing 400 tonnes per day of 99% nitrogen

vould cost roughly $8 million.
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Air goes through tubes cooled in compartments which both cold
oxygen and nitrogen flow. It is liquified in the bottom of the
lower column where mainly nitrogen rises in gaseous form. It is
also greatly cooled in the tubes surrounded by liquid oxygen from
the upper column.

The oxygen-rich liquid is transferred to the middle of the upper
column where condensation of mainly the oxygen occurs, the more
volatile nitrogen rising to the compartment that cools the
incoming air. The arrows show the route followed by the liquid
and gases.

Y

—
i

T
i
T

M=

FIGURE 2.9 - Diagram of 2 double column for separating the oxygen

and nitrogen in an air supply (from reference 15).
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TABLE 2.5: Comparing the costs of the different means of

producing nitrogen.
cost per tonne "2

Combustion plant....cccsecesve00ee..810-840
Membrane pPlant...ccccsceescoscesess N/A
Pressure 8Sving Adsorption..........850-860
Cryogenic plant.....cieveevvceeesse 840
Supply of ligquid nitrogen...cccc... 8170

2.4.3 Other aspects of the use of nitrogen.

A plant that uses large tonnages of ﬁltzogen vill probably need
to ensure the gas is disposed of for safety reasons. Thus some
form of closed cells are going to be needed, vhich suggests that

it vould be vorthwhile enclosing them completely.

Simply recirculating the air may not ensure consistent quality of
nitrogen and vill cause problems during start-up so some form of
nitrogen producing capacity will probably be necessary. This
wvould also permit a slight positive pressure to be maintained in
the flotation cell, reducing the chance of air leaking into the
system. While combustion plants have been the most popular they
do have the disadvantage of not producing by-product oxygen. The
oxygen, produced by membrane, P.S.A., and cryogenic plants can be
used either elsevhere in the circuit (e.g. to improve a pre-
aeration stage) or in plant boilers (e.g. for the concentrate
driers). This would help off-set the cost of producing the
nitrogen. The production of nitrogen vill be considered further

during the discussion stage of this thesis.



3. EXPERINMENTAL
3.1 ORE PREPARATION

Ore vas obtained from the rod mill feed of three plants,
Brunswick Mining, Mattabi Mines and Kidd Creek Mines ("D"
division). The ore from Brunsvick Mining vas sampled in 1985 and
1987. The Mattabi plant vas sampled in the spring of 1987 and ore
from Kidd Creek Mines "D" division wvas sampled in the fall of
1987.

Plant rod mill feed material is generally toou coarse to be ground
in the McGill laboratory rod mill wvithout being crushed finer. So
each ore vas dried (slovly in a cool oven, to avoid oxidation of
the ore) and crushed using a laboratory gyratory crusher

(Peacock Brothers) povered by a 5.6kW synchronous motor.

The crusher product vas split into 1 kg samples using a 12-wvay
rotary splitter, model M12 "prosplitter" (Desert Laboratories,

Tucson AZ). The samples vere stored dry at room temperature.

The ore was ground wet, at 64% solids by veight, in a stainless
steel laboratory rod mill. The mill vas 235am long by 178am
diameter. A combined charge of wmiid and stainless steel rods wvas
used, consisting of 11, 16mm by 230;n stainless steel rods, 2,
22man Dby 194mam mild steel rods and 1, 35am by 194mm mild steel
rod. The total charge veight was 7750 g. Some tests were run

using an entirely stainless steel charge but no change in

flotation performance vas observed.
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Grinding time varied fxrom ore to ore, and vas determined using
grinding tests and preparing a grind time vs size callbration
curve, In each case the resultant particle size distribution vas
as similar as possible to that of the nev flotation feed at the
respective plant. The grinding test data is presented in Appendix
1, the calibration curves being Figures 3.1 to 3.3. The ground
material wvas transferred from the mill to a 2.5 L Leeds-type

flotation cell (Figure 3.4).

3.2 PLOTATION

While flotation test reproducibility is always limited by errors
in sampling and variations in the operation of a test (6,19), the
Leeds cell considerably reduces the amount of error. The cell,
designed by C.C.Dell in 1981 has been analysed extensively by
researchers in the United Kingdom and South Africa (7,19,67).

They concluded that:

L] The open top nature of the cell allovs excellent access
for filling and froth removal, thus maintaining a
consistent froth depth.

* Good control of the impellor speed (through digital
readout) and pulp level (controlled automatically or
manually) enhances reproducibility.

* Excellent air dispersion characteristics through use of
baffles 1leading to good flotation performance and

stable, deep froths.
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The author used a Leeds cell in South Africa, £for roughly 150
tests on a magnetic concentrate from Merensky ore (62). Based on
that experience, and the experience from the testwork reported in

this thesis the author can confirm these observations.

The standard flotation procedures for the three orxes are
described in Tables 3.1 to 3.4. Most tests, hovever, wvere run
under specific conditions. These conditions are listed with the

respective results sheet in the appendix.

Conditions in the laboratory tests vere designed to be similar to
standard plant conditions, vith one notable exception. Tests at
McGill University used zinc sulphate'as the principal sphalerite
depressant during copper,lead bulk flotation. The main reason for
this is the difficulty associated with handling and storing
sulphur dioxide at the University, oving to its hazardous
nature. Tests at Brunswick Mining compared the use of zinc
sulphate wvwith sulphur dioxide, and found that the metallurgical
results achieved using the twvo approaches are very similar. In
some tests on Mattabl ore sodium sulphite wvas used as a
substitute for sulphur dioxide. Results from this testwork are

descibed in Section 4.2.
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TABLE 3.1: The standard
Brunsvick Mining ore at McGill University:

GRIND:
sample size
mill

charge
reagents

pH

pulp density

1 kilogram

steel rod mill (see text)
mild/stainless steel rods (see text)
zinc sulphate, 1200 g/t®*

natural

2.1 Kg/litre (64N solids)

flotation procedure

tests

note: mill pre-cleaned by grinding vith silica for 5-10 minutes.

PLOTATION CEBLL:
impellor speed
fxoth depth
pulp density

PRE-ABRATION:
Tinme
Gas flovrate

pH

BULK PLOTATION:

Total flotation
time

collectors

frother

Gas flovrate

ZINC FLOTATION:

Copper Activation

- activator

- conditioning

—p“
flotation

- collector

- time

- frother

Leeds open-top, 2.5.11tze

1100 xzpm
1-2 centimetres

1.3 kg/litre (31% solids)

10 minutes

3-5 litres/minute
8.5, modified by lime

4 minutes

Sodium isopropyl xanthate (total 80 g/t)®

3-5 litres/ainute

Copper sulphate,

5 minutes.

10.0, adjusted using lime

1200 g/t*

sodium isopropyl xanthate (total 80 g/t)*

7 to 11 minutes

MIBC

* prepared each day.

note: Collector prepared as 1% solution.
Copper sulphate prepared as 10% solution.
Zinc sulphate prepared as 10V solution.



TABLE 3.2: The standard flotation procedure for tests on Mattabl

Mines ore at McGill University:

GRIND:
sanmple size
nill

charge
reagents

pH

pulp density

1l kilogram

steel rod mill (see text)

mild/stainless steel rods (see text)

zinc sulphate, 1100 g/t®* or sodium sulphite.
9.5, modified by soda ash

2.1 Kg/litre (64% solids)

note: mill pre-cleaned by grinding vith silica for 5-10 minutes.

PLOTATION CBLL:
impellor speed
fxroth depth
pulp density

PRE-AEBRATION:
Tine
Gas flovrate

BULK FLOTATION:

Total flotation
time

collectors

frother
Cas flovrate

ZINC PLOTATION:

Copper Activation

- activator

- conditioning

-p“
flotation

- collector

- time

- frother

Leeds open-top, 2.5 litre
1100 zpa '

1-2 centimetres

1.3 kg/litre (31% solids)

10 minutes
3-5 litres/minute
9.5, modified by soda ash

4 minutes

Sodium ethyl xanthate, 2.5 g/t and
dithiophosphate, 2.5 g/t®

Dovfroth 250

3-5 litres/minute

9.5, modified by soda ash

Copper sulphate, 1200 g/t*
5 ainutes.
10.0, adjusted using lime

sodium ethyl xanthate (total 80 g/t)®
7 minutes
MIBC

®* prepared each day.

note: Collector prepared as 1% solution.
Copper sulphate prepared as 10% solution.
Zinc sulphate or sodium sulphite prepared as 10%

solution.
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TABLE 3.3: The standard flotation procedure for tests on Kiad

Creek Mines ore, "D" division at McGill University (5):

GRIND:
sample size
mill

charge
reagents

pH

pulp density

1 kilograa

steel rod mill (see text)
mild/stainless steel rods
zinc sulphate, 1000 g/t®
9.0, modified by lime

2.1 Kg/litxre (64N solids)

(see text)

note: mill pre-cleaned by grinding with silica for 5-10 minutes.

FLOTATION CELL:
impellor speed
froth depth
pulp density

PRE-AERATION:
Time
Gas flowvrate

BULK PFLOTATION:

Total flotation
time

collectors

frother

Gas flowvrate

ZINC PLOTATION:

Copper Activation

- activator

- conditioning

-p"
flotation

- collector

- time

- frother

Leeds open-top, 2.5 litre

1100 rpm
1-2 centimetres

1.3 kg/litre (31N solids)

10 minutes

3-5 litres/minute
10.5, modified by lime

4 minutes

Sodium isopropyl xanthate (total 20 g/t)t

MIBC

3-5 litres/minute
10.5, modified by lime

Copper sulphate, 1000 g/t*

5 minutes.

11.0, adjusted using lime

sodium isopropyl xanthate (total 80 g/t)®

7 minutes
MIBC

®* prepared each day.

note: Collector prepared as 1% solution.
Copper sulphate prepared as 10V solution.
Zinc sulphate prepared as 10N\ solution.



TABLE 3.4:

The standaxd flotation procedure

for

Brunsvick Mining ore at the plant laboratory (3).

GRIND:
sanple size
mill

charge
reagents

PH

pulp density

FLOTATION CELL:
impellor speed
froth depth
pulp density

PRE-AERATION:
Time
Gas flowvrate

BULK FLOTATION:

Total flotation
time

collectors

frother

Gas flowvrate

ZINC PLOTATION:

Copper Activation

- activator

- conditioning

—p"
flotation

- collector

- tinme

- frotherx

2 kilogram

steel rod aill (Denver mill)
stainless steel rods

sulphur dioxide, 150 g/t*
8.0, modified by soda ash
2.2 Kg/litre (66% solids)

Wemco, 3 litre

1500 rpm

1-2 centimetres

1.9 kg/litre (55% solids)

20 minutes
valve fully open
9.2, modified by soda ash

7 minutes

Plant xanthate (total 50 g/t)*
MIBC

valve fully open

9.2, modified by soda ash

Copper sulphate,
10 minutes.
10.1, adjusted using lime

700 g/t*%

plant xanthate (total 50 g/t)®
7 minutes
MIBC

* prepared each day.

note: Collector prepared as 1%\ solution.
Frother prepared as 1% solution.
Copper sulphate prepared as 10% solution.
Zinc sulphate prepared as 10% solution.
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A Fisher Scientific "Accumet" pH meter ( Model 815 P) with
assoclated electrode, was used for pH measurement. Dissolved
oxygen measurements vere made using an Orion Research dissolved

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

Pulp potentials wvere monitored using a system described by
Labonte (52). A gold coil electrode vas used as a sensing
electrode and wvas measured against a standard calomel electrode.
Other factors (such as pH and temperature) affect measurements of
pulp potential and vere accounted for using the system
illustrated by Figure 3.5. Measurements vere processed on-line
using the program "FLDATAC" on an IBM.computer, giving read-outs

at 6 second intervals.

3.3 SAMPLE PREPARATION, ASSAY AND METALLURGICAL BALANCING

Sanples from the flotation tests wvere dried in electric ovens at
below 100 deg C, again to avoid oxidation. The dried samples vere
veighed and, if necessary, split before being sent for assay.
Most samples wvere assayed by Le Centre de Recherches Minerales in
Sainte Foy (Quebec), or at the respective mine assay
laboratories. A mass balance vas generated from the results using

the IBM-Lotus 1-2-3 spreadsheet program.
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4. RESULTS
4.1 FLOTATION TESTWORK ON BRUNSWICK MINING ORB

Perhaps the principal problem facing metallurgists at Brunswvick
Mining is the flotation separation of sphalerite and pyrite. The
curcent flowsheet only allows a 30% zinc rougher concentrate
grade to be produced, because of significant mis-direction of
pyrite. As a result operators have to rely greatly on the cleaner
circuit to make grade, resulting in a relatively complex cleaner
circuit and a relatively lowv grade of zinc (51%) in the final

concentrate.

Recently, McGill University has been involved in research to find
vays of improving metallurgy in the zinc circuit at Brunsvick
Mining. Hill (39) concentrated on the mineralogy of the circuit;

this thesis considers the chemistry behind pyrite flotation.

This thesis applies some novel concepts, largely derived from the
increased understanding of flotation chenistry, to improve
selectivity in zinc flotation. As discussed in Section 2.1, of
particular interest is the possibility of collectorless flotation
of pyrite and the use o0f nitxogen to improve zinc/pyrite

selectivity.

The results described in this section shov that collectorless

flotation of Brunsvick Mining cre is largely Ineffective. The

tests did, however, identify that pyrite £flotation can be
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strongly promoted 1in the presence of a nitrogenated, or more
correctly, a de-oxygenated environment. A procedure vas developed
by vhich a high-grade pyrite concentrate could be produced prior

to zinc flotation.

4.1.1 Standard test and statistical comparison vith plant results

In such a program of laboratory tests, it is important to develop
a standard procedure which produces similar metallurgical results
to the respective production plant. As a consequence, the first
part of this section {is devoted to determining standard
conditions. As the chief area of interest is zinc,pyrite
separation all tests generally start wvith a standard copper, lead
bulk flotation stage. (This repeated bulk flotation stage acts as

a continual check on test reproducibility.)
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FIGURE 4.1 - Grade vs recovery of lead to the bulk concentrate,

from tests at Brunswick Mining employing the Brunswick Mining and
McGill University standard procedures.




(=

4.1.1.(a) Results from standard tests employing the McGill

procedure.

The tests on Brunswick Mining ore in the McGill University
laboratory led to slightly lover combined copper, lead grades in
the bulk rougher concentrate than those reported at the plant, at

equal recoveries (see Table 4.1).

When the standard Brunswvick Mining laboratory test procedure wvas
comnpared to the McGill procedure, using the same wmill and
flotation cell the respective results are similar (particularly
at typical plant recoveries of 70N, see Table 4.2 and Figure
4.1). This suggests that the improved copper / lead flotation
selectivity is a result of a specific plant condition rather than
the technique applied. A notable feature from this testwork |is
the equivalent effect of using sulphur dioxide and zinc sulphate

on the flotation depression of pyrite and sphalerite.

At McGill University, the ensuing zinc flotation stage led to a
258 zinc rougher concentrate 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 testwork, 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 circult, raising the zinc assay of the rougher

feed.

The laboratory testwork performed on-site at Brunswvick Mining

included, in each case, some form of pyrite flotation stage prior



TABLE 4.1: Copper, 1lead, zinc, and iron grades and
recoveries in the bulk flotation concentrates fxrom
laboratory tests at McGill University and Brunsvick
Mining 812 plant

test number 10-301 plant data

bulk copper/lead rougher

grade / recovery grade / recovery
(8) (8) (s) (8)
copper l1.14 / 76.1 1.50 /7 176.4
lead 10.60 / 75.3 16.70 7/ 176.7
zinc 7.54 / 21.7 10.50 /7 19.3
fron 33.85 / 27.8 28.27 /7 117.8

TABLE 4.2: Copper, 1lead, zinc, and iron grades and
recoveries {n the bulk flotation concentrates, from
laboratory tests wusing McGill University and Brunswick
Mining laboratory procedures. Conditions were othervise
identical. Tests performed at Brunsvick Mining.

McGill procedure BMS procedure

bulk copper/lead rougher

grade / recovery grade / recovery
(S) (%) (%) (%)
copper 1.63 / 57.8 1.58 / 69.4
lead 18.72 / 67.6 19.89 / 72.3
zinc 8.81 / 14.4 9.00 / 14.4
iron 22.99 / 13.4 27.53 / 14.8

TABLE 4.3: Comparison of metal recoveries from bulk
copper, lead rougher flotation during laboratory tests
and on the plant.

recoveries (%)

standard other lab. plant

tests tests data

mean nean s.qd. mean

copper 76.1 74.8 3.7 76.4
lead 75.3 73.0 8.5 76.17
zinc 21.7 186.8 5.2 19.3
izxon 27.8 17.7 3.2 20.2
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to 2zinc roughing. The zinc £flotation £feed, therefore, wvas
different in constitution in these cases and the zinc flotation

stages cannot be compared.

In most tests a standard bulk copper,lead flotation stage was
adopted prior to pyrite and/or zinc flotation. Table 4.3 1lists
metal recoveries from bulk flotation in the standard test, on the
plant, and the mean and standard deviation of all the other tests

in the project.

The table shows that deviations from the mean were relatively
small. As laboratory flotation tests are alvays subject to such
variable conditions as ore gquality, wvater quality and grind,
results have an inherent inconsistency, these relatively lov
standard deviations are judged acceptable. Table 4.3 also shovs
that laboratory test results deviate only slightly from the
metalluxrgy achieved on the plant. At the 95\ confidence 1level,

the deviations from the plant results are insignificant.
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4.1.2 Collectorless flotation of Brunswvick Mining ore.
In this set of tests the potential for collectorless flotation of
Brunsvick Mining ore vas assessed. Tests in the section followved
the sequence:

collectorless flotation

Zulk flotation (tests 10-101,10-102)

zinc flotation

Both alr and nitrogen wvere used as the carrier gases.

Generally, no appreciable collectorless flotation of Brunswvick
Mining ore in air vas observed. Hovever, in one test a longer
pre-aeration period resulted a 100 improvement in the
collectorless recovery 2f chalcopyrite. The overall recovery of

chalcopyrite, hovever, wvas still less than 40V (see Table 4.4).

When a bulk concentrate vas floated with collector after the
collectorless float, the resulting copper and lead grades wvere
lov, reflecting significant flotation of zinc and iron sulphides
to the bulk concentrate (see Table 4.5). This in turn led to zinc
recovery of only 60% to the zinc concentrate, at a grade of 30%
zinc. 2Zinc flotation without prior bulk flotation led to a low
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 1incorporating collectorless flotation using air 1into the

Brunsvick Mining flowsheet.
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One test wvas run to check the collectorless flotation of
Brunsvick material in nitrogen. The results vere similar to those
in air, shoving generally poor flotation of all minerals (see

Table 4.6).

Folloving flotation of the collectorless concentrate, bulk
flotation in nitrogen using xanthate vas attempted. These results
are also outlined in Table 4.6, and indicate strong flotation of
pyrite and fairly strong flotation of galena. Other minerals

floated poorly.

The remainder of the pyrite floated in the zinc flotation stage.
As a result, only a lov grade zinc concentrate could be produced.
TABLE 4.6: Metal grades and recoveries from collectorless
flotation in nitrogen of ore from Brunsvick Mining, after

grinding and nitrogen conditioning.

Collectorless flotation concentrate.

grade (%) recovery (%)
copper 0.37 11.9
lead 4.81 15.8
zinc 8.68 10.8
ixon 26.30 11.5
copper,lead bulk flotation concentrate
grade (%) recovery (%)
copper 0.48 30.7
lead 4.91 53.5
zinc 2.57 10.3
iron 39.09 56.8
zinc flotation concentrate
grade (%) recovery (%)
copper 0.40 31.7
lead 3.28 26.2
zine 24 .48 74.0
iron 22,51 24.0
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TABLE 4.4: Metal grades and recoveries from collectorless
flotation in air of ore from Brunswick Mining, after
grinding and different levels of pre-aeration.

tests 10-103,10-104 10-102
pre-aeration
time (min) 10 25
grade/xrecovery grade/recovery
(s) (8) (8) (8)
copper 0.62/ 16.7 1.07/ 36.8
lead 5.91/ 16.5 5.60/ 20.0
zinc 7.62/ 9.4 7.10/ 9.5
iron 33.51/ 10.5 28.10/ 11.8

TABLE 4.5: The metal grade/recovery relationships from
flotation of the copper, 1lead bulk concentrate in test

10-102 .
coppex, lead bulk flotation concentrate
grade (%) recovery (%)
copper 0.70 43.6
lead 9.57 61.1
zinc 9.92 24.0
iron 30.24 24.7
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4.1.3 Assessing the effects of aeration and nitrogen on bulk

flotation.

The standard pre-treatment method used before bulk ‘lotation
involves wup to 30 minutes aeration. This is believed to 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 1in pyrite depression and extend this to show that

nitrogen can promote pyrite flotation.

The first tests omitted the aeration stage used at Brunswick
Mining (and commonly elsevhere). Short periods of xanthate
conditioning were used in a nitrogen environment before each bulk
flotation step. This resulted in strong flotation of copper, lead
and lron-bearing minerals, as indicated by the respective high
recoveries in Table 4.7. The amount of zinc mis-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 in zinc grade can be made by

removing the pyrite prior to zinc flotation.

The results from these tests show the value of pre-aeration 1in
attaining good pyrite depression. Flushing the oxygen out before
xanthate conditioning 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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TABLE 4.7: 8equential Flotation of bulk copper, lead and
zinc concentrates in air folloving grinding, nitrogen
conditioning and xanthate collection.

Bulk copper, lead rougher concentrate

tests grade recovery
10-209,10-210 (v) (\)
copper 0.55 82.5
lead 5.15 79.4
zinc 5.01 34.4
iron 38.72 68.°

zinc rougher concentrate

grade recovery
(v) (%)
copper 0.19 9.8
lead 1.99 8.7
zinc 32.96 62.0
iron 18.11 9.1

So far, the removal of oxygen during conditioning 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 grinding. The results are summarised by Table 4.8.

The overall recoveries of all four elements in two of the three
tests were over 80%. As nitrogen vas used throughout the tests
this suggests that the use of nitrogen does not impede collector-
mineral interaction. Whether pyrite is being promoted by nitrogen
is unclear from this testwork. It could be argued that air
flotation without pre-aeration wvould produce the same result.

This is checked in the next section.
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TABLE 4.8: Plotation of (1) a bulk copper, lead
concentrate and (2) a zinc concentrate with xanthate, in
nitrogen folloving grinding and nitrogen conditioning.

(1) bulk copper, lead f£lotation
ref 10-208 10-205 10-206
grade/recovery grade/recovery grade/recovery
(%) (8) (%) (%) (8) (N)
copper 1.15/ 64.4 0.53/ 84.7 0.48/ B84.8
lead 3.5/ 18.0 4.89/ 81.4 5.15/ 85.2
zinc 4.74/ 12.4 4.22/ 28.8 5.06/ 38.1
iron 37.41/ 23.7 38.84/7 175.7 38.66/ 80.0
(2) zinc concentrate
ref 10-208 10-205 10-206
grade/recovery grade/recovery grade/recovery
(%) (8) (S) (s) (V) (N)
copper 0.33/ 11.5 0.20/ 8.8 0.19/ 6.4
lead 8.02/ 25.4 1.76/ 8.1 1.41/ 4.7
zinc 27.44/ 45.0 35.24/ 66.6 39.71/ 55.5
iron 18.37/ 31.0 17.21/ 9.3 13.44/ 5.2

Each individual result is included in Table 4.8 to show that the
action of nitrogen in promoting pyrite flotation directly after
grinding and nitrogen conditioning, can be unreliable (compare
Tests 10-208 and 10-206). While the occasional depression of
pyrite can be explained using our current understanding of
flotation electrochemistry, through a lower pulp potential, this

vould not explain the depression of galena.

Zinc flotation is highly sensitive to the metallurgy achieved 1in
the previous stage (bulk flotation). Where substartial flotation
of copper, lead and iron sulphides has been achieved as in 10-205

and 10-206 zinc grades and recoveries are higher.
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The object of the next set of tests vas to assess vwhether 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-bearing minerals vas consistently observed. Pyrite also
floated strongly, and this is reflected in the poor copper, lead

grades,

Eliminating pre-aeration had little effect on zinc recovery to
the copper, 1lead bulk concentrate. Zinc recovery increased from
18% to 21% indicating, perhaps, more entrainment in the bulkier
concentrates, The ensuing zinc flotation produced low grade zinc

concentrates as illustrated by Table 4.9.

Once again the value of pre-aeration in depression of pyrite has
been shown. The results here suggest that pyrite will 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.

FIGURE 4.2: Summary of the effect of different gases and pre-

treatment steps on the recovery of pyrite in bulk flotation.

pre-treatment flotation pyrite recovery (%)

(conditioning) gas
0 20 40 60 80

nitrogen 3 min nitrogen 808 HItEILELIIIERIEUIEENER

nitrogen 3 min air 68N  JHlLIVNRReLrRnnnrned
none atr 458 L hErreennnn et
alr 10 minutes airx 20 i1
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TABLE 4.9: Plotation of (1) a bulk copper, lead
concentrate and (2) a zinc concentrate in air with
xanthate, after grinding, no pre-conditioning.

(1) Cu,Pb concentrate
mean
grade recovery
(8) (%)
copper 0.8 8l1.4
lead 9.8 82.6
zinc 5.9 22.4
iron 32.4 45.4
(2) zinc flotation
mean
grade recovery
(\) . (8)
copper 0.2 13.8
lead 1.6 10.4
zinc 21.3 62.2
iron 23.6 26.3

Repeated tests have shown that the use of nitrogen c¢an promote
the flotation of pyrite. They have also shovn that nitrogen has
little effect on the flotation of unactivated sphalerite . So the
use of nitrogen can promote pyrite flotation selectively from
sphalerite. Such removal of pyrite can improve the ensuing zinc
flotation concentrates grade. For this effect to be useful,
pyrite must also be extracted separately from the copper and
lead-bearing minerals. To this end, a bulk float is now produced

in the conventional wvay, followved by pyrite flotation.
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4.1.4 Plotation of a selective pyrite concentrate after standard

copper, lead bulk flotation.

In th.s section, the use of nitrogen for the selective removal of
pyrite after standard copper,lead bulk flotation is considered.
Results show that air flotation of the pyrite recovers only 23%
of the iron from the bulk flotation tails. The use of nitrogen,

hovever, leads to considerably higher recoveries of pyrite.

Standard copper, lead bulk flotation stage results from these
tests follow those established in Section 4.1.1 (see Table 4.10).
Table 4.10 ulso shovs that further flotation in air ylelds a
pyrite concentrate with both lowv grade and recovery of pyrite.
TABLE 4.10: Standard flotation of a copper, lead bulk

concentrate, folloved by the flotation of a pyrite
rougher concentrate in air.(Test 10-202)

netal bulk flotation pyrite flotation
grade recovery grade recovery
(\) (8) AN) ()
copper 1.45 68.4 0.24 9.3
lead 15.16 74.0 3.05 12.0
zinc 9.13 16.4 8.4 12.2
iron 29.15 18.5 36.0 18.4

Pyrite scavenger flotation wvas next attempted using nitrogen and
alr in different tests. The results are compared in Table 4.1l
and Figure 4.3, wvhich shows that while flotation in air had
reached its recovery limit, the use of nitrogen activated the
pyrite, flotation yielding much improved grades and recoveries of

iron.
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TABLE 4.11: The flotation of & pyrite scavenger
concentrate following bulk copper, 1lead flotation and
pyrite rougher flotation. Results shov the effect of
nitrogen on the promotion of pyrite. (tests 10-202,10-204)

pyrite scavenger £lotation

air nitrogen
grade recovery grade recovery
(8) (v) (s) (8)
copper 0.18 0.56 0.08 6.7
lead 2.95 0.35 1.07 8.6
zinc 11.80 0.51 4.47 13.7
iron 26.60 0.41 41.04 45.1

So far, nitrogen has only been used to scavenge the pyrite not
floated by a prior rougher flotation stage using air. Both
rougher and scavenger pyrite concentrates were next floated

solely in nitrogen.

Table 4.12 shows that the bulk copper, lead flotation results
correspond to the results from standard bulk flotation tests.
Again nitrogen promoted pyrite flotation 1leading to good grades
and recoveries of iron. Some collector was needed, between 10 and
20 g/tonne of sodium isopropyl xanthate. Significant quantities
of zinc again floated with the pyrite concentrate.

TABLE 4.12: Standard flotation of a copper, lead

concentrate in air,then pyrite flotation in nitrogen,
mean result from tests 10-204 and 19-213.

metal bulk £lotation pyrite flotation
grade recovery grade recovery
(s) (S) (s) (%)
copper 1.28 74.8 0.11 13.4
lead 11.90 66.5 1.88 24.3
zinc 7.98 17.6 5.95 29.3
ixon 29.24 20.7 39.38 64.3
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The effect of removing the pyrite concentrate on zinc flotation
selectivity is now 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 characteristics of,
first, the test including prior pyrite removal using nitrogen
and, second, the standard test are highlighted. It indicates that
by selectively removing the pyrite, the selectivity of the

subsequent zinc flotation stage is improved.

The recovery of zinc is, hovever, 1limited by the prior mis-
direction of zinc to the bulk copper, lead and pyrite
concentrates, as shown by the zinc recovery vs time curve
fllustrated by Figure 4.5. The 40% zinc concentrate was floated
at a recovery of 54% based on plant feed, 1indicating 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 loss to the pyrite concentrate,

4.1.5 Reducing the amount of zinc lost to the pyrite concentrate.

Results from the previous tests have shown that high grade pyrite
concentrates can be floated from Brunswick Mining ore with
minimal amounts of collector added. Copper activation and
xanthate flotation of the pyrite flotation tails then yields a
zinc concentrate of higher grade than is achieved through the

conventional route.
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The chief metallurgical problem with the process is the loss of
zinc that is assoclated vith the pyrite concentrate. Limiting the
loss of zinc to the pyrite concentrate and/or recoverirg it froum
the pyrite concentrate is fundamental to the economic viability
of the proposed treatment route using nitrogen recovery of

pyrite,

The wvork identified two ways to minimise this lcss of zinc:

* Minimising collector addition {n nitrogen flotation of
pyrite.
* Floating the zinc from the pyrite concentrate through

copper activation and reverse flotation in air.

Table 4.13 correlates the amount of collector added during
nitrogen flotation, with the recovery of zinc and iron to the
pyrite concentrate. 2inc flotation to the pyrite concentrate can
be limited by using as little collector as possible during pyrite
flotation. It also <e=hows that at 1less than 10-20 g/tonne
collection addition, the amount of pyrite floated |is greatly
reduced. Therefore 10-20 g/tonne is the optimum addition rate.
TABLE 4.13: The effect of collector dosage rate on the

amount of zinc and 1iron reporting to the pyrite
concentrate during nitrogen f£lotation.

test collector dosage ixon zinc
number rate recovery recovery
(g/t) (8) (%)
10-201 nil 46 13
10-203 10 37 17
10-204 10 51 17
10-501 20 61 23
10-213 20 65 32
10-209 80 8o 34
10-210 80 76 39
10-211 100 80 38
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Folloving flotation {in nitrogen, the pyrite concentrate |is
repulped and the pH adjusted to 10.5. Copper ifons are added to
activate the sphalerite and after 5 minutes conditioning with air
xanthate collector is added. A reverse zinc concentrate is then
floated in air, the air serving to depress the pyrite. The
recovery of zinc to the reverse concentrate is variable, probably
being sensitive to conditions not fully understood as yet. 1In
tests at McGill University, the amount of zinc recovered from the
pyrite concentrate has been limited (see Table 4.14). Tests on-
site at Brunswvick Mining achieved significantly better recoveries

of zinc as describa2d In the next section.

Pyrite remains depressed during reverse zinc £flotation, the
recovery of lron being only 3.08. However starvation quantities
of xanthate (10-20 g/tonne) must be used in the pyrite f£lotation
stage to ensure pyrite depression at this stage. While no results
are reported here, 1t vas observed that pyrite floated in
nitrogen wusing higher collector addition could not be depressed
in the reverse flotation stage.

TABLE 4.14: Metallurgical balance from zinc reverse

flotation in air (test at McGill University).

(Sequence - Standaxrd bulk copper, lead flotation; pyrite

flotation 1in nitrogen; pyrite tails to zinc rougher,
pyrite concentrate to zinc reverse flotation)

test 10-213
product pyrite final conc. zinc reverse conc.
grade/recovery®* grads/recovery?*
(8) (8) (%) ()
copper 0.11 87.8 0.2} 12.2
lead 1.48 92.1 1.73 7.9
zinc 4.86 63.5 39.26 36.5
iron 40.50 97.0 17.33 3.0

® note: recoveries based on reverse flotation feed.
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4.1.6 Tests performed on-site at the #12 plant, Brunsvick
Mining & Smelting.

This section was designed to check for any effects on nitrogen
flotation of differences in procedure, wvater type etc. betveen
the standard McGill flotation procedure and the standard

Brunswick procedure.

The fundamental difference betveen the two procedures is the use
of zinc sulphate in the grind at McGill University, as against
sulphur dioxide. The testwork repeated some of the work already
performed, notably comparing the floatability of pyrite in air
and in nitrogen, and then checked the effectiveness of the

reverse flotation step on the pyrite concentrate.

Bulk flotation 1zresults are similar to thoze using the standard
McGill procedure. 81% of the lead floated at a grade of 14.7% and
748 of the copper floated at a grade of 1.0%. Once again pyrite
flotation in alir was ineffective, recovering 12% of the 1lron

based on the mill feed, at a grade of 39\%.

Pyrite flotation in nltrogen was successful., The nitrogen
activated the pyrite, 1leading to an iron recovery of 53%. The
froth vas, howvever, visibly more brittle using the Wemco cell at
Brunsvick Mining than was the case with the tests using the Leeds
cell at McGill University. As a result the froths wvere shallover
and permitted more zinc to be carried over vith the pyrite. The

zinc grade of the pyrite concentrate vas 6-8%.



Loss of zinc to the pyrite concentrate is reflected in its low
recovery to the zinc concentrate. At first sight the zinc grade
(32%) is also lov, but closer inspection of the results reveals
this s because recovery is high (97% of the zinc in the zinc
flotation feed is recovered to the concentrate). Figure 4.6 shovs
the concentrate grade achieved as a function of zinc recovery,
based on zinc flotation feed. This is compared with the same
relationship from a standard test at McGill, and shows that the

results correspond with those described earlier.

Zinc reporting to the pyrite concentrate wvas readily recovered
through reverse flotation under the conditions prevailing at
Brunswick Mining. A pyrite concentrate, floated 1in nitrogen
following standard copper, 1lead bulk flotation, was cleaned
tr-ough reverse flotation of the zinc in air. A zinc concentrate
containing 32% zinc was floated, recovering more than 70% of the
zinc from the pyrite concentrate as outlined in Table 4.16.

TABLE 4.16: Metallurgical balance froma the reverse

flotation of zinc from the pyrite concentrate.

(Sequence - Standard bulk copper, lead flotation; pyrite

flotation in nitrogen; pyrite tails to zinc rougher,
pyrite concentrate to zinc reverse flotation,)

test 10-403
product pyrite final conc. zinc reverse conc.
grade/recovery grade/xrecovery

(S) (8) (%) (8)
copper 0.12 84.0 0.14 16.0
lead 1.20 179.2 1.93 20.8
zinc 2.14 28.8 32.37 71.2
iron 42.72 92.2 22.05 7.8

® note: recoveries based on reverse flotation feed.
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The nmetallurgical balance for this test is summarised by Figure
( 4.7, vhich in turn is compared with the conventional route In the

next section.

4.1.7 Summary of the metallurgy achieved through pyrite flotation

vith nitrogen and zinc reverse flotation using air.

Figure 4.7 summarises the results achieved in these tests fronm
the use of the proposed process on Brunsvick Mining ore. It shows
that zinc rougher €flntation achieves a grade of 38% at 67%
recovery. This 1Is considerably better than the grade of 25% at
72% recovery, achieved through the conventional route. An overall

comparison of results is illustrated in Table 4.17:

TABLE ¢.17: Iron and zinc metallurgy data from the
proposed treatment route using flotation of the pyrite
concentrate and zinc reverse flotation, compared vith the
conventional route.

proposed route conventional rcute
Pe in Fe Zn

Bulk flotation

grade (%) 29.7 9.5 33.8 7.6

recovery(\s) 24.1 23.2 27.8 21.7
Pyrite flctation

grade(\n) 42,7 2.1 - -

recovery(y) 40.4 6.1 - -
Zinc flotation

grade(%) 15.8 8.4 20.5 25.1

recovery(s) 9.2 67.2 16.7 71.8

Final talils
grade(%) 19.7 0.
recovery(s) 26.3 3.
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4.1.8 Preliminary analysis of the chemistry of nicrogen flotation.

Nitrogen 1is an inert gas and is therefore not likely to play a
chemically active role in the promotion of pyrite. To conflirm
this argon wvas used in the place of nitrogen. Test 10-501
represents one result from this work. It shows that argon also
promoted the flotation of pyrite, 60% of the iron being recovered

using 20 g/tonne of xanthate, at a grade of 38% iron.

Some zinc vas 2gain floated off the pyrite concentrate, producing
& 33V zinc concentrate at 26% zinc recovery. The results are
therefore similar to those achieved at McGill University using
nitrogen, 1indicating that pyrite flotation in argon follows the
same mechanism as in nitrogen. This confirms that nitrogen plays

no direct role in the promotion of pyrite flotation.

The promotion of pyrite flotation is unlikely to be potential
related. Pulp potential should fall vith the use of nitrogen,
wvhich should depress pyrite, according to current electrocheaical
knovledge of flotation. Figures 4.8 and 4.9 shov hov pulp
potential varies with iron recovery during flotation tests using
air and nitrogen during the pyrite flotation stage. Nitrogen
slovly drops the pulp potential vhile at the same time promoting
pyrite flotation. The rate at wvhich the pulp potential drops is
slov, dropping less than 100mV throughout the 25 minutes of
nitrogen conditioning and flotation. 1Its effect is small |in

comparison to the effect of copper sulphate or variations in the

pH.
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4.2 FLOTATION TESTWORK ON MATTABI MINES ORE

Unlike at Brunswick Mining, zinc flotation does not pose any
serious problems at Mattabi. However, copper,lead bulk flotation
and subseguent separation are difficult. This testvork describes
the effect of collectorless flotation on the ore, and assesses
the effect of varying the collector dosage rate. Some vork
examining the effects of sulphite ions and nitrogen on pyrite

flotation is included.
Results showv that:

® collectorless flotation recovers nmore than 80% of the
chalcopyrite and 40% of the galena, wvhile rejecting 90% of

the pyrite and sphalerite.

* Sulphite ions aid pyrite rejection from a bulk concentrate

f£loated with collector.

® Mitrogen promotes pyrite flotation although its effect |is

limited by the presence of sulphite ions.

Tests performed recently in the laboratory (56) have confirmed
some of the observations made above. Some results from these
tests, performed on ore from Mattabi's Lyon Lake deposit are

included in this report.



4.2.1 Developaent of standard 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 lowver copper,
lead bulk concentrate grades were due to flotatiocn of excess

pyrite.

TABLE 4.18:; Comparison of the grade/recovery
characteristics of copper, 1lead, zinc and irxon from the
flotation of the bulk copper, lead concentrate during
Test 11-103 and at Mattabi mines.

Copper/lead bulk rougher

Lab.standard plant data

grade/ recovery grade/ recovery
(%) (8) (S) (8)
cooper 7.80/ 170.4 13.00/ 75.0
lead 6.79/ 55.8 ° 12.00/ 175.0
zinc 11.63/ 7.2 10.00/ 3.4
izxon 26.3¢%/ 5.4 15.55/ 1.8

Zinc flotation results from the laboratory tests wvere more
consistent with plant performance (see Table 4.19). They also
shov that sphalerite can be floated quite effectively from the
pyrite.
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TABLE 4.19: Comparison of metal grades and recoveries,
zinc flotation in test 11-103 and on the plant at Mattabi

Mines.
zinc rougher concentrate
test 11-103 plant data
grade/ recovery grade/ recovery

(8) (s) (s) (s)
copper 0.55/ 17.0 0.40/ 14.5
lead 1.10/ 30.9 0.40/ 15.8
zinec 42.43/ 90.4 43.00/ 92.7
ixon 14.98/ 10.6 15.70/ 11.3

The standard tests reflect the metallurgical problems experienced:
processing Mattabi ore on production scale. Bulk copper,lead
flotation generally yielded poor combined copper,lead grades.

2inc flotation howvever produced good grades and recoveries.

The testwork, therefore, concentrated on the problems associated
with copper and lead flotation, while also assessing the ability

of nitrogen to promote pyrite flotation.

4.2.2 The effect of collector on the characteristics of copper,

lead bulk flotation of Mattabi ore.

In test 11-301 a collectorless concentrate vas floated after
grinding. High recovery of chalcopyrite wvas achieved (85%) while
only 45% of the galena was floated as illustrated by Figure 4.10.

Little flotation of sphalerite and pyrite was obsecrved.

Folloving-up these results, M. Leroux at McGill University (56)
has recently tested collectorless flotation on ore from the Lyon
Lake deposit, now being mined by Mattabi Mines Ltd. Once again

collsctorless flotation recovers more than 80% of the copper
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minerals, vhile recovering 60% of the galena. Pyrite and
sphalerite did not respond to collectorless flotation, and the
resulting copper,lead combined grade wvas superior to that using
collector. The respective copper rougher grade-recovery
relationships for flotation wvith and vwithout collector are

illustrated by Figure 4.11.

The same series of tests revealed that collectorless flotation
using nitrogen also recovered almost 90% of the copper minerals.
The wuse of nitrogen appeared to reduce the flotation recovery of

galena (see Figure 4.12).

At 5 g/tonne xanthate addition, the recovery of galena vas raised
to 767V, that of copper, iron and zinc sulphides remaining
virtually wunchanged (Figure 4.13). At 40 g/tonne xanthate
collection the recoveries of iron and zinc sulphides begin to

rise (Figure 4.14).

4.2.3 Nitrogen flotation of Mattabi ore

In Test 11-204, 20 minutes nitrogen'conditlonlng preceded bulk
flotation in nitrogen. Z2Zinc sulphate vas added to the mill at pH
9.5 as the pyrite/sphalerite depressant. A bulk concentrate
containing 44N iron at 84% Fe recovery vas floated. The bulk
flotation 1iron grade/recovery relationship is 1{llustrated by
Figurz 4.1°5,

Under identical conditions, pyrite flotation in air (Test 11-

203) is much less effective, Table 4.20 compares the two results:
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TABLE 4.20: Comparison of results from standard copper,
lead flotation using nitrogen and air as the gas phase in

flotation.
Copper/lead bulk rougher
using nitrogen using air
grade/ recovery grade/ recovery
(%) (8) (S) (N)
copper 0.63/ 52.9 2.29/ 84.0
lead 0.75/ 61.2 1.84/7 62.8
zinc 2.15/ 11.9 4.77/ 11.9
iron 44.24/ 813.8 40.22/ 33.7

Copper recovery to the bulk concentrate was reduced during
nitrogen flotation as illustrated in Table 4.20. Lead and zinc
recoveries were unaffected and pyrite recovery more than doubled.
This result confirms the observations made during Brunswick
Mining testwork that nitrogen can promote the £flotation of

pyrite.

The use of zinc sulphate as a zinc depressant, maintained as
standard for tests at McGill University, resulted in very poor
copper,lead grades in the bulk concentrate. Combined copper,lead
grades wvere 4-6% desplite recoveries of 55-85% as a result of
relatively strong flotation of pyrite. A typical example of this
is lllustrated by Table 4.20,.

Sodjum sulphite wvas much more effective at reducing pyrite
flotation and led to copper,lead combined grades closer to (but
still 1lover than) those obtained on the plant as i{llustrated by
Test 11-103 (Table 4.18). Combined copper/lead grades rose to 10~
148 at similar (55-85%) recoveries. Figures 4.16 and 4.17
fillustrate more clearly the effect of sodium sulphite on pyrite

depression. In both cases excess xanthate wvas added to
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deliberately float the pyrite and this led to a laxrger
differential betveen recoveries. It is clear that sodium sulphite

can strongly, and selectively depress pyrite.

Tests using sulphite fons in air flotation of Lyon Lake ore also
shoved that pyrite could be selectively depressed, this time at

lover dosage rates.

The effect of sodium sulphite on nitrxogen flotation of pyrite |is
complex. With sodium sulphite added to the wmill, if bulk
flotation is conducted in nitrogen, the recovery of pyrite |is
relatively low. However, 1If flotation is performed in air after
nitrogen conditioning then significantly more pyrite is
recovered. Table 4.2]1 summarises these results:

TABLE 4.21: Effect of nitrogen conditioning and flotation

on the nmetal grade/recovery relationships of bulk

copper, lead, iron flotation - after 1000 g/tonne sodium
sulphite addition to the mill.

conditioning

gasS ... .o nitrogen nitrogen air

flotation

GaS...vv s nitrogen air alx

grade/recovery grade/recovery grade/recovery

(8) (%) (8) - (W) (8) ()

copper 2.23/ 53.8 1.85/ 717.9 5.26/ 88.1

lead 2.23/ %8.5 1.55/ 60.1 4.80/ 76.0

zinc 6.05/ 9.3 3.89/ 11.1 11.60/ 13.4

iron 37.99/7 19.4 41.06/ 39.6 28.77/ 10.9

Maintaining a nitrogenated environment throughout seems, 1in this
case, to depress both pyrite and chalcopyrite flotation. This |is
contrary to earlier results using zinc sulphate. Hovever it does
follov results from similar tests on Brunswick Mining ore, vhere

nitrogen flotation without any air contact vas fuund to Dbe
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erratic. It therefore seems that wunder certaln conditions
nitrogen fails to promote pyrite £lotation. The effect of
sulphite addition and nitrogen on pyrite flotation is lllustrated
by Figure 4.18. This plots lines of equal pyrite recovery at
varying levels of nitrogen conditioning and sulphite addition and

shovs that nitrogen is only effective when the sulphite addition

rate is low.
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4.3 TBSTWORK ON KIDD CREEK ORE

"D* division at Kidd Creek Mines treats a particularly difficult
ore. Both copper and lead concantrates are lov grade and pyrite
reverse flotation 1is included in the zinc circuit to remove a

highly floatable pyrite constituent,

With pyrite flotation already incorporated into the circuit, the
potential use of nitrogen to promote pyrite flotation s of
particular interest. Impure nitrogen is available locally so the

effect of impure nitrogen vas tested on the Kidd Creek ore.

All tests include a standard bulk copper,lead flotation stage
followed by flotation of pyrite under different conditions, and
finally the flotation of sphalerite in air. As with the Brunsvick
Mining tests, the presence of the bulk flotation stage prior to
pyrite flotation helped to check the reproducibility of
conditions such as ore, wvater and reagent quality, grind and

flotation cell performance.

The test results Iincluded 1in this section shov that gases

with up to 5% oxygen still promote pyrite flotation.
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4.3.1. Check on the reproducibility of conditions and comparison

vith plant results.

Figure 4.19 illustrates the copper and lead grade/recovery bands,
during bulk flotation in the four tests reported. They shov that
the results from the four tests agree reasonably well, implying
that flotation conditions remained the same throughout the

testwork.

A significant loss of sphalerite to the bulk flotation
concentrate was observed. The recovery of sphalerite to the bulk
concentrate varied from 18% to 36% leading to 2zinc 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

vhen it reached 19%. The iron grade was 24-25%.

In each case, the zinc flotation feed varied in composition so
it is impossible to directly compare zinc flotation performance.
In general, recoveries are low due to the mis-direction of zinc

to bulk and pyrite flotation concentrates.

4.3.2., Bffect of nitrogen content on the selective flotation of a

pyrite concentrate.

Table 4.22 1illustrates the effect of varying the nitrogen, or
oxygen content of the flotation gas on pyrite recovery and the

dissolved oxygen content in the pulp liquor.
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TABLE 4.22: Testwork on Kidd Creek Mines, "D" division
ore, shoving effect of nitrogen content on pyrite
flotation and dissolved oxygen content in the pulp.

test number nitrogen pyrite dissolved
content recovery oxygen
in gas (%) in pulp
(8) (ppm)
12-101 80 7.50 7.8
12-104 90 6.80 5.7
12-103 95 22.14 2.5
12-102 100 35.917 <0.5

The use of gases vith 5% oxygen or less promotes the flotation of
pyrite. This further confirms the observations made from testwork
on the two other ores. Table 5 also shows the effect of varying
the oxygen input on the dissolved oxygen content of the pulp. 1In
each test, the dissolved oxygen level adjusted to reach an
equilibrium dependent on the oxygen content of the gas bubbled

into the cell, wvhich is further illustrated in 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 |is

largely unaffected.

TABLE 4.23: The effect of nitrogen content 1in the
flotation gas, on the grade and recovery of sphalerite to
the pyrite concentrate.

test nuamber nitrogen sphalerite sphalerite
content grade recovezry
in gas (V) (%)
(%)
12-101 8o 12.53 10.38
12-104 90 16.96 14.01
12-103 95 10.70 21.52
12-102 100 4.73 15.24
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The degree of scatter in zinc recoveries to the bulk and pyrite
concentrates makes it difficult to compare zinc flotation
grade/recovery relationships based on plant feed. As in previous
cases, zinc selectivity 1is best skown by comparing grades
achieved with recoveries based on zinc flotation feed. Figure
4.21 plots the zinc concentrate grades achieved as a function of
recovery based on izinc flotation feed. Two tests are highlighted,
one incorporating prior pyrite removal .. rough nitrogen
flotation and one incorporating prxior pyrite removal through air
flotation. It shows that removal of pyrite through the use of
nitrogen results in an increase in zinc flotation selectivity.
The same also applies to impure nitrogen vith up to 5% oxygen
vhich is probably 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, 1led to a zinc concentrate grade of 47% at 83% recovery

{based on zinc flotation feed).

4.3.3: The effect of nitrogen conditioning on the dissolved

oxygen content of the pulp.

Figure 4,22 shows that nitrogen rapidly purges dissolved oxygen
from the pulp. The dissolved oxygen content is reduced to 0.5 ppm

in less than one minute.

Not all the oxygen is removed by the nitrogen. Figure 4.22
compares the rate at which dissolved oxygen iIs purged from (1)
vater and (2) a pulp containing Kidd Creek ore. Oxygen is removed
faster from the pulp than from the water. Conversely, vhen the
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FIGJRE 4.21 - Effect of prior removal of pyrite using nitrogen

and air, on the selectivity of zinc rougher
flotation of Kidd Creek ore., Graphs show the
concentrate grades achieved at respective
recoveries based on zinc flotation feed.
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FIGURE 4.22 -~ Effect of nitrogen conditioning on dissolved
oxygen content of water and pulp containing

Kidd Creek Mines ore (laboratory mill

diécharge) .
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oxygen is re-dissolved through aeration, the dissolved oxygen

level rises faster in the vater than in the pulp (Flgure 4.23),

Both figures suggest that pyrite is constantly draving oxygen out
of solution, accelerating the drop in oxygen content from the
pulp during nitrogen conditioning, and retarding the dissolution
of oxygen into the pulp water during aeration. Calculations
outlined by Appendix 5 suggest that the oxygen demand of the
freshly ground ore is roughly 15 ppm dissolved oxygen/minute.

This 1s consistent with other work on similar ores (94).
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FIGURE 4.23 - Effect of aeration cn dissolved oxygen content of
water and pulp containing Kidd Creek Mines ore

(laccratory mill discharge).
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5.DISCUSSION

5.1 COLLECTORLESS FLOTATION

The results described on three Ci~adian shield ores of apparently

similar mineralogy shov a vide variation 1in collectorless

flotation response:

%

Copper minerals from the Lyon Lake deposit (probably largely
chalcopyrite) are highly responsive to collectorless
flotation. Both copper concentrate grades and recoveries are
superior to those vhen collector is used. Good recoveries and
grades vere found under both oxidising and reducing

conditions.

Chalcopyrite from <che Mattabl deposit also floated without

collector. The recovery was over 80%.

Little collectorless flotation of chalcopyrite from the
Brunsvick Mining ore was observed, although sufficlent
aeration did improve copper recovery from 15% to 40%. This
suggests that chalcopyrite may respond to collectorless

flotation under sufficiently oxidising conditions.

Other minerals generally shoved poor response to
collectorless flotation. Galena can float without collector,
but its flotation 1is slov particularly under reducing
conditions (reflecting perhaps that the surface oxidation

necessary only occurs slovly.).
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This wvork confirms Finkelsteln's observations (22) that the
collectorless floatabilities of mineral sulphides vary from ore
to ore. Several nmechanisms have been proposed to explain
collectorless flotation (25,36-7,55,58-9,99,102,107-8). These

were described in Section 2.1.1 and are summarised by Figure 5.1,

There are enough wmechanisms available to explain the
collectorless flotation of minerals, consequently it vas
considered that a better object of this wvork would be to propouse
an application for rollectorless flotation rather than to explain

it.

Section 2.2 describes the main metallurgical problem facing
metallurgists at Mattabl Mines namely copper/lead separation. In
all tests so far performed on Mattabi and Lyon Lake ores, strong
collectorless flotation of chalcopyrite has been accompanied by
slover but significant flotation of galena. A process using

collectorless flotation is proposed by Figure 5.2.

While collectorless flotation of chalcopyrite may follow several
mechanisms (55,99,107-8), that of galena is likely to be the
result of formation of elemental sulphur or some other oxidation
product on the mineral surface.(99,102) Figure 4.12 compares the
effect of floating galena without collector in reducing
conditions (using nitrogen) and oxidising conditions (using air).
It confirms that oxidising conditions aid the flotation of galena

and so supports the assumption that it must be oxidised to float.
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FIGURE 5.1 - Summary of mechanisms behind collectorless

flotation as described in Section 2.1.




FIGURE 5.2:Proposed process leading to the production of
selective copper and lead concentrates 1including use of

collectorless flotation.

grinding circuit

pre-aeration

collectorless flotation

collectorless Cu,Pb collectorless
concentrate talils
Cu,Pb separation Pb flotation
using sulphur diQ:i::\‘ with collector
copper lead Cu,Pb
concentrate concentrate flotation tails

N

Table 5.1 further shows that oxygen is important, by relating the
degree of oxidation of the galena to (1), (its collectorless

floatability and (2), its susceptibility to sulphite depression:

TABLE 5.1: Effect of degree of oxidation on collectorless
flotation and response to sulphite depression.

degree of oxidation

high low

collectorless floatability good poor
response to sulphite

depression good poor

Thus collectorless flotation is a means by wvhich chalcopyrite and
: ‘: oxidised galena can be separated from clean galena. Table 5.1

also describes that the galena most difficult to depress by
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sulphite depression 1is clean galena (91) a fact supported by

several aspects of the metallurgy at Mattabl Mines.

* The collectorless flotation of galena is slov, suggesting
that galena in the Mattabl ores oxidises only slowvly. So
much of the galena in the copper/lead separation stage is
clean, explaining the poor separability of copper and lead

using sulphur dioxide.

bd Oxidation of galena would be accelerated by raising the
pulp temperature which may help to explain the positive

effect of steam.

* Copper/lead separation suffers if the pulp is left to age.
Oxygen demand from the pyrite will tend to make conditions
more reducing as the pulp ages. This may clean the galena
of its oxidation products and reduce copper/lead
separability. This wvas observed during on-site column

flotation studies in 1986 (21).

Galena floating with the chalcopyrite in the collectorless
concent:ate is oxidised and will be effectively depressed using
sulphur dioxide. The clean galena 1left unfloated during
collectorless flotation will float well using starvation
quantities 2f collector. Aided by the extra aeration provided by
the collectarless float, pyrite will remain depressed with the
sphalerite ard a high-grade galena concentrate should result,

vhich can be combined with the copper/lead separation tails.
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The viability of the process hinges on the consistency of the
( collectorless flotation of chalcopyrite. It is hoped that regular
rollectorless flotation tests wvwill be performed on cyclone
overflow by personnel at Mattabi Mines to check on the

reliability of the mechanisnm.

As galena flotation to the collectorless concentrate is
apparently dependent on oxidising conditions, addition of a
reducing agent (such as sodlium sulphide) wmay improve copper

collectorless flotation selectivity. Extensive testwork by Yoon

and co-vorkers has shown that sodium sulphide can also promote

the collectorlesc flotation of chalcopyrite (58-9,107-8,99).

5.2 Pyrite flotation using nitrogen

5.2.1 Theoretical aspects.

The 1initial object of the testwork using nitrogen vas to assess
vhether the use of nitrogen would prevent flotation of pyrite by
reducing the pulp potential and the dissolved oxygen content

thereby blocking the pyrite-collector interaction.

Comparison of Figures 4.8 (for pyrite flotation in air) and 4.9
(for pyrite flotation in nitrogen) in Section 4.1.8 showvs that:
a) Nitrogen does slowly reduce the pulp potential
b) Nitrogen very quickly reduces the dissolved oxygen
content, but

c) Nitrogen strongly promotes the flotation of pyrite.

‘: When considering only the collector-mineral interaction,
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observations (a) and (b) seem to contradict (c). According to the
electrochemical theory of maineral-collector Iinteraction, more
reducing conditions should tend to send equilibria 5b and hence
send 5a to the left (24,60-1) This infers that the alneral-

collector reaction vould be retarded.
“s + x- L] HS(X) + ¢~ ..-..(5‘)

“20 + 1/2-02 + 2.0- = 2.(0"‘)00»0.00.‘(5b)

Without analysing the mineral sucface it is not possible to

confira this.

8o another amechanism Iis altering the hydrophobicity of the
mineral surface. With only a fraction of the surface covered by a
collector, the hydrophoblcity of a mineral surface is likely ¢to
be a balance betveen the amount of collector adsorbed and the
hydrophobicity of the mineral surface without adsorbed collector.
This balance is particularly applicable to pyrite. Gaudin (28)
suggested that a pyrite surface is constantly changing, through
formation of hydrophilic oxides of sulphur and possibly 1iron.
Fuerstenau attributed the depression of pyrite vith permanganate
to the adsorption of hydroxyl lons onto the pyrite surface
through reaction vith ferric ions in the mineral. (23). Hoyack
and Raghavan(43) proposed a similar mechanism for the depression

of pyrite using sulphite lons.

The possible role of galvanic interactions altering the mineral
sur face has been proposed by a number of investiyators

(40,44,49,79). Galvanic {interactions have been used to explain
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effects of grinding medila (1,14,44,51,79,97) on flotation
performance. Similar galvanic effects are likely to occur betwveen
pyrite, the most noble mineral, and other base metal sulphides
(49,60,75-9). A model of such a mechanism is 1illustrated by
Figure 2.3. Pyrite, being more noble, will tend to drav electrons
from sphalerite. This will oxidise sphalerite and promote
formation of iron hydroxides on the pyrite surface through
reduction of dissolved oxygen. Majima (60) notes that such a
galvanic interaction has been found to increase the rate of
oxidation of a sulphide mineral through association vith pyrite
by eight to twventy times. This leads to the formation of

hydrophobic, elemental sulphur on the mineral surface.

Such oxidation will aid sphalerite flotation and hydrophilic iron
hydroxides on the pyrite surface will depress pyrite. So the
effect would be to improve selective flotation of sphalerite from

pyrite.

By stopping the supply of oxygen, nitrogen flotation blocks the
mechanism. Iron hydroxides will no longer form on the pyrite
surface. The increased hydrophobicity of the pyrite will then

allov flotation of pyrite with only minimal dosages of collector.
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$.2.2 Operational Aspects.

The results section showed that a relatively high grade pyrite
concentrate could be floated from the bulk flotation tails. It
also shoved that entrained zinc could be selectively recovered
from the pyrlte concentrate by reverse flotation with collector
folloving copper activation, 1in alir and at pH 10-11 (although
other pH levels were not tested). An overall metallurgical

balance for the proposed process is illustrated by Figure 4.7,

It shows that the proposed process produced a zinc rougher
concentrate grade 50% higher than that produced by the
conventional route, at a similar recovery. While this is unlikely
to improve the overall grade/recovery relationship of a circuit

it may make the cleaner circuit simpler and easler to operate.

Inspection of Figure 5.3 reveals that the proposed process
largely avoids the contact of pyrite wvith copper sulphate. #While
the potential for copper sulphate activation of pyrite is not
vell recognised in North America, Yamomoto (106) notes this use
and copper sulphate 1is used to activate pyrite in flotation
circuits in South Africa (67). Pyrite would also be less exposed

to ccllector. This would suggest several advantages:

* Easler overall pyrite rejection (indicated by the improved

zinc roughezr grades).
* Less reliance on pH for pyrite rejection (with the

resultant saving in lime costs).
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* Reduced consumption of copper sulphate and xanthate by
eliminating their vasteful adsorption onto the pyrite

surface,

The nature of the zinc reverse flotation concentrate suggests
that it may (isolate locked particles. This wvould make (t a

particularly good stream to regrind.

The wmain problem associated with the wuse of the proposed
flovsheet 1s the supply of nitrogen. Based on laboratory tests,
400 tonnes of fresh nitrogen gas will be needed per day for a
plant the size of Brunswick Mining (treating 10,250 tonnes per
day). For both economic and environmental reasons, some form of
recirculation system will be needed (i.e. closed cells). In this
case air could be used as the carrier gas, oxygen being quickly
consumed by the pyrite. Some nitrogen supply may be necessary to
ensure a positive pressure in the flotation cell, stopping air
from 1leaking into the system, but this is unlikely to be more
than 20 tonnes per day. Conditioning could be performed in a
closed tank. Conditioning gas may not be necessary. If it is then
the gas can be recirculated in an enclosed system. The supply of
extra nitrogen could be manipulated automatically by dissolved
oxygen levels at the end of pyrite flotation. Tests so far

suggest that the dissolved oxygen level should be belov 2 ppm.

Another aspect of the effect of nitrogen, or oxygen deficient
gases on tae flotation of pyrite concerns the use of flotation

cnlumns. Calculations outlined in Appendix 5 suggest that the
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amount of air injected into a column is not enough to satisfy the
demand for oxygen from a pyritic ore. Therefore, as air rises
through the cell it becomes deficient in oxygen and will tend to
increase the floatabllity of pyrite. So, while this needs to be
checked it suggests that the geometry of the cell could affect
the chemical environment of the pulp, the flotatlion chemistry and
the grade/recovery relationship of a flotation process. This may
lim!t the use of columnes in processing streams which have a high

oxygen demand.

5.2.3 Bconoalcs of the process (Balance based on Brunsvick

Mining)

As mentioned in the previous section, use of fresh nitrogen
cannot be economically justified. The capital 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, enclosing the flotation cells and circulating the
gas. At Brunswick Mining the cells (Outokumpu) are virtually
enclosed already and it is assumed the gas recirculation system

can be home-bujlt at negligible cost.

The cost of a nitrogen plant to produce 20 tornes of nltrogen a
day 1is approximately $750,000. Its running costs are $800 per
day. Based on straight-line depreciation and not including tax
considerations, the capital cost over a 15 year period |is
equivalent to 1.3 cents per tonne of ore. Running costs are

equivalent to 7.6 cents per tonne of ore. The total cost of the
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nitrogen is therefore 8.9 cents per tonne.

Figure 5.4 compares approximate reagent costs in a zinc circuit
with the cost of nitrogen., It shows that the cost of 20
tonnes/day nitrogen can be justified by a 12% saving in lime ox
19% saving in copper su.phate consumption. The cost of nitrogen
is unlikely to be justified by savings in collector (requiring a
57% saving).

Operating costs (pover, maintenance etc.) of the zinc flotation
circuit are normally about 60 cents per tonne of ore (2,42).
The use of nitrogen can then be justified by a 15% reduction in

overall zinc flotation capacity.

At this stage, it 1is not possible to predict that nitrogen
flotation 1is economical. The cost comparisons listed above do,
hovever, shov that the procu:ss is relatively cheap in comparison
to other flotation costs. This suggests that any improvement |in
zinc/pyrite separation efficlency vhich results in the use of
lover pH and less reagents will probably justify the extra costs
of the process. The process could be particularly attractive to
nore isolated operations where transportation of lime and copper

sulphate becomes very costly (88).
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6. CONCLUSIONS

6.1 COLLECTORLESS FLOTATION

* The collectorless floatability of chalcopyrite varied from
ore to ore, though all ores tested shoved some response to
collectorless flotation. The collectorless recoveries of
chalcopyrite in ores from Mattabi are similar to those

using collector.

* Some collectorless flotation of galena vas observed from
ores from Mattabi Mines, particularly under oxidising

conditions.

® A process is proposed vhereby chalcopyrite and oxidised
galena are floated vithout collector. These are
subsequently separated by sulphur dioxide depression of
galena. The remaining untarnished galena is floated wvith

collector.

® Pyrite and sphalerite showed no response to collectorless

flotation in all ores tested.
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6.2 NITROGEN FLOTATION.

® The use of nitrogen strongly promotes the flotation of
pyrite. Pyrite flotation is selective from zinc-bearing

minerals but not from copper- and lead-bearing minerals.

* Nitrogen conditioning and €flotation reduces the pulp
potential. The level of dissolved oxygen in solution drops

to belov 0.5 ppm. vwithin l minute, through the use of

nitrogen.
* Pyrite flotation is probably linked to the removal of
dissolved oxygen. This blocks a galvanic {interaction

betveen pyrite and sphalerite, vhich othervise serves to

depress the pyrite througi. OH- formation.

* Nitrogen flotation can be used to float pyrite after bulk
copper,lead flotation and before zinc flotation. This
improves the rougher concentrate grade achieved by

subsequent zinc £lotation.

* Aerating the pyrite concentrate pulp depresses the pyrite

Copper activation and reverse zinc flotation with collector

in alir selectively recovers zinc minerals from the pyrite

concentrate.

. % The proposed process incorporating nitrogen flotation and

{ reverse flotation of 2zinc-bearing minerals reduces the

exposure of pyrite to collectors and copper sulphate. This

; ( may explain the improved zinc rougher grades achieved. The
137
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process may also isolate locked zinc-pyrite particles in
the reverse concentrate, in which case ieqrindlnq could

liberate extra zinc minerals.

The process 1|s probably viable economically at 20 tonnes

nitrogen per day if savings in lime of 17V are realised.
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7. RECOMMENDED PURTHER WORK

7.1 COLLECTORLESS FLOTATION

7.1.1 To assess the potential of the proposed process:

Regular on-site collectorless flotation tests should be
per formed to check the reliability of collectorless

flotation.

Copper, lead separation of the collectorless flotation
concentrate should be investigated. Galena should be

depressed using sulphur dioxide.

7.1.2 To improve on the process:

7.2

As collectorless flotation of gaiena seems to be based on
surface oxidation, collectorless flotation with a reducing
agent (e.g. sodium sulphite) may result in a selective

copper concentrate,

Alternatively, flotation recovery of galena could be
maximised. While galena floats slowly without collector, it
may be selectively recovered from pyrite and sphalerite it

alloved to float to the limit of recovery.

NITROGEN PLOTATION

7.2.1 To increase understanding of nitrogen flotation.

Nitrogen testvork should be performed on Mattagami ore,

vhich contains mainly pyrrhotite. Pyrrhotite is less noble
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than pyrite but has a higher oxygen demand.

A flotation column should be

used to check in whether the

mis-direction of zinc is the result of entrainment.

2.2 To assess commerclial potential of nitrogen flotation.

One of the potential rewvards

flotation is a saving in lime

of removing pyrite before zinc

costs. To check this,flotation

of a zinc concentrate after pyrite flotation under less
alkaline conditions should be tested.

Continuous tests should be performed to optimise pyrite
flotation.

The process is only likely to be viable if oxygen deficient
gas is produced by enclosing the cells and recirculating the
gas.

The production of sufficient 'fresh' nitrogen is likely

to be too expensive. Tests should be run using an enclosed

cell to establish vhether pyrite can be promoted in this
vay.
Mineralogical analysis of the reverse =zinc concentrate

should be undertaken to identify the concentration of locked

particles in the sample.

Nitrogen should be tested on the pyrite reverse flotation

stage vhich 1is currently in some zinc circuits.(e.g Kidd

Creek iiines).

Most wvays of producing nitrogen also produce oxygen. As a
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logical extension of nitrogen flotation to float pyrite and
aeration to depress pyrite, oxygen-enriched aeration could
improve pyrite rejection in the copper,lead bulk float. The
use of oxygen enriched gases during pre-aeration and bulk

flotation should be tested.

7.2.3 Other related testvork.

Tests should be run vhich check the dissolved oxygen content
and perhaps pulp potential of the pulp at different levels

in a flotation column, treating an ore with a high oxygen

demand.
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Brunswick Mining
grind time
(minutes)
20
30
40

Mattabi Mines
grind time
(minutes)
30
20
10

Kidd Creek Mines
grind time
(minutes)
20
30
40

9: APPENDIX 1

GRINDING TEST DATA

vet sieve analysis

percent passing

T4pum 37un

83 44

95 67
100 92

vet sieve analysis

percent passing

300pm 150um T4pm
100 100 95
100 99 17
98 86 48

vet sieve analysis

percent passing

T4pm 45pn
73 20
76 64
79 71
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10. APPENDIX 2 - BRUNSWICK MINING ORE TESTWORK

COLLECTORLESS FLOTATION

10-101

10-102

10-103

10-104

Collectorless flotation in air, followved by bulk copper,

lead flotation and zinc flotation.

Collectorless flotation in nitrogen, followvea by bulk

copper, lead flotation and zinc flotation in nitrogen.

Collectorless flotation then zinc flotation in nitrogen.

Collectorless flotation then zinc flotation in alr.

NITROGEN FLOTATION

10-201

10-202

10-203

10-204

10-205

10-206

Bulk copper, lead flotation in air, pyrite flotation in

air and nitrogen, and zinc flotation in air.

Bulk flotation in air, pyrite flotation in alr and =zinc

flotation in air.

Bulk copper, lead flotation in alr, pyrite flotation {n

air then nitrogen and zinc flotation in air.

Bulk copper, 1lead flotation in air, pyrite flotation in

nitrogen and zinc flotation in air.

Bulk copper, lead, pyrite flotation in nitrogen with
stage addition of collector, then zinc ¢€flotation |in

nitrogen.

Bulk copper, 1lead, pyrite flotation in nitrogen, single

addition of collector, zinc flotation in nitrogen.
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10-207

10-208

10-209

10-210

10-211

10-212

10-213

10-214

10-215

Copper activation then zinc flotation in nitrogen only.

Bulk copper, 1lead, pyrite flotation in nitrogen, zinc

flotation in nitrogen.

Nitrogen conditioning, then copper, lead, pyrite

flotation in alr and zinc flotation in air.

Nitrogen conditioning, then copper, lead, pyrite

flotation in air, folowved by zinc flotation in air.

Bulk copper,lead, pyrite flotation in nitrogen then zinc

flotation in air.

Bulk copper, lead flotation in air, then pyrite flotation
in nitrogen with zinc reverse cleaning, €£finally =zinc

flotation in air.

Bulk copper, lead flotation in air, then pyrite flotation
in nitrogen with zinc reverse flotation, finally zinc

flotation of pyrite tails in air. (repeat of test 10-212)

Bulk copper, 1lead flotation in air, pyrite flotation in

nitrogen, zinc flotation in air.

Bulk copper, 1lead flotation in air, pyrite flotation and

zinc flotation in alir.
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STANDARD PLOTATION

10-301 Standard copper, lead flotation and zinc flotation 1in

air.

FLOTATION TESTS ON-SITE AT BRUNSWICK MINING.

10-401 Bulk copper, 1lead 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, 1lead flotation in air, pyrite flotation in
nitrogen with zinc reverse cleaning and zinc flotation of

pyrite tails in air.

10-404 Bulk copper, lead flotation in air, pyrite flotation in
nitrogen and zinc flotation in air. {McGill std

procedure) .

ARGON FLOTATION

10-501 Bulk copper, 1lead flotation in air, pyrite flotation in

argon and zinc flotation in air.
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colle. torless congher - 2 ainutes F Ly 0.882 11.061 505 0,000 2.8 %M .2 009 1L 10950 045 0.0 N 1021 W% 0233 091 1.
Py tte rongher 2 mnutes A 152.01 15.3°1 28.04% 0.7  0.172 37.811  74.401 10.80 1,662 53.161  7%.H5Y .21 1.417 17.011 27.78t N.8 L0 1.2t M.
pytoie somgtier 7 minutes B 5.0 2.511 M.951 0.48  0.012 L5t 78351 690 0.173 5.541 78.481 f1.%0 0.29Y .38 30.M2 2040 00 Loy W
reiir congher - 2 arautes 15.60 1.950 30.e81 [ S N0 1.7 2 W 009 1051 B.53T 1270 0.1 331 3LIft AN A LM o
pyrite romgher 2 sinutes § 6.03 0.592 3t.on .31 0.002 0571 0.3 3.Jo 0.020 i1 0LISY 13.20 0078 NI LI A% 0.1 LinT 3.6t
216c rangher -~ tise 30 serands e 5.081 26.181 0.10  0.009 2.851 03241 1.22  0.082 1.9 0. 32.00 1.901 22.57C 56,70 1.4 040 m wan
Tene congher - tise | sanute 32.93 3.230 39.382 0.17  0.005 1717 §e.941 1.20 0.03% 1.2 86,381 349 1,126 13521 70.2t 1.0 0.5%% 2m 28l
0 comgher - Lise 27 ainutes 0.% 3.951 43,741 0.17  0.007 2091 e@r.08r 1.29 0.08 1621 86,001  31.50  1.286 10951 0S.101 10.40  0.7% 3001 45191
T <avenges - tise 30 seconds 15.92 1511 46451 0.18  0.00% 1,970 89001 B34 0050 731 SR.731 2080 0730 MM WMLMI 2130 098 AR/t B LR )
2ine seavenger - Lime | srante 0.8 2.121 48971 0.1 9.003 1.081  90.061 1.62 0.034 1.101 80.831  0.42 0.179 2,150 95.001 30.00 0.04 .47 S2.0M
2100 -1 avenger - tise 2 minstes 1.3 1121 50.091 0.18  0.002 0.031 90.491 1.78  0.020 0.441 B9.451 .51 0.082  0.791 %.051 3.9  0.34Y 1501 LS4
finat tarls $09.20  49.911 100.001 0.06 0030 9.311 100.001 O.60  9.329 10,341 100.001  0.53  0.28¢ .70 100001 22,00 11.370 4. 41 100.001
recomstyluted feed 1020.33 0.321  109.001 3.126  100.001 8.332 100,001 20,499 100,001
TES) SHmARY: asgle eass pull copper retavery fnt recovery , recovery irem recevery

weight  sasple total assay T stage  total dssay 1 stage  total assdy 1 stage  total dssay 1 slge  total
it Hotation 1281 (.68 11,081 1.07 36791 %.791 .65 nm M .74 0.7 10271 A0 124n 1.4t
pyrite final toncentrate 200,24 20,021 31.071 0.70  43.A01  90.391 .55 4171 M08 .93 2541 AN .4 2. et
2int 1ougher flotation 199.08  19.021 $0.091 0.17  10.291  90.491 Ly 8311 BO.4sY 27.46  42.701 9801 0.7 L0 53,501
fina1 H1ztation tarls 509.20  49.911 100.001 0.06  9.311 100.001 0.8 10.341 100.001 .53 317 100.000 .00 %41 te.00

10-102 Collectorless flotation in nitrogen, followed by bulk
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FLOTATION CONDITIONS

pH activator Pre-conditioning cullector flotatir~
sasple reference added type  addition 0as
o/t gas tine g/t
collectorless rougher - Z sinutes A 8.3 - ar Har - - ar
collsctorless rougher - 2 sinutes B 8.5 - - - - - ar
collectorless rougher ~ 2 sinutes [ ] - - - - - ar
collectorless rougher - 2 sinutes 0 8.3 - - - - - ar
collectorless rougher - 2 minutes € 8.3 - - - - - ar
collectorless rougher - 2 mnutes F 8.5 - - - - - air
pyr:te roucher - 2 sinutes A ] - - - SIPX 30 ar
pyrite rougher - 2 sinutes B 8.5 - - - - - ar
pyrite rougher - 2 sinutes C 6.5 - - - - - ar
pyrite rougher - 2 mnutes 9 8.5 - - - - - ar
21nc rougher - 10 seconds 10.0 1200 none Smn  SIOX 50 air
zinc rougher - ! minute 10.0 - - - - - air
zinc rougher - 2 minutes 10.0 - - - - - ar
z1nc scavenger - 30 seconds 10.0 - - - SIPX 30 awr
Zinc scavenger - | sinute 10.0 - - - - - alr
210t scavenger 11 - ~ 10,0 - - - - - air

GRINDING CONDITIONS:
30 minutes. si1ld stee! charge

1200 g/t zinc sulphate

10-102 Collectorless flotation in nitrogen, followed by bulk

copper ,1ead flotation and zinc flotation in nitrogen




vol

saople releronce

tollr: tor Jess rovgher - 2 minutes
tollertiv lpss scavenger - 2 sinutes

2ene oougher - tise 3¢ seconds
zing rongher - time | einute

21nc rimgher - tioe 2 simtes A
Dac rimgher - tioe 2 minutes §

zine siasenger - tioe T <rcomds
2in scavenger - tise 1 sinute
Tine rcavenger - tiee 2 sinutes A
tinc <tavenger - tise 2 sinutes B
final tagls

seion-tituted foed

TESI SImmARY:

colle torless flotation

Ttnc rougher flotation

2ne scavenger ftotation tiee 0-1.5 ma
1nc scavenaer (lotation Lise 1, Smint
final flot.ziom tarts

SOLIDS MASS BALANCE

sasple
wight

%3
A

3518
30.9¢
.70

%%
LR Y
6.8
1.04
523.°0

975.88

sample
wel ght

.17
127.00
155,51

15.09
535.90

aass pull

saple

3.8
2.401

LN L
.
un
L.

to.182
.50
4,852
0.932
.91

totat

.m
.41

1.1
15.931
20.108
0.3

31700
37.30
0131
s
100,001

0ass il

sample

e.en
13. 102
15.0mn
L
;|

total

e
.31
nm
n.on

100.001

COPPER MASS DALAME

copper
Mnsly  wails
0.5¢ 0.0Y
71 o.01°
.20 0.0t
1.12 0.0
0% 008
0.9 6.3
350 0.051
[ N T 9.023
[ Nre T X1},
€13 0.0
0.10  9.053
0.333
copper
syl
.57
1.05
(KM
0.2
[ 8 1]

copper
recovery

stage

v.30t
.39

1.9
13,031
niv

Lm

15.i0
s.001
s
.M
18.31

100.001

total

1.0
nwm

7.m
40 821
s2.on
=N 1

71.001
7
6’7"
L A1)
100,001

recoery

stage

14. %02
0.7
.0

s.h01
1.3

total

14.%01
5.t
n.et
”an
100,001

LEAR RASS DALANCE

lead lead

assdy Aty recovery
stage  total
[ R 1.1 .
.00 M 20 16,000
1.2 . 0401 JLm
.20 0350 1501 s im
L 6.7 H)e1 B
.00 0.08 L s.m
600 415 1701 70.4M
1. ean 5.521 's.eet
.00 0AY] .M W.Iin
.12 000 0.431 81001
1.0 0.3%) 19,001 100.001

3,125 190.001

ledd recovery
eyl stage total
S.93  16.001 14.001
LY M osem
LY Aur nBm
2.0 S.001 BL.002
1.0 19,001 100.001

1INC MASS DALANCE
LT TS
asly wits recovery
stage tetal
X X, . M
1Y L .oix
37.9% 1,349 wm 7an
3.9 1206 1h.761 G003
.30 1103 1.3 M
.1 L CUL st
17,5  1.782 2.1 ee M
9.40 0307 A1 9L
.40 AWM .M wm
.61 004 03t M
0.5 0308 4271 100001
7.197  100.001
HI recovery
assay 1 stage  total
7.3 m Lam
N7 50 N
131 W% %11
2.8 .01 .M
0.5% 4211 105001

1RGN NaSS DAL ANCE
iren iren
0y ety recovery
stage  tetal
w»n .81 1M
.70 s 3.0 nan
HE . X[ [N TN
15.39 oW 4N u.m
0 o1 271 WMt
Y AR Mmoo LmMm
0.9 2% 10501 N
e . L. Bm
7w 2 wu Wi
"ne o4 .m am
0.0 10720 02.3M 100
20.03 100007
e recovery
syl stage  tetdd
33.73 10431 0.t
13.93 .41 1M
5.0 0.9 NN
0ne e am
2.0 32.31% 100,001

10-103 Collectorless flotation

then zinc flotation in nitrogen.
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FLOTATTI ON CONDITIONS

pH activator Fre-conditioning collector tlotation
saaple reference added type  addition Gas
g/t gas tise g/t

collectorless rougher - 2 minutes 8.0 - air 10mn - - ar
collectorless scavenger - 2 minutes 8.0 - - - - - ar
zinc rougher - 30 second 10.0 1200 nitreges 20 ein  SIPX 50 nitrogen
21nc rougher - | mnute 10.0 - - - - - nitrogen
21nc rougher - 2 s:nutes A 10.0 -~ - - - - nitrogen
21nc rougher - 2 ainutes B 10.0 - - - - - n:trogen
21nc scavenger - 30 seconds 10.0 - - - SIPX 30 nitrogen
21nc scavenger - | sinute 10.¢ - - - - - nitrogen
z1nC scavenger - 2 minutes A 10.0 - - - - - nitrogen
21nc scavenger - 2 sinutes R 10.0 - - - - - n1trogen

GRINDING CONDITIONS:

30 minutes. stainless stee! charge

1200 g/t 21nc sulphate
10-103 -

Collectorless flotation then zinc flotation in nitrogen.




991

test avaber
yzi)

saaple reference

collectorless revwgher - 2 ainules
collectorless scavenger - 2 minutes

N rougher -~ tise 3¢ seconds
2inc rovgher ~ tise | aaute

Ine ronghor - tise 2 meutes A
21mc rousher - tise 2 sinutes B

Tnc scavenger - tise 30 seconds
1RC scavengtr - tise | minute

I scavenger - tiee 2 sinutes A
718 scavenger - tise 2 manstes 8

final tarls
reconstituted {eed

TEST StmwmARY:

collectorless flotatios

11aC reugher flotation

2inc scaverger Flotation tise 0-1.3 ain
nnc scavenger flotation tiee §.3mn¢
final flotation tails

SGLIDS MASS BALANCE

sasole eass putl
weight  sasple total

8.2 6.781  4.78Y
2i.48 2.4t i

ey .l n.set
67.36 6,497 23.351
8.1 801 29 11
21,18 2.100 3.231

41.53 .3 3.
2.03 L6 w4
19.14 1.901 f0.141
11.68 1,161 #1.30¢

390.60  58.701 100.001
1004. 44

sasple aass pull
welght sasple tetal

.14 .11 a1
21,76 22,031 .91
70.38 691 .20
30.78 3.0 A.Im
370.80  50.701 100.00T

COPPER BASS DALANCE

copper
assay  wnits

e.61 0.041
0.81 0.020
0.92  0.008
0.8 0.058
en 0.043
0.5  9.012
.50 002}
0.39 o010
.30 0004
0.25  0.003
.00 0087
0.332

copper

assay 1
0.6
(X 7]
(X}

o
0.2

copper
recevery

stage

12.411
.91

nm
17.351
12.93t

mm

1.042
3.1
Lm
.

14,161
100.001

total

12.471
18,612

39.052
56401
$9.331
3.0

%.121
93.25t
N.m
na

recevery

stage

.1
4481
10.191

m
1

total

.4
13.00
23.251
5.0
100.001

LEAD MASS BALANCE

lead lead
assdy wnats recovery
stage  total

.06 0418 13111 131
3.4 s .1 1.0t

LI w0 a3 m
076 0.58 1401 SAITL
bbb 0385 12.111 eB.00X
5.4 0105 331 72.m

.0 . .11 st
3.5 0.0% .91 #2341
.78 0.033 Lés1  GL.001
284 o2 .01 es01

w02 048 15.100 100.001
3182 100.001

lead recovery
assay 1 stage  total

.0 e 1701
.8 S 2am
.83 0.l 2.3a
2.6 2.391 #002
002 15001 100.001

TINC MASS DALANCE
e nnc

sy wts recovery
stage  teotal
L% 0 .00 l.001
.07 2% 3.1 o.M
B 20 i a.m
7.9  1.887  26.18T  73.401
1740 1.920 j4.30r  @7.702
10.20 0215 ar Wt
.15 030 L0 5.0
IR N 1471 .22t
24 e .00 %02
L& 0022 o301 a2
0.35 0,203 .M 100.001

7.133  100.001

FILTS recovery
assay 1 stage  tetal
.00 1001 0.0
.10 LT N
5.82 .11 %221
2.10 %01 .an
0.35 .81 100.001

TRON RASS DALANCE
wen iren
sy wmts recevery
stage  tetal

3.0 2.306 e 142 [ A1)
2.0 I 7 1.1
3.0 0% L4t
10,00 1.205 «3: w.Mm
2%.0 1.55% 5.401 N2
.0 eeS2 .31 ».3M
N5 LS .m um
30.00 L3 3.0 N
0.3 o .3 .
3.0 20 1.581 .41
2.0 1.0 9.9 108

.39 100

irem recovery

assay 1 stage  tetal

3.3 10931 M

19.07 1.4 .M

3.33 .1 3NN

N1 . N

N2 W31 100

10-104 Collectorless flotation then zinc flotation in air.
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FLOTATION CONDITIONS

pH activator Pre-conditioning collector flotation
sasple reference added type  addrtaon gas
g/t gas tise g/t

collectorless rougher - 2 mnutes B.0 - ar 10an - - arr
collectorless scavenger - 2 minutes 8.0 - - - - - arr
zinc rougher - 30 second 10.0 1200  AdAL Swer  grpy 50 atr
zinc rougher - | mnute 10.0 - - - - - ar
2inc rougher - 2 sinutes & 10.0 ~ - - - - arr

zinc rougher - 2 sinutes B 10.0 - - - - - ar i
21nc scavenger - 30 seconds 10.0 - - - 3IPX 0 air

210c scavenger - 1 minute 10.0 - - - - - ar
zinc scavenger - 2 minutes A 10,0 - - - - - ar

210C scavenger - 2 ainutes B 10.0 - - - - - amr

GRINDING CONDITIONS:

30 amnutes. stainless steel charge

1200 o/t zinc sulphate

10-104 Collectorless flotation then zinc flotation in air.
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air and nitrogen, zinc flotation in

— - e e — e _—

SOLIDS MASS BALANMCE COFPER MASS D ANCE LEAD MASS DALANCE 1INC MASS DALMICE IRON MASS BALANCE

sasple  ascs pull copper topper lesd lead HTS e e irem

weight  sasple total sy wits TeLCvaTy assay wmts recevery assey wmits recavery assay  wmits recovevy
saspls reference stage  tetal stage  tetal stage  total stage tetal

14

Wil cmeher  tise 1.5 simutes 87.06 L .56 0187 SL6N1  S0.4NT N30 .m Si.m st . 0.52¢ S. T 3.7 2020 .00 7.t 1.t
bulk <avenger - tine 1.3 sinutes 48,70 6.050 14,162 LM 0.0 13LWM .11 L0 WY 16.981 0.1 1.0 0.780 .11 1391 3.0 2.m s8I 15.m
pyrite romgher - trae 30 secomdy .5 Lm iLm .25 eon2 3.4 7Lt L 0N N 7L a6 e L e B 1.8 1.31 23.11
pyrite romgher - time | armnte nn 1151 .02t 0.312 0010 9% M L L2 3.501 M0t &4 027 2951 2031 W% LIN L .
Pyrite rowgler - tioe 2 mnutes (A “.n AN 2% 0.2 een .06 70,681 3.31  0.184 €76 02991 50.B0  0.53F .92 .71 3% 1473 A0 WSt
pyrite raugher - tane 2 sinutes (B} 13.33 1.41 78.401 © oM 01 70 AT 2,43 0.1y 1,070 8402t 12,20 e.172 1.9 N0.151 .10 0.3 LN %13
prrite scavenger - tier 1.3 sinstes () 81 4150 .38 0.08  0.00% 1,041 01.04 1,02  0.08) LOIT et L& 0 2461 W01 2.0 2.8 1.1 M50
pyrite scavenger - tise 1.9 minates (D) 5.0 9 013 43,582 0.0t 00 .10 LN i i .69T WML LW 0l L1 WA 2.0 LI 15T
pyr it scavenger - tiae 1.5 sinutes tE) 32.25 5.531 49.0°1 0.0 0.005 LAST 80401 102 0.05 1631 .M L1202 2.5 .41 U.58 2.2 LN n.e
pyrite scasenger - tise 1.5 sinetes (f) °.n 4470 S35 .08 0.004 1.043 05441 1.0 0.0 .M N L e .78 WL a0 LI r.¢1 NN
pyrate scasenger - Lise 1.5 sinetes (6] 075 2.6t 56.181 .09  0.002 0.1 84331 .13 0.030 0051 %2591  A.56 0.2 2.0 .00 % LM .41 N
zinc rougher  tise 10 secomds 5% 1. 5.1 020 0.00) 091 B.IN 675 0013 0371 .91 3.0 .04 .31 2 L . L 2.u1
e toighey - Lise { agnute 18,63 1.9 s oo N ] 1,271 88.591 0.78 .01 0.4061 93401 40.90 0.9 0.8 T N oM .m a8m
T1aC rugher  tise 2 minstes . .31 #3.201 1Y 0.9 1.8 90.831 0.75 0.025 0732 3l 4. 1.3% 17.41 719301 1.2 633 .31 uw.m
2inc sa.engry - tiee | sinute 19.87 2,081 45.281 628 0.003 1.1 .U 0.9 0020 051 701 %60 9.2 (RT3 NIIEER S NN N2 Lm sm
2L cravenger - tiee 2 sinutes 1% 2,012 47.297 026 0005  1.0I1 93321 L.06  0.023 84671 IV 3L 40 2071 5.8 e X1 LM 6.m
Cinat tards 309.03 32.711 100.002 .07  0.023 4.081 100.001 0.4y 0.1 4.631 100.001 1.25 0400 .51 100001 993 3.2 13.011 100,002
test faed irrronstyluted) ue.n 0.343 100,001 3080 100,001 9.050 1te.001 .4 10
TEST Samagy: saple  wass pull copper recovery lead recevery i recavery tine recavery

weight  saaple total assay T stage  tetal assay 1 stage  total assay 1 stage tetal assay 1 stage  tetal
St Hhatatioe 1L LT 16 1.65 68221 8.2 119 70,261 70.261 .0y 1391 ket 2.0 1ar ket
Pyrite rongher flotation 1a air 3OS 1020 ot [ BETTS B N1} 135 13 N UG IR B N 3.4 N5 N9
prrite stasmgrr flotation in mitragen 2.1 .M oS (X I R L9 s .M RN AN N e s e
11 reugher (lotatsen .37 e aliet 0.20 I %0.451 [(R/3 1501 M w2 A nn .99 2.7 .
Timc cra.enger {lotation 10.43 .09 47.291 .2 .81 3N 1.05 .01 uan 5.0 LAl B el .M WM
tmal tarls I 32.211 100,001 0.07  45.601 100.001 047 0431 100001 .53 43T 100001 .93 130T 100.001

10-201 Bulk copper,lead flotation in air, pyrite flotation in
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FLOTATION CONDITIONS
oH activator fPre-conditioning tollector tiotation
sample reference added tyre  addition gas
gt jas tise g/t

bull rougher - 1.5 minute A 8.5 - air 10 ;i SIFX Se¢ air 1
bulk rougher - 1.5 sinute B 8.3 - - - SIFX 30 air
pvrite rougher - 3¢ ceconds 8.5 - - - - - arr
pvrite rougher - { s1nute 8.3 - - - - - ur
ayrite rougher - 2 s:nutes A 8.5 - - - - - awr
pyrite rougher - 2 minutes B 8.5 - - - - - ar
pyrite scavenger - 1.5 ainutes { 8.5 - nitrogen 20 mn - - n:trogen
pyrite scavenger - 1.5 sinutes 0 8.5 - - - - - nitrogen 2
pyrite scavenger - 1.5 sinutes £ 8.3 - - - - - nitrogen
pyrite scavenger - 1.5 mnutes F 9.3 - - - - - a1trogen
pyrite scavenger - 1.5 minutes E 8.5 - - - - - ritrogen
21nc rougher - 30 second 10.0 1200 none 5mn  SIPY 50 ar
21nC rougher - | minute 10.0 - - - - - ar |
z1nc rougner - 2 minutes A 10.0 - - - - - air
21nC scavenger - | ainute 10.0 - - - SiPy 30 air
Z1nc scavenger - 2 minutes 10.0 - - - - - ar

GRINDING CONDITIONS:

30 mautes. mld steel charge

1206 g/t z:nc sulphate

10-201 Bulk copper,lead flotation in air, pyrite flotation in

air and nitrogen, zinc flotation in air.
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SBLIDS MASS DALANCE

COPPER MASS DALAACE

LEAD MASS DALAMCE TINC RASS DALANCE 1000 BASS B dacE

saagle  mass pol} copper capper Yead lead nnsc un irm ire

weight  sasple total assay  wts recevery sy wits recevery assay wts recevery assdy  wmits recovery
sangie reference stage  total stage  total stage  tetal stage  tetat
bulh 1cugher - tise 1.5 sinmtes 9. 05T NS 2,02 0.190  S2.3F SI.5M20.20 LI SR0T SY.401 Sk .72 R ANl .37 2500 10001 10102
Wit sravenger - tise 1.3 atnutes $9.90 .20 15071 058 6.034 10.07T 8.341 2.7 WY B4 JA.0AT 1000 0.06h 2.521 14351 1.0 .08 0.3 18.31
pyrile rougher - tise 30 seronds 3%.17 3.0r .11 020 0,012 3.5 71.861 2.5¢ 0.130 LMY 78451 3.8 W . w1 N 2342 . .
pyrite rowgher - Line | mimnte 26.49 2.781 24.551 0.23  0.000 2.3 .10t .M o9 2951 et oM 020 2.1 5.0 3.0 0.9 W 3
pyrate rovgher - time 2 mnntes (A) 2.0 2300 .91 e 6007 208 a2t 330 01 247 SLOZ1 11LK 0272 30T BNt LM 0l .01 e
pytite rowgher - tise 7 minutes (B) 1.9 1.711 2.0 0.2 0005 LI 1.4 3L 0.0 19 W01 120 0212 .11 A58 BN 0 L, um
preite scavenger - tise 1.5 minntes (O} 3.85 0301 .01 0.32 061 LWL 7.1 .13 sl 0.351 06.371 1.0 0,003 0311 9.0 .0 0. 102 .1 .INn
prtite scavenger - tise 1.5 ainutes (B (X ] 6 001 20.031 0.00  0.000 0.00I 12.91 0.00 0.0 0.001 05.371 .00 0.000 0.001 29.031 0.0 0000 0001 3.3
gyt ote scavenger - tise 1.5 ainutes (E) .00 0.001 29.031 0.00 0.000 0.901 71971 0.0 0.90¢ 0.001 86.311 00 .00 0.001 0.0 000 0000 . LI
preote stasenger - tise 1.3 einstes (F} L0 0l L 6 M0 0L TII A0 AW 001 BLITT 000 000 0001 X031 40 4 MM .M
priife stavenger - tise 1.5 mnutes (6} 000 0.001 29031 000 0000 0001 72971000 0.0 M1 05311 60 000 001 2001 00 40 M1 NN
Zine snagher - Lise 30 secends 10.09 1.y81 3.011 0.0 0010 2091 90841 1,17 0.023 7l fr.00t M. 19391 39431 1710 03 L. B3R
2um gougher - tsee | aimile 2.7 .37 33401 .20 0.008 1.921  §2.281 1,03 0.025 .76 97.061 &.0 1.1 1.4 3.0 12.9% 010 1.2 .1
1M 1 mgher - Liee 2 aieales ny 0 37.48 [ 2o BN ] ) 3.000 93.7% 112 e.00% 1391 09,251 AL70 LWBS  19.031 J0.ETY 1510 0.810 .4 Qm
21c tomgher - tiae 2 sinutes .M 2501 395t 02 004 L1 0341 100 002y 0002 TO.NM1 300 0012 10291 001 1030 0433 1A' WM
2inc sravenger - hise | minute 9.95 1.051 .91 .19 0.002 0.541 07.101 1,90 e.011 0.351 .41 .M 0 s 95301 1.0 6200 o0t 5.0
2ine stavenger - Lime 2 minutes 15.00 1.621 2.4 020 0.003 0.9 .01 4505 0.017 4331 WM .M 0% .1 N 2L Y 1Ml &N
final tanls 4.30  SLIT 10001 607  6.000  (1.YNT 100.M10.51  0.293 0.011 100001 1.3Y 47 %011 100081 2330 13371 SLIM 1.0
test tore trecamstituted) 952.00 0337 100.001 3.209  100.001 8.057 100.001 15.70  20.%0 100001
1651 SUMARY: saople sass pull . copper recovery lend recovery tinc recovery iron recovery

weight  sasple tetal assay 1 stage  tatal assay 3 stage  total sy 1 stage  total ssy 1 st tetal
Bult flatatine 15106 15.871 15.0n 143 M1 W3 1506 7801 M.o01 03 10351 16,35 215 1.5t 18.5%
pyrife rounher flotation 18 2ir 121.8¢ 12.711 A.401 .28 .51 .M 3.5 1.9 %s.0t [ X 1] 2.1 MBI %.01 10.31 WM
pytite stavenges flotatien 14 aztregen 3.45 0.381 9.1 0.32 .31 7.9 .95 0.351 %371 "n.. 511 2.0 2.0 Nl NN
2ine tougher 1lotation 103.% 1921 Jo.%t 0% 03 W54 [B1] 5,741 te.t 7y 2 naa 15.47 N1 WM
1m stavenyer flatatien KBy o 6.1 L3 K 1.0 ol teen N6 LMl WM 0 22 4.
finat tails $46.30  57.301 100.001 0.07  11.931 100.00 031 %011 100.001 1.3 L1 0.0 3.3 S5 1.0

10-202 Bulk copper,lead flotation in air, pyrite flotation 1n

air and zinc flotation in air.




b

sample reference

bull rougher -
bulk rcugher -

pvrite rougher
pyrite rougher
svrite rougher

pyrite rougher

1.3 sinute 8
1.5 sinute B

= 3¢ ceconds
- 1 s1rute
2 ainutes A

ainutes B

L]
"

pvrite scavenger ~ 1.5 mnutes [

21nc rovgher -
Iine rougher -
21nc rougher -
Jing rougher -

210C scavenger
21nc scavenger

10 second
1 mncte
2 mnutes 4
2 maute: B

= 1 sinute
- Z ainvtes

FLOTYTATION CoNNDIT

pH activator Pre-conditioning collector

added

9/t 9as tiee o/t
8.5 - ar 19 aan  SIFX S0
8.5 - - - Sipx Jo
8.5 - - - - -
8.3 - - - - -
8.3 - - - - -
8.3 - - - - -
8.5 - - - - -
10,0 1200 none Smn  SIPX 50
10,0 - - - - -
{00 - - - - -
10.0 - - - - -
10.90 - - - SIPY 30
10.0 - - - - -

type addrtion gas

GRINDING CONDITIONS:
30 mnutes, mld steel charge

1200 9/t z21nc sulphate

1 0NS

flotation

anr
ar

ar
aiar
ar
ar

anr

ar
air
ar
ar

ar
ar

10-202 Bulk copper,lead flotation in air, pyrite flotation

air and zinc flotation in air.

in
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- L L

@

sasple selerence

bk rougher
bulk st avenges

tior 1.5 snutes
tise 1.5 minstes

pyrite ravgher - tise 30 ceronds
pyrite rougher  tine | ainnte
pyrite rongher  tioe 2 srnutes (A)
pyrite conghee  Vy0e 7 sinutes (B)

preate <oaveuner - trae 0.5 qunntes ()
pirits «oa sugn  tine | sinute (B)
pyrite srasengis - tine 2 mautes (€)
pyrite o avesger  tiae 2 ainntes (F)
pyrite scavenger  tiee 2 sinutes (6)
pyrite =cavenger  time 2 sinstes (M)

2InC rongher  tise 10 seconds
A toagher  tiar | ajnate

JIRC rungher tier 2 sinutes
1IRC romgher  tiee 7 ginules

2InC SCa enger
118C Sta puger

tise 2 stnutes A
tise 2 si1nutes B

fimal tanls

test lecd lreconstituted)

TEST Sumnasy:

bulk finlabion

pyrste imgher flotation e air
mirite <ta puger flotation 1e nitroges
I tougher lalaton

ring <1 a rogrt Flgtation

fimal tuis

SOLIDS MASS MLANCE

simle
weight

asss pull
saaple total

n.n .21 A
019 8.991 15.242

nae r.1 235
(A R b 80T 30352
350 1.5 3.t
H.n4 LT 35.002

LM 4,941 39y
0.3 LN 4709
35.58 3.480 5).262
20.32 2.001 55211
15.62 1.541 .01
.2 1.091 58.701

20.83 2.061 40.762
3.8 3170 ey em
21.%% 2171 gb.652
16.97 1.670 87721

18 55 1.830 49.551
7. .77 n.

290.96  28.491 190,001
oen

sasple 2353 pull
werght  saeple total
18097 16,261 14,200
1%.41 10.771 35.001
24003 23471 SB.I01

nne LALLAI A o]
N X L% n o
190.%  20.491 100.001

COPFER WASS DALANCE

copper cogper

assdy  emits recovery
stage total
243 0.1%3 35.450  55.451
.57 0.051 14.742  70.1M1
.20 0.0M L8 N5
0.20  0.004 3.9 1929
6.2 0 0 5T 0.8
02 .00} 0.847  B1.881
LA N L) 10 |
0.0%  0.000 275 By
0.0 0.00% 121 8.0
e.10  8.002 f 581 8h.91
ol 000 0 4o 9.0
.10 0.002 0.551  #1.911
[N N ) 1.061  09.081
019 0.006 1.1 €9 781
0.22 0.045 LYL 21
.30 0,004 Ll u.m
027 0.00% 11 wnt
0.23  0.004 1.47T st
.03  ooN 13 100,001

.36 100.001

copper recovery
assay 1 stage  total

L% a9 nan
0.21  $1.41T 41 a2
0.0t 0351 I.m
e § LM
0.0% .59 §5.an
0.05 53T 100,001

LEAS MASS BaLANCE
lesd lead
assay wmits recovery
stage total
22.00  L.4SY  Al.a1 A2
8.3 0.754 21,47 6°.311
2.1 um . 7500
.48 LI .M
3.0¢ 0107 3.081  0).43
.67 003 1,051 04457
1.2 0.052 1500 05.%1
1.12 0o%m .01 .72
LT 0064 1.1 9%.401
1.37 o am I.m
1.43 0022 0.631  *2.021
.47 0032 .91 2.9
0.3¢ 0.0l 0.521 .28t
0.3  0.020 0.571 I M1
0.02 0.018 0.511 .1
[ B X 11 ] 037, w.
1.4 0.0 0.741  95.301
1.5 9.028 .71 %W%.IN
[ XL R ¥} 3,631 100.001

1.481 100001

lead recevery
assay 1 stage tetal

1003 3L e
2.0 1551 B8
(el 8y oz
.46 1.1 N
1.9 1531 %3

(A1) 3.432 100,001

TINC MASS BALANCE
I8¢ 3114
assay waits recovery
stage  total

[ XL N T san s
.57 .m0 321 R
5.0 0 w2 et
[ A ] ] L0 2345
.91 e3d het N
11.69  0.138 1.521  28.451
3.6 018 LSt N30
1Y 035 eeer 303
L M2 e W
03 0081 2,001 0.131
i1e i 1.0 2022
.30 214 231 Mk
55.60 1003 12,051 900
$2.10 1,627 10.001 7501
43.00  0.9°2  10.°71 M0
.0 03% W1 nun
19.490  0.355 91 %30
7.8 0.1 1331 .62

LT )] 1.1 100,001
9,035  100.001

1I0¢C recovery
assay 1 stage (atal

019 .50 s
49 13N ST
.00 137¢ 22
$1.22 w22t .
13.71 3,450 18.081

0.4 1941 100.001

IRON NASS OALANCE
wron ires
assdy weits recovery
stage  tetal
L)

3% 1. . e
35.40 .20 1.7t 0.2
e 2. LM N
870 .40 1031 LA
5.3 1.208 L. e
10.% 0.3 1.4 @.532
Q2,10 1.9 N1 55301
0 38 NI nn
R 2100 .Lm nest
3030 0.W .1 m
.3 eam .M .in
0% 03 2221 WM

.03 el .40 85.4601

LN} .20 1,147 8b.781
1.0 0262 L% .M
"o o LNl Nt
2.3 LI .4 %81
19.40 .34 1.3 "SR

L8 2N 0471 100,002

5.493 .M
1ron recovery

assay 1 stage total

a am wm
M.00 20371 4050
W WA MM

.30 3 Nn
19.% M1 .

.4 0.471 100.002

10-203 Bulk copper,lead flotation in air,

air then nitrogen and zinc flotation in air.

pyrite flotation in
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€L

‘!II.

casple reference

bulk reucher - 1.5 sinute &
bulk raugher - 1.3 sinute 8

pvrite rougher - 30 seconds
pyrite rougher - ! sinute
ovriie rougher - 2

pyrite rougher - 2 mnutes 8

pvrite scavenger -
pyrite scavenger
pyrite scavenger
pyrite scavenger
gvrite scavenger
pyrite scavenger

2nc rougher -
1inc raougher -
715C rougher -
21nc rougher -

21NC Scavenger
11nc scavenger

anutes A

30 seconds C
! sinute B
2 sinutes E
snutes f
sinutes 6
snutes H

"~ P o

30 second
s1nute
arnutes A

-sinutes B

S I =

1
2

anute
mnutes

pH activator Pre-conditioning

added
g/t

ceNp1 Y

collector

1 0wsS

{lotation

type addition gas

Qas tise g/t
ar 10 min  SIPX 30
- - Sipv 30
nmtrogen 20 min  SIPX 10
none S min  SIPX 30
- - SiPx 30

GRINDING CONDITIONS:

30 mnutes, m11d steel charge

1200 g/t zinc sulphate

ar
air

aar
ar

ar
ir

n1trogen
nitrogen
nitrogen
nitrogen
nitrogen
nitrogen

ar
nr
ar
ar

ar
anr

10-203 Bulk copper,lead flotation in air, pyrite flotation

air then nitrogen and zinc flotation in air.

in

()

E

S ——,

FLOTAT I ON

F VN S
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SOLIDS MASS BALANCE COPPER NASS BALMICE LEAD MASS DALANCE 1INC NASS pALAMCE 1R0% MASS BALANCE

saeple sass pull copper copper lead jead un 1 wen won

werght sasple total assay  umts recovery 532y wits recavery assay wmts recovery 4552y amis ’ recovery
saspl® reference stage  tetal stage  total stage  total stage  tetal
buld romgher - tise 2 armutes 56.21 .5 s .80 0.15Y 4281 A28 572 A I 63 b1y M LN L .Y LI UL LW
bulk siavenger - tise 2 ainutes 132,35  13.031 (8.38 0.67 6.007 26,91 16.71 13.80 L7727 SL.3ST SR.IBT O 2.05 0018 ML3ID 15471 .60 .03 14291 0731
pyrite rougher - tiae | mnute (A} 12.30 3.8 21741 019 0.006 1.07T  78.12 7.70 0.243 7.101  45.821 9.20 0.293 .40 10071 3.9 1.914 .51 2
pyrite rougher - tiee | ainute (B) 29.78 2,931 N8 0.14  0.004 1271 79.41 410 0.120 3.4 70.301 .23 oM 611 .M 3. 105 L A
pyrite cougher - tise ! mnute (D) 1.5 .31 %.991 0.11  0.003 0.79T 80.201 2.40  0.054 LT TLAUT e 0N 1901 23401 %.30 0. .MM et
pyrite songher - tise | qunute (D) n.6 1011 9.0 0.09  0.002 0.581 #0.771 L0 0.017 L1 .M A58 LIN% LN 25271 3B 0735 .51 3.3
pyrite scavenger - tioe | ainute (A) 231,58 22.000 51.B51 0.06 0.014 €231 05.001 L34 0331 10,181 83151 2.00 0.470 .86 35131 2.0 1% WS W.an
pyrste stavenger - troe | sinute (D) 073.93 8.17 $0.032 0.07  0.008 1171 .77 172 e L0701 87.231 481 o.M 951 .M N 333 .l TN
pyrite scavenger - tise | arnute (C) 38.08  37ST 63771 010 0.004 LIl 8.931 LY 401 Z.MI $9.301 4.3 0321 NSl LMD M LS A7l M
1180 r wgher  tyee 30 <pronds .2 (LA 0.18 oon 341 9.5 112 0.080 .99 90,291 4648 2002 MMl N 1M Mt .M LM
ine tougher - time 1 minule 1.8 .M B | 3 0.008 .31 .71 158 0.452 $.51 9.1t 450 1.381 16.761  93.301 17.60  0.503 2.1 .30
1inc rowqhier - tiee 2 sinnies 26. 461 2.82% 75.851 0.23 0.004 1.861 95.571 1.2 0.050 1.461  90.281 13.20 .30 .26 97.041  23.1¢ 0.403 .11 .
ZinC rougher - tise 2 mrnutes (B} 11,20 1,100 74.951 0.22 0.002 0.751 9%.321 2.14  e.024 .81 N1 L2 00N 0.401 WA 25,70 o2 L nu.m
Tinc soavenger - bise 30 seconds 12.48 1.231 10.1n 016 0.002 0.411  94.972 1.62  0.020 0.3 O3l LY 00N 0.300 .71 7.8 0302 LI 93941
210¢ e avenger - time | aimute 9.3? 0.921 7.101 [N} 0.902 0.491 9.411 L7 0. 016 0.481  956.001 1.16  o.012 €131 .02 2.8 0214 0.77T 9.3t
fimal tarls 22,30 29.901 100.001 [N I X 2591 100,002 0.8 0.13 4,001 100,001 M 082 £.050 100,001 2.70 1400 5.6 100,001
test teed {reconstituted) 1015.92 0.323  100.008 3.450 100,001 0.119  100.001 .28 100.001
TEST SIMmARY: sasple sass pull copper recovery lead recovery 2inc recovery 1on recovery

weight  sasple total assay 1 stage  lotal assay 1 stage  total assay 1 stage  total assay 1 stage  total
bult fiotation 189.56 10.561 18.382 .33 18.211 16 1M1 1n.1e .11 wIn 678 15491 15.n .87 .31 0731
prrite rougher flotation 1n air 106.65  10.501 29.061 0.0 4501 90.711 3% 121 2. 1.57 s nBnm N0 12.051 WM
pyrite scavenger flotation in nitrogen 352,67 .MT 3.77T 0.07 .81 0.9 1.42 16111 89.301 .90 16.661 AL Wi SLAM K.t
21nc 1ongher (lotation 9%.06 9.4t L. LE 3.8 am 1.28 L a.m 4,35 5451 93.301 1" LN "
tne ccavenger {lotation 57%.48 5.0t 1900 .20 L 9.a i.08 J.201  94.001 10.0% .9 . n.0 001 .
fimal tarls 212.30 20, %01 100.001 0.04 2,591 190.002 [ X ] 4.001 100.001 [N 1,131 100.001 1.710 S.47% 100001

10-204 Bulk copper,lead flotation in air, pyrite flotation in

nitrogen and zinc flotation in air.




FLOTATION CONDITIONS
pH activator Pre-conditioning collector flstation
sasple reference added type addition gas
g/t gas tise 9/t
bull rougher - time 2 mnutes 8.3 - ar 10 mn  SIPX 50 ar
bulk scavenger - time 2 minutes 8.5 - - - SIPY 30 ar
pyrite rougher - tise 1 sinute (A} 8.5 - nitrogen 4 min - - nitrogen
pyrite rougher - time ! mnute (B) 8.3 - nitrogen 4 ain - - nitrogen
pyrite rougher - time ! mnute (C) 8.5 - nitrogen 4 min - - nitrogen
pyrite rougher - tise | minute (D) 8.5 - nitrogen 4 min - - nitrogen
pyrite scavenger - tise | minute (A} 8.5 - - - SIPX 10 nitrogen
pyrite scavenger - tise 1| mnute {B) B.5 - - - - - nitrogen
pyrite scavenger - time ! minute (C) 8.5 - - - - - nitragen
o 2nc rougher - tise 30 seconds 10.0 1200 none 5 en  SIPY 50 arr
> zinc rougher - timse { minute 10.0 - - - - - air
21nc rougher - tise 2 sinutes 10.0 - - - - - ar
21nc rougher-- time 2 mnutes (B) 1.0 - - - - - ar
zinc scavenger - time 30 seconds 10.0 - - - S1PX 30 ar
zinc scavenger - time | einute 10.0 - - - - - ar
GRINDING CONDITIONS:
30 mnutes, stainless steel charge.
1inc Sulphate. 1200 g/t

10-204 Bulk copper,lead flotation in air, pyrite flotation in

nitrogen and zinc flotation in air.




9Ll

-

e

sasple referemxe

bulh rougher - time | sinute (A}
bulk sougher - tise | srnute (D)
buld rougher ~ Lise | sinute (C)
Meib rougher - tise 1 sisate (B)
bl rongher - tine | misete (E)

rinc rougher - tise 30 seconds
zinc veigher - tioe 1 mrnwte
ZANC rougher - tise 7 sinutes

2ine scavenger - Lise 30 secands
zinc <1 avenger - tine | mmute

f1nal tails

test {eed (reconstituted)

TESI SImmARY:

Wit flotation

ztnc 1imghey Flatation
zinc sraveryer {lotatien
final tarls

SOLISS MASS BALANCE COPPER MASS DALANCE LEAD MASS BALANCE

1IN MASS BALANCE 1RGN MASS DALANCE
simple aass pull copper copper lead lesd ting 1w irem irem
wight  sasple total a5y  wails recovery assay  wnits recovery assay waits recevery sy wmts recovery
stage  total stage  total stage  total stage  total

6. 28001 2001 091 002 T4 7471 48 AIR2 LI 31 .7 204 2551 2.5% Ly e, .t LN
%.5 .51 LM 3.45 0.156 %51 3.1 410 0.7 LA 1L LM 0.133 1.1 LU W3 1458 . vn
18535 1A.1MT 23451 .33 0053  IS.4ST  40.371 534 .M 27.20 41061 273 0443 5501 10.021 8.0 49y 2t .
2160.36 20,081 44531 0.17  0.0%  10.351 79.92 Li¢ 098 .M 0.1 13T OIS 4001 10.%D 10 8453 W81 .M
10620 10.132 30.488 [ AT X1 A1 70 L3 M3 W st oL oM .0 2.0 XM L LM NI

20.12 7.1 2.4t o.10 0.018 .14 BB.001 L.82 .12 3.051 65.781 S50 3.34 44.531  73.37T 1. [R51) 3.3 M
37.3%  3.500 56131 021  0.008  2.230 VL0V 186 .00 2061 U130 3L LIV W3 BT N A It .M

I LI NN 02 0.8 2301 AT LY 0Tl 27 BSIL 1% 04 15T M AN Ll B

2350  2.29T 72081 0.21 0.005  1.421 94.081 L% .85 1371 Y.ML 629 0144 1002 ¥.281 3110 0712 %t 0L
2,01 2091 A1 21 0.5 1331 %21 .42 002 LT .41 4e 0 101 NI N M 2 M

20.50  25.771 100.000 0.05 e.013 3 10000 0% 0.2 1.340 100,001 031 0.1 100 100001 1100 2038 0.0 1M.001

1020.73 0.340 100.00% 3.282 100.001 7.990  100.001 2.9 10.00

siple sass pull copper recovery led recovery H1 4 recevery irem recovery
vaght  sasple total assiy 1 stage ol syl stage  tetal asurl stage  tetal syl stae  tetal
381,22 50801 .M .33 NI K0 Ly . A .22 2.8 AN e nBM nm
155.12  15.111 M 0.2 BT BN 1.7 e s BN W41 W nn wm B
£5.51 LT N .21 2.7t w21 218 a1 .t 5.0 201 WML n.n “Wn ne.m
284.50  25.771 100,001 [ X ] J. 792 100.001 *.% 7.541 100,002 [ &1} 1.6 100,001 10,00 100113 100.001

10-205 Bulk copper,lead,pyrite flotation in nitrcgen with stage

addition of collector, then zinc flotation in nitrogen.




¥y

sasple reference

bulk rougher -
hulk rougher -
Sulk rougher -
bulk rougher -

bulk rougher -

21nc rougher -
21nc rougher -

2inc rougher -

sinc scavenger
1InC scavenger

— e pes b Sun

w

t
2

-

nnute A
sinute B
snute C
snute D

atnute £

0 seconds

snute
anutes

30 seconds
! mnute

F L

T

AT ON

pH activator Pre-conditioning collector

added type  addition
g/t gas t1ae g/t

- nitrccen I min SIPX 20

- nitrogen 3 mn  SIPX 20

- nitrogen 3 mn  SIPX 20

- nmtrogen 3 min  SIFY 20

- mtrogen 3 mn SIPX 20
1200 none Smn SIFX 50

- - - 51PX 30

GRINDING CONDITIONS:

30 mnutes, m1d steel charge

1200 g/t 21nc sulphate

CONDITIONS

flotation
as

nitrogen
mtrogen
ni1trogen
nitrogen

ntrogen

ar
anr

aar

ar
nr

10-205 Bulk copper,lead,pyrite

addition of collector, then zinc flotation in nitrogen.

flotation in nitrogen with stage

()



)

saaple reference

bulh rongher 7 sinutes
bulb scavenger - 7 mimates

2iwe
FILT
1m
HIL

rongher  time 30 seronds
toughier - tioe | miaule

towgher - tiae 2 mantes A
rougher - Line 2 sinutes §

1104
nm

scavenger - tise 10 seronds
sca.enger - tise | anule

hnal tarls
setmstituted ford

1651 SIMMARY:

bl tintation

1w rougher flotation

rine scavenger fletation tiee 0-1.3 ;0
f1nal lolation tarls

SOLIDS MASS DALANCE COPPER MASS BALANCE LEAD MASS SALNICE TINC MASS DALANCE 1RON MASS MALARCE
canole 0acs pull copper copper fesd lead 110¢ 2ne rrom o
weight sasple total %83y umts recovery assay weits recovery assay wmnits recovery assay wts recavery
(gr aas) [$4] stage  total m stage  tetal (34} stage  total [£4] staged  total
152.00 40461 Wl 0.3 0.2 .0t 7101 S.0¢ 2.285 RN ALY .00 1M1t L 3D O3NSe 12.%3 AT bl
0.0 14430 59.091 0.31 0,045 13481 04770 370 0541 16.301 BS.LT .01 1172 10.M1 MIAT 3A10  S5.290  10.M1 .MM
5¢.01 5.300 64.391 .17 0.00? .72 . L 0.048 1.022  Bi.981 0.9 2.3% 3.0m 75,22 LN B X 1,691 81 &2
3.9 2,551 86.%41 0.20  0.003 139 0%.031 L34 003 1LI0D BRI 3000 0.9% 2T 63831 130 o.ue [FEL1 S PR »)
ny s a0t 70001 0.2 0.007 150 9001 L78 0.055 L6 80031 2080 0.7 .73 3.4 2000 .89 L s
.59 .01 70.041 0.21  0.000 0.00L 91101 2.0 0.0M .06 3.051 1.0 0.000 0.001 934  0.00 0.000 000 1N
3.0 .54 72.581 0.23 0.006 1761 72.941 2.00 0.03) 1.532 1.t LX) 0.2400 3.0 %7 22N LW 2.401 87 L
5.12 2,471 715,051 0.2 9.004 L W L2 00N 1431 .11 A 03 LT W % e .50 %0.301
230.00 24,751 109.001 0.07 o017 S.271 100,001 0.9 0.2 7.221 10000 0.54  0.13% 1.720 108.001  11.10  2.%%¢ 9.701 100.001
1018.34 0.331  100.001 3.319  100.002 7.800  100.00¢ 20.568  100.001
saeple sass pull copper rerovery lead recovery na recovery e recovery
wight  sample total assay 1 stage tota) assay 1 stage  total assay 1 stage  total assay 1 stage  total
600,79 39,091 59.091 0.8 @I M (1% DU -NTTEN K15 5.0 .18 NI n.e NI MM
111.53 10,931 70.001 0.1¢ b4 91181 (K] “Lin .M 319.74 55521 9.t 3.4 5.151 85
0.7 s.011 75.051 0.23 3.5t W7t 1.% 2291 n.m LA 631 N 2.5 5.1 %0.301
34,08 24,931 100,002 0.07 3,211 100.001 0% 1.2 100,001 .5 1720 100,001 1110 9.701 100.002

8Lt

10-206 Bulk Cu,Pb,pyrite flotation in nitrocgen, single addition of

collector, zinc flotation in nitrogen.
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¢ ¢

sample reference

bulk
buik

21nc
zinc
21nc
1inc

nc
inc

rougher - 2 snutes
scavenger

rougher
rougher
rougher
rougher

scavenger
scavenger

- 2 ainutes

30 second
1 sinute
2 mnutes A
2 minutes B

- 30 seconds
= 1 mnute

FLOTATTION

CONDITIONS

pH activator Pre-conditioning

10.0
10.0
10.0
10.9

added
g/t

1200

gas

none

1

tise

ain

tollector tlotation
type  addition gas
g/t
SIFL 100 nitrogen
- - nitrogen
SIFX 50 air
- - aar
- - aimr
- - ar
SIpx 3¢ ar
- - alr

GRINDING CONDITIONS:

30 sinutes. miid steel charge

1200 g/t :inc sulphate

10-206 Bulk Cu,Pb,pyrite flotation in nitrogen, single addition of

collector, zinc flotation in nitrogen.
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SOLTDS AASS BALANCE

COFFER RASS MLANLE

LEAD MASS BALANCE

TINC PASS BALANCE

1HON WASS DALMICE

sasple sass pull copper topper led H T unt 3114 won rom

weight  sasple tota! assdy  units retovery assay waits recesery assay  saits recovery assay umits recovery
sasple refsronce stage  total stage  total stage  total stage  total
2t coughsr - time 0 eernnds 24 8 .59 2.501 [ a1 9.008 2.001 2.641 1. 0.188 6301 .31 686 0.172 2391 2.3%F .50 C.789 P21 S 3}
00 rougher - tise | sinule 2218 2,25 4782 0.15 0.008 .51 5130 5.60 0126 .21 10,401 7.60 0171 .81 761 32.00 721 2.541 S.32t
Tint scavenger - Liee | mimate (1) .7 .81 1.5 0.37  0.010 LI a4l A 0 031 131 .27 6.2 3831 A3t 210 09020 .01 LM
nne sea.onger - tise ) sinule (1D 9.9 07T 040 04 0007 .39 10.861 3.9 [N /] 2,490 17.111 10,00 0.202 2800 1.191 21,40 0512 .oy 1o.00
1M scavenger - tiae | winute (11D 18.68 1.901 11.381 0.4t 0.008 2,481 13381 L1 e.012 2.4 19541 13.80 0.282 .54 4831 26.10  0.4% .75t 1.
1100 scavenger - tise | sinnte (1Y) 23 2.470 13.812 0.4t o 019 .21 14,587 .4 0.08% 2,901 2.1 1% 0.294 €082 1891 25.00 | X1 .10 11
Tior scavenger - trae | sinute V) 1081 £.501 15.321 0.45  0.007 2,161 18741 .82 0.0 1LY 20381 17,00 0.25 .55 2241 W 0.3 .21 15102
rint srasenger - tiee | sinute Y1) 7.3 2.2 1.9 0.45 0.010 L 2,011 352 0.080 .71 27,051 15,30 o.Me 407 .31 9 058 L2t 170
rine scavenger - Lree | minute (VID) 3167 .21 0.8 0.46  0.015 .720 28,741 410 013} 4,501 31,571 17,50 0.563 7.82  35.131  28.80  0.963 3.0 20.151

179.00 79,187 100.00Y 0.29 0.230 73,201 100.0¢1 2.34 2.027  60.0M11 100.001 3.9 60 HAOTL 100.001  28.60 22.4% 79.051  100.002
rocm shituted feed 98).81 8. M3 100,001 2.983 100,001 1.202 100,001 28.360 100,001

10-207 Copper activation and zinc flotation in nitrogen only.
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sasple reference

21nc rougher - 30 seconds
2inc rougher - 1 mnute

1inc scavenger - 1 sinute [
210¢ scavenger - | mnute 1]
21nc scavenger - 1 sminute Il
11nc scavenger - | sinute 1Y
11nc scavenger - 1 ainute V
21nc scavenger - 1 mnute VI
:1nc scavenger - 1 einute Vil

FLOTATION COoONDITI
pH activator Pre-conditioning callector
added type addition
g/t gas tise g/t
10,0 1200 mitrogen & mn  SIFX 30
10.0 - - - - -
10.0 - - - SIFX 20
10,0 - - - 51pt 20
10.0 - - - SIPY 20
10.0 - - - SIFY 20
10,0 - - - SIFY 2
10.0 - - - SIPX 20
10,0 - - - SIPY 5

ARINDING CONDITIONS:
30 minutes, stainless steel charge

1200 g/t z1nc sulphate

QNS

$lotation
gas

nitrogen
nitrogen

nitrogen
nitrogen
mtrogen
nitrogen
nitrogen
nitrogen
nitrogen

10-207 - Copper activation and zinc flotation in nitrogen only.

¢4
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SOLIDS MASS DALANCE COPPER W35 BALANCT LERD MASS DALANCE 1INC MASS DALANCE TRON RASS DALANCE
sasple sass pull copper copper lead Jead ne 2inc iros rom
we1ght sasple total assay  enits recgvery assay smits recovery assay  saits recgvery assdy waits recover y
sasple relerence stage  total stage  total stage  total stage  total
bull rougher - 2 mimutes 33,54 .1 Nt .66 0.131 43350 43,351 %06 0.284 1.3 13 673 0381 .01 S0 B 1LY 0120 i
bulk scavenqer - 2 sinutes 130.70 12,741 11.%1 0.53 0,068  21.051 44492 2.9%  0.380 10,831 16.021 393  0.50! .27 1311 310 asel 1.5 23101
710t rougher - time 36 seconds 322 Ja 21191 0.37 012 341 AR.1BL 7.24 0234 6.56T  20.381 30.40 0.MM 14,391 26,751 1410 0.521 1.0 2380t
210c rougher - tiee | sinute 36.52 3.561 24,051 030 0012 J.ze1 71,91 .98 0.3 0.95T 33531 2840 1011 14481 41432 12.% oD 238 aom
it tongher - tise 2 srautes A an 27151 271 M 0.29 0008 .1 4451 B8 0233 332 001 2.1 LN 10.030 51,41 10.%0 058 L3 2om
Tine rougher - tise 2 minutes B 1.9 1.751 29.281 .27 0,005 1,481 75,931 .78 0110 L33 ALt 2330 o408 .93 .31 210 0370 1301 3ot
1tnc scavenger - ti1se 30 seconds 2.4 22.261 51,52 0.14  0.03l 9.731 B3.671 3.48  0.MI5 22011 66201 B 9% 2,001  29.061 85.4ST  35.00 9.014  28.281 U 01
7100 scavenger - tise | sinute 119.55 1651 #3.172 9.15 0.647 S50 M.I3T 2,70 0.M1S .01 75.M1 5.0 0.5%% 0.611  95.081 30.40  4.9% .20 5.1t
7inc scavenger - tise 2 @nutes A " 4721 1.1 .15 0.007 .21 9L.341 2,32 e.100 L1 8071 20 0.9 2197 .81 1Y 1L 66050 02151
nnc scavenger - Lise 7 oinstes B .19 2,011 49958 0.6 0,003 1,031 N.ITT 2.4 d.0M L2 7uY 2.4 0.051 0701 97.991 .36 oM 71 s
tinat tails 308.30  30.051 100.001 0.06 0.010 S A3 100,001 2.46 0,737 20.471 100002 Q.46 0.138 2,017 100.002  §4.20  A.247  15.041 100.001
reconstituled feed 1026.07 0.320 100,001 3.572  100.001 .07 100,001 20.335 100,001
TES! SINMARY: sasple a3ss pull topper recovery lead recovery 1314 recovery ren recovery
werght casple tota) assay 1 stage  total assay 1 stage  total assay 1 stage  total assay 1 stage  total
buld (lotation 1929 17.981 17.981 LIS be. M1 be.A4L 1.8 1541 18021 74 123 1 3.3 201 230
11nc rougher flotation 113.9% 11.301 29,252 0.3} fLamr 5t 8.02 25371 @311 7.4 85,01 511 "y 7351 .02t
im0 scavenger flotation tise 0 1.3 ain 347.96 33911 83171 0.14  15.1M1 91.131 133 3tz 15.001 7.85 31871 9s.081 37.17  s4er 15
nnc scasenger {lotation tise 1.5e1n¢ .81 s.78 89.951 0.13 Lt wIn 2.2 301 uin I3 .93 97.991 na .41 MM
f1nal flotatiom tarls 308.30  30.052 100.004 0.06 5.631 100.00F 2.4 20.491 100.901 0.4 2,011 100.001 14,20 13.061 100.001
10-208 Bulk Cu,Pb, pyrite flotation in nitrogen, zinc flotation
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sasple reference

bulk
bulk

21nC
it
Zinc
inc

zinc
Z1nc
unc
unc

rougher -
rougher -

rougher -
rougher -
rougher -
rougher -

scavenger
sCavenger

scavenger
scavenger

2 sinutes A
2 sinutes B

30 second
! ainute

2 sinutes A
2 sinutes B

- 30 seconds
= 1 minute

- 2 ainutes A
- 2 a1nutes B

FLOTATI DN

pH activator Pre-conditioning

8.5
8.5

10.0
10.0
10.0
10.0

10.0
10.0
10.0
10.0

added
g/t

collectar

type addition

gas tise

nitrogen 20 min SIPX
- - SIPX
none San  SIPX
- - SIPX

GRINDINE CONDITIONS:
30 minutes, stainless steel

1200 g/t z1nc sulphate

g/t

50
30

charge

CONDITIONS

flotation
gas

nitrogen
nitrogen

n1trogen
nitrogen
nitrogen
nitrogen

nitrogen
nitrogen
nitrogen
nitrogen

10-208 Bulk Cu,Pb, pyrite flotation in nitrogen® zinc flotation
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saegle reference

ball rousher - 2 prnutes
bulk scavenger - 2 ernutes

nne
nee
H L
1nac

rougher - time 30 Seconds
rougher - tise | sinute

tougher - tiae 2 srnutes A
rougher - tioe 2 sinutes B

Timg
ine

scavenger - tiee 30 seronds
scavenger - tise | sinete

final tarls
reronstituted feed

TES! SUMARY:

butt {letation

ine rougher Flotation

2ine scavenger flotatien tiee 0-4.9 ann
final flotation tasls

S0LI0S MASS DALAMCE
casole sass pull
we1ght sasple total
RLINDC B N s S LIRS ]
4a%.% 3T aL0ez
82 3° [ LA LM
3545 38T St
0.92 7 %1 56.08
14.75 1.327 58.00
19.8° 2052 40 002
2%.14 3.000 43081
359.43 34,941 100.001
072.45
sasple 0259 pull
weight  saeple total
420.20 44,041 44,001
135.71 15.%1 38.001
4903 3,041 43001

350.43

34,967 190.001

COPPER MASS BALANCE
copper {opper
#4353y waily recovery
1) stage  total
o8& 621 Ml "1
04  0.01 .87 90,001
0.2%  0.015 4471 Bt
025 9.0 2,97 8 *§)
0N 0.004 1.0 et
0.22  0.003 1,001 9.2
0.17 ¢ 003 1.681 90,851
0,005 L nm
0.07 0 0% 1.72t 100.001
0333 190,000
copper recovery
assay 1 stage total
.41 80.00 90,001
®24 LA (RO N}
(1] 2411 n.m
[ K} 7.12 100.001

LEAD MASS DACANCE
lead lead
assay  wmits recevery
[} stage teta)
.78 2,082 47 8%1 4891
302 023 .18 Te.0N1
.9% 0Nt L5 109
AL X ] L R
24 0.0 201 851N
L1 60 0.87T #s.001
1.9 000 .21 .
1.0 0% 1.0 09,451
0.90  0.333 10 651 100.001
3.867  150.001
lest recovery
assay 1 stage  total
3.9 ntn reon
.18 .91 .M
1.92 LISt evast
6.7  10.851 100.001

1IN MASS BacAact
nm E3T 4
assay  mmits recavery
3] stage  total
4.9 1.7% 0.1 u.m
[ R 1G] [N S, B TH
435.20 2% 3 W%l
31,20 1211 1.1 et
.10 .54 7.1 .33t
1.5  0.1% .51 Lnt
.60 0 0% 1 a0
.97 Lom .1 LI
.92 o.19 .01 100,001
1.387  100.00T
L4 recevery
asay 1 stage  tetal
.00 29.061 20.0d1
LT T e
1.8 24 .M
0.52 28T 150,001

1F0d MASS S ACE
rom irom
assay waits recovery
3] stage  total
q0.10 1S 033 .01 UM
35.30 1.521 s 00N
nre o 1m o
1% 0.5% 1.901 44 87
2 T ) .80 o1 IM
30.00  0lie 1.000  40.70%
nw» e 2t n
.30 Ll Tt
1.5 1.2 20,030 100 00U
2.0 100.00
1ron recovery
assay 1 stage  total
3083 M3 401N
"B LM am
N [ X5 S I e §
19.50 24.831 100.002

10-209 Nitrogen conditioning, then Cu,Pb,pyrite flotation in

and zinc flotation in air.
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FLOTAT 1 ON COoONDTITI1 OMNS

pH activator Pre-canditioning collector flotation
sasple reference added type addition gas
g't 9as tine 9/t
bulk rougher - 2 sinutes 8.5 - nitrogen 13 sec  SIPX 50 ar
bulk scavenger - 2 sinutes 8.3 - - - SIed 30 ar
zinc rougher - 10 cecond 10.0 1200 none S mn  SIPX 30 anr
21nc rougher - ! ainute 19,0 °- - - - - ar
21nc rougher - 2 sinutes A 10.¢ - - - - - ar
21nc rougher - 2 sinutes B 10.0 - - - - - arr
zinc scavenger - 30 seconds 10.0 - - - SIFX 30 alr
21nc scavenger - 1 sinute 10,9 - - - - - anr

GRINDINE CONDITIONS:
30 sinutes, mld <teel charge

1200 g/t zinc sulphate

10-209 Nitrogen conditioning, then Cu,Pb,pyrite flotation in air

and zinc flotation in air.
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sasple referente

SOLIDS MASS PALANCE COFFER MASS BALANCE LEAD MASS BALARCE 1INC MASS BALANCE

sascle 053 gull copper corper lead leas nne FTLYe
weight sascle total assdv  units recovery 5%y unity recovery 558y wnily recovery
tgrams) ($1] st total m stage total [}4] stage total

bulb rouster - 2 ainytes LR T A e S MY 037 245 TSl 7S TEL N34 2306 0871 88.411 LI LS e st
bulk scavenger - 2 aiactes 13870 14290 51311 0.21  0.030 L 05,031 LM 0.SH et Sl e 1333 It 39 0t
rinc rousher - tiee 30 seronds 72 48 7 4°1 44 801 020 oM 4631 D661 1.2 0 0% 2.050 % M 3 33e LLURR{ O [P (01
1ine tougher - lige | sinwte 20.49 2877 &7 431 .27 0,000 231 201 218 0.08) 1L.02Y 9781 27,00 0.780 10,231 .54
110r rovqher - lise 2 sinutes A 2.« 2 M1 5,001 .26 0 00 1.BST 93,07t 242  0.08! 1.0 %581 877 0,208 P} B ) Moe
16c rougher - tise 2 sinutes 12.94 .33 nam 0.21  0.90% 0.001 %7 2.40  0.032 9.931 235 LA 4043 .11 .t
1inc stavencer - tyee Y0 seconds nu 14t .15 0,002 0471 95.411 1.82 00 0.791 93121 2,03 603 sl 9
1inc <cavenger - tiee ) minste 10.75 1 11T 7138 0.16 0 002 0.35%  93.%@ 1.8 6,020 0.1 S35 e 0013 0.1t .11
final tarle 0400 26,171 100.001 0.03 oec1) 1.641 100.001 078  0.204 .07 100,000 0.4 0.120 1611 100,901
reconstituted feed 970.8 0.32¢  100.001 3361 100,000 1.4 100,001

TEST Sumagy: sasple 0aes pull copper recovery lead recavery nnc recovery

weight  sasple total assay 1 stage  total assay I stage  total #53ay 1 stage  tota)

heib flotabion 3540 5231 s 048 @03t 05.0%1 49 B oesau S el 301
e rougher flotation 135.52 13 %1 023 AN ]} L T4t 251 M43 W e
20 ceasenger flotation tise 0 1.5 mn 4.8 .51 .8t 0.13 1221 95982 1.0 .37 1.9 1.43 0.57T 9 M
final flotation tails 250.08 26 171 100 00 0.05 4,001 100.001 (8] ] §.07F 100.001 0.% 161 100,002

[14.]
858y emits
1y
LU L TIRAY
AL T T Y o )
12.20 o.%Y
W% 040
e 0
3% 043
3510 0510
3.0 0.3
1.9 L.In
2.1
iroa
a8y 1
n.e
19.24
34,02
1.9

1P MAST DAL NACE

iroe
TeCOvery

stage

5% 01
17 391

mm
11
.50
1.501

1
1271

10.992
100,001

total

3¢ nad
74.451

7N
nw
[ U1}
n w5

M
[ LN}

160. 001

reécovery

stage

76481
[}
.en

10.991

tota)

nam
fn.wa
.o
100.001

10-210 Nitrogen conditioning,. then Cu,Pb,pyrite flotation in air,
followed by nitrogen conditioning and zinc flotation in

alr.
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FLBTATI DN CONDITIODNS
pH activator Pre-conditioming collector flotation
sasple reference added type  additics gas
9/t gas tise g/t
bulk rougher - 2 minutes B.5 - nitrogen 3 mn SIPX 50 ar
bulk scavenger - 2 sinutes 8.5 - nitrogen 3 mn  SIPX 30 ar
z1nc rougher - 0 second 16,0 1200 none § mn SIPKS 30 arr
21ac rougher - |1 snute 10.0 - - - - - air
Zinc rougher - 2 ainutes A 10.0 - - - - - arr
21nc rougher - 2 mnutes B 10.0 - - - - - anr
z10c scavenger - 30 seconds - - - SIPXs 30 ar
11nC scavenger - | sinute . - - - - - ar
BRINDINE CONDITIONS:
30 sinutes, s11d steel charge
1200 g/t z1nc sulphate
NOTE:
Nitrogen added during xanthate collection period
1n z1nc flotation stages. tsee §)
10-210 Nitrogen conditioning, then Cu,Pb,pyrite flotation in air,
followed by nitrogen conditioning and zinc flotation in

air.
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bild rougher -
bult rougher -

buld sca.enger
Sulb scarenger
2t 1 Dugher -
nne togher -
110t rougher -

10t rougher -
2100 scavenger
Tinc SCavenger
final tarls

TESE HimmaRY:

halt ftotation

I -

sasgle referente

reconstiluted foed

petate {lutation

SOt DS mASS BaLANCE COPPER MASS DALANCE LEAP 2555 SALANCE TINC RASS DAl MiCE IRON MASS BAL AACE
saen|e eacs pull copper copper tead leac nm i trom irom
we1ght saegle total assay  enits recovery assdy  units recovery assay  wnls recovery 43say  wnits recovery
1gr ae%) 1 stage  total bt stage  total B stage  total }1] stage  total
2 s1nutes (A} (TR T} BT W 1} P& 023 7z ar 2l IS LIBR O ALMPL BT MY ®0S 1 eT 194 19T N1 48 1T 1
? srnutec ‘B) 89 07 6971 23,181 9 9 020 171 R.a3r A8 0 28% 0.851  75.971  10.10 0.704 §241 28481 370 2.3%0 8300 3
- 7 sinutes (A) B2 821 31382 013 oot 1251 BE AL 206 0.180 S MOS0 5w 13 LT 37100 Loee2 101 WS
- 2 sinvtes (M) 15.03 1 931 32.901 0.13 0002 0.601 92,291 .34 0.63 1.091 B2 241 1150 0. 21 .50 29.30 0 s 1511 37632
tise 0 coronds £0.75 5121 B ot 17 0 00% 2.661 B4 951 0 Y0 0.045 1 431 BI.e51  48.30 2.373 M.GT vt 1330 LIl L 27 80"
tise | sinute 42 01 20 2711 018 0 007 2071 7o 1 8 0 054 166 B3 M1 31,20 1.33 17 W1 8 Ol 20.00 0.540 295 41591
tise 2 sinutes A 3872 1911 4182 0.13  0.008 1,791 B8 Bil 142 0083 1942 87261 1740 0 480 2920 SR 2920 1 W42 s031 MM
f10e 2 sinutes B 2.10 281 WA 0.13  0.003 1.021 #s.ar 17¢ 0.030 1,191 BB A4S 4.62  0.103 1351 9.2 N.300 om0 2851 90 482
~ tise 30 seconds 0.8 LI 5Lt 0 0° 6 004 1,131 %0 91 0.%0 0.037 1.131  09.%581 1.98 0.044 0583 97031 43110 1.170 251 s
- tise 1 minute . 3491 56.21% 0.0y  0.003 1,011 91.°87 6.90  9.033 1.021 90 401 0.8 0.030 0.191 98.201 42.70  1.57% 3% a2.Mm
A3V 70 43,791 100 001 0.06  0.024 5.020 100 001 0.70  0.307 .01 10,001 0.31 0.1 1.781 100,001 24,40 10 485 37.711 100,001
990 39 0.328  100.001 3.261  100.001 7.425  100.001 332 10t.000
casple wass pull copper recovery lead recovery rac recovery 1ron recovery
weight sanple  total assay 1 stage  total assay I stage  tota) assay 1 stage  total assay 1 stage  total
29467 23181 23,181 B .81 et 1048 73,971 5.9m 9.3 881 78 481 e 2.9 k.5
% 2% 9771 32.%01 0.3 3.0 2.9 2.10 $.2711 B2.241 1.8¢ 10021 MU0 35 88 12.311 3881
Ziac sougher {lotation 153 58 15.511  #9.411 o1 7.541 8% 8N} .3 $.217 86,451 .09 S8 747 92.251 un 12 651 30,482
2snc stacengar flotation tiae 0 1.5 sin 171.23 7.801 Ss.1 0.0 2141 91,081 0.%0 2,131 90.601 0.95 01 9.2 Q.99 nm am
fanat tintation tarls 433.70 43,791 100.001 0.06 8,021 100 001 0.70 9.402 100,001 .31 1.701 100,002 2000 37.7111 100.001
10-211

flotation in air

Bulk copper,lead,pyrite flotation in nitrogen then

zinc
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saaple reference

bulk rougher -
bulk rougher -

bulk scavenger
bulk scavenger

zinc roughe. -
71nc rougher -
21nc rougher -
zinc rougher -

2INC sCavenger
Zing 3cavenqger

monutes A
mnutes B

3

- 2 minutes A
- 2 mnutes B

30 second

) mnute

2 ainutes A
2 etnutec E

- 30 seconds
-~ { mnute

F L

pH

ot

8.5

SDP

enorn

10.0
10.0
10.0
1.0

10.0
10.0

6T ATION CONDIL T
activator Pre-conditioning collector
added type  addition
g/t gas tise 9/t
- 10 min SIFY S0
- - - SIFX 30
- - - SIPLs 0
1200 none Imn SIPKE 50
- - - SIPXS in
GRINDING CONDITIONS:
30 ainutes, mld steel charge
1260 g t 21nc sulphate
NCTE:

C NS

flotation
0as

ar
arr
arr

air
air

Nitrogan added during <anthate .onditicring period !see ¢

10-211

Bul< copper,lead,pyrite flotation in nitrogen

flotation in air

then

zinc
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SOLIDS MASS BALMICE COPPER MASS BALANCE LEAD MASS DaLANCE 1int MSS PALMNCE 1R0N MASS BALANCE

saenie [TI1 N TR copper topper lead lead 1nc 210¢ 1ron ren

weight sasple total aTsdy  anits recovery 4553y ety recovery assdy  enits recovery assdy umits recovery
saeple refervnce tyrans) (34} ctage  total n stage  total n stage  total bt stae total
balt rougher - 2 grnutes 195 00 IB.661 18,882 P12 020 45020 (S.721 10.40 1940 SO.5.1 50531 T y.3e8 15.000  15.001 3010 S.a16 23400 2R &0
bulb ccavenger - 2 minutes 115.28 11,031 29,492 0.32 0.035 11.101 74,027 10.00 1.103 2.3 10282 052 0.940 10511 25.54r 3% 1.564 15,063 30.081
Priite conc - In scavenger | 1.5 1011 30.6% 0.3 oM a1 e 343 0.035 o.M A1 W0 0.0 4t Am (O LI TS Y S TT S T P
pyrite cont - In sravenger 2 638 063 31T 020 0002 0.571 78541 302 001 0.501 89 eST .09 o 2 AT R 0 eae el v
pyrate tinal cont (1n scav tarls) 32 M.t s2.281 011 6.035  10.68r 89821 L.8T 0525 13471 I3 4% 2.180 26 251 SE.S8L 35 50 11.ATS 6211 ee.05T
prrate tghr concenlrate 5.0 33011 0.12 12.591 1.15 15.072 0.3 3o 15.54 "3
7ine tougher - tree 310 econds 150 §.350 e7.111 0.17  0.007 23 9741 0.7y .01 0.851 CABL W40 2193 4.5 e.in 805 0.5 LT oS
1ac rougher  biae | agnute .02 2300 %A1 009 000 LY 9LAZL 0.9 0.022  0.5K1 95001 4030 0% 10351 #1452 1.0 .23y e s
1 rougher - tiae 7 sinutes B.73 LN 70911 023 0603 LM 90201 120 0010 0501 eI 230 0.2 6261 Wt 1noe 9208 e N
21nc scavenger - tine 30 seronds (B} 1.2 7211 .22 ¢.003 0.871 f5.07T 1,47 o018 .48 9472 12.30 0 154 1.7 92.%1 168 o . 22
10¢ scavenger - tise | sinute 13,08 1.2 7%.421 0.19 0,002 751 95.821 1.3 e 0481 Ul S 000 0.787 90.721 1590  0.199 [ X} S AT}
final tals 277,84 26.581 100.901 0.05 0613 4102 100.001 0.41  0.10¢ 2.84T 100001 03 014 1.200 100001 &.17 L840 4891 109.001
reron-tiluted feed 1045.23 .38 100.001 3.83%  100.001 8.938  100.001 25.79%  100.001
TEST SUNMARY: sanple eass pul) copper recovery lead recovery nc recovery tron recovery

weight  sasple total assay 1 stage  total assay 1 stage  total assay U stage  total sy 1 stage  total
bulk fiotation 31020 29.491 29.492 0.82 75821 b0 10.75 19.261 79,281 .70 25.541  25.%4 NP0 3R.HAT B 4
pyrite flataticn-rougher concentrate 343.70  33.071 82.751 0.12 1.5 eran L7 s.en wm 8.30 3081 %54 NS wm moesy
10t sougher flotation 05.24 8.181 70.91" 0.1 L7 %0 .% 1.9 .01 43.48 3601 %2 .5 LI 9w
2inc scavenger flotation tise 0-1.5 an .17 2501 7.4 0.21 L6 95821 (BL7 S R 7 ST 0.9% 291 W 03 L ovan
f1mat flotation tarls 1.0 2 582 109,001 0.05 4100 100.001 04 2001 100.00t 0.3 1.281 100.001 017 bEn 100,000

10-212

Bulk copper,lead flotation in air, then pyrite flotation in

nitrogen with zinc reverse cleaning, finally zinc flotation

in air.
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FLOTATION CONDITIONS

pH activator Pre-conditioning collector flotation

sample reference added type addition gas
g/t gas tise o/t

bult rougher - time 2 minutes 8.5 - air 10 ;an  SIPX 50 ar
bulk scavenger - time 2 minutes 8.3 - - - SIFX 3 air
pyrite rougher - time 2 arnutes A B.3 - nitrogen 2 min  SIPX H mtrogen
pyrite rougher - t10e 2 enutes B 8.5 - nitrogen 2 min  SIPX S nitragen
pyrite rougher - time Z minutes C 8.5 - nitrogen 2 mn SIFX 3 n1trogen
pyrite rougher - tise 2 minutes D 8.5 - nitrogen 2 min  SIPX b n1trogen
21nc rougher - time 30 seconds 16.0 1200 - 5 an  SIFY 50 arr
zinc rougher - tise | enute 10.0 - - - - - air
21nc rougher - time 2 sinutes 10.0 - - - - - ar
2inc scavenger - tise 0.5 sinutes 10.¢ - - - SIPX 30 air
21ng scavenger - time | mnute 10.0 - - - - - ar
21nC reverse rougher - 1 sinute 10.9 200 none S ain SiPX S0 air
TINC reverse scavenger - 1 ainute 10.0 - - - - - ar

ERINDING CONDITIONS:

70 asnutes, e:1ld steel charge

Iinc Sulphate, 1209 g/t

10-212 Bulk copper,lead flotation in air, then pyrite flotation in
nitrogen with zinc reverse cleaning, finally zinc flotation

in air.
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177 NASS B ANCE COPFER MASS ALANCE LEAD MASS DALAMCE TINC BASS BALANCE TRON MASS DALANCE

sasple e3¢5 pull topper copper lead lead nnc 2ne wron ron

weight sasple total assay  umits recovery assay oasts recavery assay  enits recovery assay wmts recovery
sasple reference (yr ans? 13 stage  total 184] stage  total [}1] stage  total (2] stage  total
bulb rougher 2 sinutes 136 07 12 781 12.081 170 0205 64961 &4 961 16.80 2,030 £2.201 42.2001 .20 0.99% 1] C4Y 11,081 2540 3070  12.%41 ,2.%41
bult < asenger - 2 sinutes 72.59 6 741 18.832 0.33 0.0 0321 73281 533 0.35% 11,031 32T 11.40  0.769 8.531 10571 29.40  1.Y% i:;n 20.691
pyrate cone - In scavenger | 15.52 1,441 20.271 6.2t 800} 0.961 70201 141 0.0} 0750 73971 .20 0.4Y 1.071  26.441 14,50

. .92 . . . 26, . 0.2% . L)

pyeite cont - In scavenger ? 13.5¢ 1,261 20.5%2 0.22 0.0 0.087 75.12Y L% 0.0 0.761 74482 3150 0.423 46907 3.1 0% %Y : ::: 3; :0:
pyrite Cinal cone (In stav tanls) 40810 7921 59.451 011 0082 11191 BO.MIT  1.48 .56 17.197 G107 4.0 1043 20 41 51781 40 SO l5:356 62.721 ;5.‘21
pyrite rghr concestrate 431.1 0, 9.12 15 o1 1.50 18.861 1.15 32191 30.9% u:m h
21nc eoughre - tige 30 secrnds ».n 3651 43100 0.16 0,004 1.850 90.151 0.83  6.030 0.931 92801 50,10 1.630 20 30p 2082 942 03 1LY 6.2
nrc congter - tine | stnnte 0°.v 3951 47.05° 019 0.007 LI .50 1,02 0.040 1.2 96001 41,70 1.645  18.251 °0.M1 12,40 @ !!; 2;‘0£ !!.b!l
1ine reugher - tise 2 atntes 22.% 2,101 %132 0.19  0.004 1281 93,781 LM 0030 0.921 9491 20.50 0.555 6161 95,471 1640 0.348 I.!Zl 'o'm
2ine <13 enger - tise 30 seronds 17.47 1887 79T 0.22  0.004 1.0 94971 145 0.020 0731 S5.4°1  8.06  0.132 1471 .°11 17,80 0.297 11N .29
nunt <ra.enger - tige 1 ainnte 12.92 .29 7.9 0.17  6.002 0.657 95571 1.45 o017 0.330 96,227 4% 0.055 0.811  98.341 14,40  0.1°¢ o011 92,111
nae < s.enger - tise ? sminutes 0.00 0.091 .99 0.18  0.000 0.001 95.5/1 0.0 0.000 Q.00 S.221  0.00  0.000 0.001 98.541  0.00 0.000 0.001 9|.2°l
final tais 301 S0 T28.011 100.001 605  e.014 4431 00001 0.M 0.123 3781 100001 0.47  0.132 1 481 100.001 4.9  1.93% .81 M.n
reconst:tuted feed 1078.31 0.316  190.001 3.260 100,001 9.018  100.001 20,483 100.001 )
TEST “urmnky: sanple 0ass pull copper recovery ledd recaovery unc recovery 1iron recovery

weight  sasple total assay 1 stage  total assay 1 stage  total assay 1 stage  total assay 1 stage  total
bult flotataen 202.66  18.B31 10.831 .23 .20t 7.8 128 A 21 .37 w3571 1.5 26.%  20.411 M.4%
pyrite flotation 37,21 40471 59.451 0.12 15021 e8.311 136 18881 %t 705 2,191 5L 18.9% A6 5.
2ant e nugher flotation 10¢ 33 9700 #9.15L 0.10 S.481 et 1.0 3.091 94,981 0.5 Wi % 1.0 L0 .10
rinc sca.enger flotation tiee 30.59 2.0 .99 .20 LM 5N L8 Lt e 50 2011 ®Su PR 2 o
final tiotation tarls 301.50  28.011 100.001 0.05 4,431 100.001 .4 3.70r 190.001 0.47 1.461 100.001 4.% 1.0 |00:001

10-213 Bulk copper,lead flotation in air, then pyrite flotation in

nitrogen with zinc reverse cleaning, finally zinc flotation

in air.(repeat of test 10-212)




tét

ful

sasple reference

bulk
bulk

pyri

pyri
pyri
pyr:
pyr:
pyri
pyri
pyr3

21ng
2inc
inc

2ng
Zinc

E3 1114
Inc

rougher - time 2 mnutes
sCavenger - tise 2 einutes

te rougher - tise 2 mrnutes A
te rougher - tise 2 mnutes B
te rougher - time 2 minutes C
te rougher - tise 2 sinutes D
te rougher - time 2 minutes E
te rougher - time 2 minutes f
te rougher - tise 2 minutes 6
te rougher - tise 2 sinutes H

rougher - tise 30 seconds
rougher - tise | mnute
rougher - tise 2 sinutes

scavenger ~ tise 0.5 sinutes
scavenger - tiee 1 minute

reverse rougher - t sinute
reverse scavenger - | sinute

FLOTATI 0N

pH activator Pre-conditianing

- - -]
- -
N

-

wLn ;.ﬂ rhewn ra LR h

10.0
10.0
10,0

19,0
1¢.0

added
g/t gas

h ar

- nitrogen
- fuitrogen
- mtrogen
- nitrogen
- mtroge:
- nitrogen
- nitregen
- nitrogen

200 none

t1ae

10

[ X N N I N N B K R IV N )

wn

aln
nn
an
ann
aih
an
an
an

ain

CONDIITIONSTS
collector tlotation
type addition 9as
o/t
SIPX 30 ar
SIPX 20 ar
51K 3 nitrogen
SIFX 3 nmtrogen
S1P1 3 nitrogen
SIFX 5 nitrogen
SIFX < nitrogen
51F} b] nitrogen
SIPY b nitrogen
SIPX 5 mtrogen
SIFY S0 air
- - air
- - air
)] 30 air
- - atr
SIPX 8 air
- - air

SRINDING CONDITIONS:

30 mrnutes, mld steel crarge

Lint Sulphate, 1200 g/t

10-213 Bulk copper,lead flotation in air, then pyrite flotation in

nitrogen with zinc reverse cleaning, finally zinc flotation

Ta 37 e sevane

For N~

AR Sl
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SOLIDS MASS BALANCE COFFER MASS BALANE LEAR MASS MCMICE LING MASS PACANCE 1P0N MASS SaCANCE
saetle wse putl topper copper lead lead 2ne
i ba1.14 ron rom
wei1ght sdeple total sy wmts recovery assay smits recovery assay unity r !
vcover
sample reference tgrans} stage  total stage  total stage ' Q;[“ s m;:m';" 1
s ota
Buly rersher  tise 1.% pynutes 20 20 250m 250 14 0.0 .87 471 12.50 0.112 4.822 .40 7.1 0.178
. .42 .12 . | R [ § S NN
bulk scacenger - tiae 1.5 ermutes $0.30 WML 1T 19D 0183 ML SILIIL A340 TAES S6O ST w0 omi  pam 13 a:z ; :; : :g 3:;: ™ o
Syrite roadher  f1ee 2 minutes A 38.80 1.2 18182 03 .01 10.I51 HA06T  1L.EO  0.652  12.561 71.291 1w o2
N :~% . . 1 K ITS L 105 e gn an
pyrite tongher - Y1ae 7 minutes § “.0 5911 24 ng1 9.30  0.018 €897 s6.080 651 0.3 .3 B3 e .50 5 vy ;5 5‘: 1: Fn e o !."5!
Brrite 1omher - time 2 munutes C METC 0L B4 a6 003 S ISUOT 288 04 A2 BLMI 105 Lo eee %oe: ;-'3(. e g nen
Prrite sougher  tiee 2 minutes D §500 10231 4B e 844 001 LT TRNT 227 0227 LIS 40T S0 0.5  ai 0% e Zﬁ, :::,3 :"20;
. . . 2.° . 3. I3 54 2.5
L rowgher  tiee 30 seronds X0 J.651 S el 0.0 1,681 80.651 2.0  0.0M 1.0°T B”.100 45.% 1.47¢
. BLY . . 17.91 647 N Y
ne rongher bies | ginute o 0% S 0 oo NPCLIE XA A B N 140 83,591 8.9 1. e 055 f: :uv |: :0 :.:!, L:EE 8 293
21n¢ rovaher  trse 2 ainutes 30 LS. 02 000 7ML B.EL LI 00 LOIL M N0 LG8 18 9.5 1540 sses  5em b
zing scasenger - Hiae 8 5 e1nutes em 1.201 40§02 0 0.904 1,151 85.041 9.054 0.79T %009y 4510 9,902 2.0
i B . 192 AT @AY 2, 9 2
21n¢ sca.enger - tine | minute G0 LAZBLUL 031 60N LKL LML LI 0.00 0.4 LGl 210 0.2 2tm e o ;: :fgi :023 ;',’ ~o:
! . 2. . N S § P
final tals 0.3 MOGL 100001 012 004 1236 100000 LD .50 I 100000 L1003 L 100000 1000 7.007 20001 190,901
test focd {reconstituted) 011,53 0.370 100,002 & 772 100.001 9.348  100.001 20,329 100,001
. eVeule L)
TEST Shmmky: saeple 0ass pull copper recovery lead recaver/ LS recosmry 1ron recs e
weight sasple total assay 1 stage total assay 1 stage total assdy 1 stage totat assay 1 stage ;nm
Sulb ot st yon %80 10.%1 10,047 OB AR A 101 .34 ST SR €% 1M 0.8 .95 1031 (6 1
Dyrite cougher flotation 1n nitrogen J05.30 3701 4m.e91 0.3 5.1 M. .90 21391 86102 1% e oon e s o st
ung tongher flotation 8]0.40 10,977 59401 . 8511 085,481 .95 4101 9. "o 0 %S ;1.3* 5.597 5;';«‘
2an¢ stasengrs 1intation 1.8 2.1 s 0.5 2161 8L L2 L e m 2 4 95 Bt et m :
tinat tarls 30903 18,087 140,002 0.12 52367 100.002 148 0321 100,001 LI e 100,000 1000 080 ;o:uﬁ
10-214 Bulk copper,lead flotation in air, pyrite Fflotation in

nitrogen, zinc flotation in air
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FLOTATIDN CeNDITIONS

pH activator Pre-conditioning collector $1otation

sample reference added type addition gas
g't gas tine g/t

hulk rougher - tise 1.5 mnutes 8.3 - ar 10 man  SIPX 50 air
bulk scavenger - time 1.5 minutes 8.5 - - - SiPx 30 air
pyrite rougher - time 2 sinutes A 8.5 - nitrogen & min  SIPY & nitrogen
pyrite rougher - tiae 2 minutes B 8.5 - nitrogen ¢ min  SIFY [ nitrogen
pyrite rougher - tiae 2 minutes C 8.3 - nitrogen 4 e:n  §IPX [ n1trogen
pyrite rougher - tise 2 mnutes ? 8.5 - nitrogen &4 min  SIFX 4 nitrogen
zinc rougher - time I seconds 10.0 1200 - S mn  SIFX S50 awr
21nc rougher - tise ! mnute 10.0 - - - - - arr
zinc rougher - tise 2 e:nutes 10.0 - - - - - air
zinc scaverger - tiae 0.5 sinutes 10.9 - - - SIPY 30 ar
zinc scavenger - tise ! minute 10.0 - - - - - air

GRINDING CONDITIONS:

30 s:nutes, mild steel charge

Iinc Sulphate, 1200 g/t

10-214 Bulk copper,lead flotation in air, pyrite flotation in

nitrogen, zinc flotation in air
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A

SOLIES M S BALANCE

(OFPEF MASS BALANCE LEAD MASS SaLARCE LINC MASS BaLaNCE RO BASS M ANCE
caenle 0133 puld topper copper lead lead e HLI
woight <aaple total 3ssar  ants recavery assay  units ‘ . e 1ree
sasgls reisronce ror zac) st total “';::e !’(;“l assdy wmits sn;:mve;;“l ageay  omts ,o‘;:"."!‘g \
ota
bull roegher  tiee 1.5 sinutec (3] 400 ¢ 007 1% o 2 QMOS0 L% N
M ? ¢ . . v , 1 28,141 59 .29 ! s .
Bulb 5ra euger - bise 1.5 einutes 12040 1 Y 3206 19.201 MLTL M40 2051 298 st g 2; : gsi i :; .i?f; 2:2 lxﬁscls 13 :ex g
N . L . 2 .3 20 S L A d
Lyrite srugher - time 7 minnles A J.on NRLH O [ ¢ 53 0.014 4201 46,191 30.50 0.287 LN Y+ SN IRO ST 2
pysite cugher  line 2 siautes B 15,99 197 22051 0.5¢ 9.0 279 M8 97T 9.50  L.170 .15 é:."i o ;;:: ; ,gl :"‘ ::l e AR
pirite coagher  tiee 2 ernutes £ @ g 1 04T 21,281 51 e.0ns 1,530 70,500 870 0,09 1481 % 93Y 9.1"' 1 :|3 :i 7 : 3. oo Lo
PITAte ruugier - tine 2 minutes § TN ML 0T 0.7 0T TLATL M 002 0L oot 1w o.om 0wy :snsi v:;g : :c: ;33 o
. . n. 0. .17 NUSEWNY)
A00 Teoguer  tige W ceconds 35 00 3 et 27,401 €17 fong 1820 72,991 .57 0.095 .51 n1: -
fing rangter  Syae | erauls S0 esgy 228 62 no; 285t TS.EAT 295 0.3 2.2t -i;sf ;:z: :::; ’(: :5: :: Sl L L A
1ng reogher  tige 2 minutee %40 3,001 15 0.3 e 2000 77881 LBL 0,118 188 76180 12,20 0.9 11.9"1 81 'l; :ilg : f:; 3 S;! .
NS . . M . R .8 nan
nec sraemter - tine 9.5 ainutes 18 19 .9 .19 LR 1 0 94 270 19 MY A 0.08) LMY 77 90 a0y -
2Rt se3 enger - time 1 minute 18,20 §.9°1 19.181 [ 0.005 1.501  80.611 4.9 0.098 1,562 79,071 ;7'13 :;:g : sfi ::;e: ;:':: :;i; ;.““\1 3.0
. . Q2 . . .95 N1 v
final tails S75 B0 §9.821 100,001 0.11  0.067  19.391 102.001 214 1.302  20.931 190 201 L4 0.4 B.A1T 300 001 20,80 15.084 62,571 100
. . \ . AN .00t
tect ford {reconstituted) 945.70 9.345 100,001 6.219  100.001 0.05¢  190.001 20087 100,001
TEST SimmaRyY: sasple »ass pull copper recovery 1oad recovery
nne recovery !
weight  saeple total assav 1 stage  total assa 1 stage  total assay 1 stage  total a:'s:: ! st:;:m.'!vom
bult flatstinn 147,81 17,721 1722 .21 41.97T a1 21.44 o121 At
pyrite rouaher {lotation tn nitrogen 58 50 6.182 23,901 0.51 200 nan .54 9.482 70:&8{ IZ.:T l: ;g ‘l‘; Z:: e -l.' 211
1anc rongher flotateon LM 1 350 0.2 w4t M 5 S e T st s e
210 sta.enger Hlotation Bor e o.M 0.5 271 enent el e mem 0.8 1008 o0 v;'oz LI
final tals 575.80  49.827% 190.001 1 19391 100.001 L1 20931 199,001 LI LA om0 0 s:sg 1:';03
- . - 4% as Ba -
10-215 Bulk copper,lead flotation in air, pyrite flotation

&

zinc flotation in air.
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¢

3

saaple reference

bulk rougher -
bulk scavenger

syrite rougher
pyrite rougher
pvrite rougher
pyrite rougher

21nc rougher -
zinc rougher -
21nc rougher -

11NC scavenger
inc sCavenger

tise 1.5 mnutes
- tise 1.5 minutes

- tise 2 minutes A
- tiee 2 sinutes B
- tise 2 minutes
- tiae 2 sinutes D

tise 30 seconds
tise | sinute
tise 2 mnutes

- tise 1,5 ainutes
- time | ainute

FLETATION

ptt activator Pre-conditioning

o o
» .
N r.n

o P o
.
[Z BNW RS Ny,

10.0
10,0
10.¢

10.9
10.0

added
g/t

gas

a@r

alr
aiwr
ar
air

tine

10 mn

4 o
4 a1n
4 mn
4 ain

Jan

COoONDITIONS
collector flotation
type  addition 0as
g/t
SIPX 5¢ ar
SIPY 30 atr
SIex ) ar
SIex ¢ ar
SIPX [} atr
S1PX b air
SiFX 50 ar
- - ar
- - arr
SIPY 30 ar
- arr

GRINDING CONDITIONS:

30 minutes, m1ld steel charge

linc Sulphate, 1209 g/t

10-215 Bulk copper,lead flotation

in air,

zinc flotation in air.

pyrite flotation &

¢?
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SOLIDS AASS PALANCE

COFFER BASS RALANCE

LEAD MASS BALANCE

1INC MASS BALANLE 1P MASS pe ANCE

sasple  eass poll copper cooper leat leat rine nnc 1ron 1rom

weight  saspie tota! assdy  units recovery Is5dy umits recovery astdy  whity tecovery assay  umits recover
siople referonce (graes! [$3] stage total (3] stage tote: Y stage total o e !;“1
buld ramhor 7 eragtes 1SS 1L e IR P el o720 AT 13K 1% eSS ARSI a0 0.eee 1,001 1087 38 i M2 s 1o se
Sult 5iavenger - 2 arnntes 83.17 5011 21 22t 0.4 0,028 BB oL LA 0202 TS OTRNT 030 03 062t A% M2 2:!;2 [ Bre} SEpé/ 5:1
nne reaghee  tree I <econds nw 7 YL 28671 015 001 3 T9RNL LL36 0,099 I 78T 3580 2.3 IS4 S .70 108 A1 12 et
1180 rongher  tiee | sinate 52 80 .9 918 0.017 31t ez et LG .99 B1BI 20.80 1582 21481 7983t 1570 I:C!I 0-;’1 !; ’;l
2 pomgher o0 2 opne c A 2 S22 WML g 800y 2.oh S 68T $080  2MTOMLSST IS0 0 1LOM MLET 2500 L3 sqe ada
2ine remgher  tree 7 einutes B 28.5] 2,91 42 2% 018 0.0 14807 9,341 . 0.04° L3l G181 0% 0.2 TS N 200 ok 3. o "‘5@1
;e <asrege Hree 0 seronds 2005 2181 WMMT 0] eeM 11T oBRSH . 0013 1.0 82271 520 0113 LM W M0 079 e 47 9t
21nC crasenger Line | simnte el 3121 4.59T 0te  0.005 162 0oL L. 00 LATL G781 3% 0000 LB %051 .00 189S 420 S1.et
znc soovner - tise 2 einstes A VB OLAT NI 0 05 12 AL RIS 005 LI NS 200 000 LI WM B e Se s ot
10 stasenger  tine 7 einutes B .40 2851 3T 01 0003 491 922 L 0.012 LOTL 9LST 140 0.000 052 W21 L% evsy 3891 ;o 101
final tagle 11970 45,600 100.001 0.9 9.023 7.211 100,001 0.3 0 251 .01 190.00  0.20  0.17% 173 100,00 22400 19.2M  Yes1r 109.001
reconttutoted terd %2.81 0317 190 001 299 100,001 L3S 10000 LT A
TEST ommney saeple wass pull copper recavery 1ead recovery nne recovery 1roa recoery

weight sanple totai assdy 1 stage  total assay U stage  total sy 1 stage  total assay U stage  total
Sulb fintatinn MR . am LIE 76070 18071 10,60 75,371 7.1 L3¢ 2049t N9 BN nm rm
nne cmgher flolation w100 N 017 1L 8. L3 1008 8e.18t B Nt v 048 geem ae
T s avenger dlotation tise 6-1.5 min "9 603 4.5 et 2.7 .08t 145 a5 sa L19 e wasy . T s
tee <ovenger flatalion tise 1. 3mint (IR ] 0.07 sS4 0.13 771 97 191 1.2% 2851 91.%91 1.9 Lo %eore e s
fanal t1otation tarks Q70 0.4 100,001 0.05° .21 100.002 0.55 .41 100.001 0.78 1731 100.00 2.0 a1 rene0n

10-301 Standard bulk copper,lead flotation and zinc flotation.
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saaple reference

bulk
bulk

2inc
nnc
2inc
Zinc

une
2ing
nc
21nc

rougher -
scavenger

roucher -
rougher -
rougher -
rougher -

scavenger
scavenger
scavenger
scavenger

9

atnutes
2 mnutes

30 second

1
2

s1nute
mnutes A
1nutes B

30 seconds
! sinute

2 sinutes A
2 sinutes B

FLOTATIODN

pH activator Pre-conditioning

o oo
. .
w

10.0
19.0
10.0
1.9

10,0
10.9
10.0
10.9

added
g/t

1200

collector
type  addition
gas tise g/t
ar 10 min  SIPY 50
- - 13 (4 30
none S air  SIPY 50
- - SIFX 30

6PINDING CONDITIONS:

30 sinctes. mild steel charge

1200 g/t 21nc sulphate

CoeNDITI OGNS

flotation
0as

air
air

aar
air

nr

ar

ar

114

10-301 Standard bulk copper,lead flotation and zinc flotation.

£
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caapie reference

bulk rougher -
oult rougher -
bulk rougner -
bult rougher -
bulk rougrar -
bulk rougrer -

pyrite rsugner
gyrite rougher
pyrite rugher
oyvrite rouzter

210C fouaner -
11nC rovgher -
210E rcugner -
J1ng roagher -
110G roeangr -
IInT rougrer -

NGTE:

70 seconds A

-
)

TN 1Y = e

~
-

!

!

{ secongs b
sinute A
s:nute B
ainutec A

> minutes B

sinutec A
sinutes B

ninutes C
minutes D

USRI RN

t caconds A
v seconds E
sinute A
sinute B
sinutec A
s1nutes B

FLDOT A

pH activator

added
't

Soda ssr vsed for ph adyusteent during bull flotation

Lise usez far pH ad usteent c_ring zing tiotat:on

T 10N

(9]

Fre-cond:tion1ng

gas time

air 20 min

a1n
LG
a1
0

[}
- A

none 19 an

0 NDIT11 D NS

collector
type addition
g/t

SIP(/SAX 4y

17 (- 5RX

S1PY/SAL
SIFY /5AY

AL boon

SIF 1+ SAX
SIF1/GAY
SIFYSAX
SIF1/SAX

oo o~ o

SIPY-SAr 25

SiF1/SA1

SIFX/SAL 3

oo

BRINDINE CONDIT1ONS:

fiptation
[E

unr
ar
air
ar
arr

2% mnutes, s:1d steel crarge, S ml

150 gt sLiz-ur dioside

10-401

Bulk copper,lead flotation in air, pyrite flotation in air

and zinc flotation.

(A




(4o X4

saepte relerenre

dulb songher 10 cpconds A
Sutt tnugher  *® seconds B
Bull 1 mghes 1 sinnte A
bulb tamgier | qinnte B
dulb sguahrs 2 srnntes A
Wld o mgher 2 singles
ettt sopahier 2 smiantes A

p tite rannnes 2 sinutec
prette rovgher - 2 minntes €
pyrite rongher - 2 minytes B

pyrite cabr concentrate

e rangher
cgor ¢ amgher
nac sougher

tise 30 seconds
- tiee Y0 <rernds
- tine | sinute

tise | snute
v ranghee - tree 2 sinites
rin¢ rougher - tise 2 mtnutes

Tane s gugher

froal tale
recon tituted Jeed

TEST SHMRARY:

buld flatation

oyrite fletation

zine caugher flotation
final flotation tails

SOLIDS MRST BalANCE

saepie LELSN T

welght ssapis total
°f i 5281 528
oo Ty 5t
95 "0 S 17T 12,88t
FARRL) 4 |°I 17 1)71
18 % 5 871 22 °01
33 00 197 15 49

1 e 1811 20491
1S 7 T Iy e Ry
280 12 T A0 g5t
LI PR RRDSAN 1A P

676.60 Y% 481

9 4 4.98% 7151
MR L 217 v n
2.4 1167 70 447
23 b0 1 onm
" 2 391 74 0%
9.20 0 501 74,601

471 20 25,400 109,007
1854.90

sispie ®ass putl

weight sanple total
476.50 25 891 25 491
676 50 36 891 82171
221 49 11,940 M1
480.40  23.901 100.001

COeTEF MASS FALANCE

LEAD BASS DALANCE

copper copper feae leat
dee units recavery assay  saits recovery
L4 stage *otal ) stage total
.64 0 0RT W A °U 1 549 J9.011 3¢ o1
1.7 AAa e Y08 1958 0 eB2 12,431 23
[N 0 oSt 19 521 52.5%1 19¢2 0 Sl 13251 &% a0l
n @ LELAL] o582 #2151 .18 ¢ 301 7.5 1w
08 o0V 7.701 a.851 YE0 0 W T 281 80 st
048 0012 3.5 1.1 436 0118 3.081 B 4Bl
[ I ] RNR2 S L Y V4 U SO RN 1} 2.181 85 Bel
LT} o)t hERSS SR L Joont SEENR U 1 | 0 08 2,151 B8 ¢l
[T ) cetr 8e.8s1 1 00 0.,23 S.18r o) g8
01y 90N s9q1 90.801 0% 0.417 Lol
o 17.500 1.42 10,531
n 14 9 ng? 1 93T 92,791 0.72 0.0%% 0.921 o5 4
014 0 003 0911 93,781 0.8 0018 0.487 95 M
212 99 0T St 16 00N 0.351 S
0.1 o0 0 SIT 9e.ser 1.18 0,015 0.391 %5 333
912 a ony 0 82T 95.487 1.0% 0.023 0 651 96 981
012 0 o0t 0.171  95.851 1.64 0.005 0.147 92,121
0.06 9015 4152 100.001 O.44  0.112 2,081 100.000
0.350  100.002 3.800 100,001
copper ragovery lead recovery
assay U stage  total assdy 1 stage  total
.00 73301 73.301 12,64 03.481 87 ¢85!
¢ 17 11.501  90.80L 1,12 10.5311 ce4 21
0.4 1.68T 95,481 0.9 2,771 %5 991

0.06 4.521 100 o0t

045 3.02T 100,001

TINC MASS BALANCE

2ane nnz

assav  wmits rercre
n stage
LI L] 0.470 LI
8.52 0210 21
o 8 f 304 R}
10,18 0.4.6 L1}
1922 0.8%0 [ Jab
1050 0 28° 3181
8 34 0.3 3 49
4 0.398 [Bhe4
$ 30 0.45¢4 Tt
10 X .36 e
T4 28 Coy
4% 32 2.1, PRIFR
538 0.9 19 251
W2 0397 [
L 0.092 (BN
280 0.067 9.7
2.38 0.012 01

0.4 0.112 1.220 o
9.132 100,001

HLS recceer
assay 1 stage
9.61 LN
1.44 e m
32.07 41 911

0,48 L3511

rvy

total

e
AT H
17 842
1Y 0
T
27 01

W sy
JWTH
4 ooy
55 741

Y
total

27.031
Sh. 74
o8 651
20.001

1RO% BASS BALANCE

1ron nron
assdy  umts fe C.ery
33 stage total
Pl 1] 1778 81 4
Pel. | [ .66 T 8M
Y« 1,947 [t T - 0]
nx 1732 J €T 1o
nn | ton TTY W
M- NN | lar o wi1tt
Iy e [ 471
.1 NN [ LG -CHE M BN ]
AL 499 18 "1 46051
15.8% 1,440 19 1°0 22,841
36.95 $2.511
1.7e o R 2291 Bt
1.8 0749 097 85.8%
16.78 019§ LI M3 §
20000 0 "9 1,487 98 %Y
BS0 0 eR? 2,861 ©e 7T
.18 0149 0.541 91
580 2.0 R 711 100,001
25,669 100,001
1ron recovery
assar 1 stage  total
o100 0.1t 31Tt
1,95 2511 02 A
17 84 8111 90 <
%7 251 100.017

10-402 Bulk copper,lead flotation

nitrogen and zinc flotation

in air,

pyrite flotation

in




€0?

3

+est nuaber

sasple reference

pull rougher -
bull rougher -
bul} rougher -
bull rougher -
bult rougher -
bult rougher -

pyrite rougher
pyrite rougher
pyrite rougher
pyrite rougher

zing rougher -
710 rougher -
zinc rougher -
zinc rougher -
T1nc rougher -
:1nc rougher -

NOTE:

1

¢ ceconds A

70 zaconds B

1
1

4
4
n

mnute A
sinute §
einctes A
sinutes B

2 minutes A
2 mnutes 8
Z einutes C
2 sinutes D

' seconos h

[25 I I TR

Thoceconds B

ainute A
ainute 8
ainutes A
ainutes B

FLOT AT I OGN C

pH

o o0 0 O O
-
b ea e bt e hes

activator Fre-conditioning

added
gt

Scda ash useg +or gH ad,ustaent dur:ng dulk flotation

_i#e used ror pr adustment during z:nc flotation

gas time

ar 20 min

nitrcgen & mip
nitrogen 4 mn
ritrogen 4 min
nitrogen 4 ain

none 10 a1a

083 I T 1 ONS

tollector
type  addition
g/t

SIFY/ShY 40

SIFY/SAY 35

CIFY-SpY %
SIFv/SAX 5
SIFL'SAY ¢
SiPy SAY 4
SIFr SAY o
SIFV-53Y 4

SieyiSpr ZX

w
—t
O
-
v
P o
S
wnolown ot

GFINDING CONDITIONS:

flatation
gas

ar
ar
ar
a1’
ar
air

nLtrcgen
nitrogen
nLirogen
pitrogen

a1r
3ir
air
air
317
31"

25 sinutes, s1ld stesl charge, BRS ail!

150 gt sulphur gic :de

10-402 Bulk copper,lead flotation in air,

nitrogen and zinc flotation

pyrite flotation

in

¢4




v0?

SOLIDS MWASS BALANCE COPFER MASS BALANCE LEAR MASS DALARCE 1INC MASS BALANCE 1P0N RASS R ANCE

sasple pass pull copper copaer leat jead 2ne nc irom 1ron

weight sasple total assdy  umts recovery assdy wmits recavery assdy wmits recovery assay  weits recovery
sasple relerence [$4] stage total L4 stage  total [$4] stage total ) stage  total
buth s ovatier 30 ceconds A 101 10 J 06T 5 041 252 01t 2801 .81 W40 1430 301 20T 7.5 0.8 LT 45T M 10 L5 SR s §
Blb cougher ™0 coronds B .0 .80 5932 180 0035 0.947 41781 1%.60 0.0 .07 Lo L3 0,198 LY gt 0 eage 1.7 b0l
bulb rougher | sinute A $4.70 LT 104 117 0.07 N1 5L 1500 0489 13000 61021 10.30 O 39T 10 % 2550 0.3 dser v ger
bulb rougter 1 sinate B PR AT P 08 00U S w043 835 037 %761 7077 1030 0453 SIS 30 0190 Lsn asan
Sult rengher 2 inutes A 1) 45T 20001 047 00T% b0 82,230 SIS e LW 78350 10.20 9.1t LAT 2291 Wan LM Ty e
Pulk rougher 2 arnules B 0.3 2 2. 45 0.000 2.0 494831 L 0on? 2,031 #0.281 §h.10  0.230 272 2.6 N0 0.4% LT e
Preate rout  In scasemger | 167 0&1 2.9 04 0.0M  0.2T 49921 138 0011 0301 £0.581 6240 0368 01T 29 W 1140 0411 0.4 oS 431
pyrate tonr  In scavenger 2 2. 1211 28 142 015 0.002 4 79 IW . 0.02¢ 0.621 BL21T WM. 0.47% ST 355t 170 6207 .M et
pyrite conc  ’n ccavenger % 43.30 217 % 0.21  0.00% LD 756 2.3 0052 1380 82501 2.2 0.7 S.801 41051 2050 0.87% .01 %Ia
pyrite final rone Ul scav tarls) 315,80 5.1 5203 AT .0 124 2.1 L2 AN 0.3 %91 a0 0 S.001 4051 1150 9 a7 el av.SnL
pyrite ratr concentrate .60 .91 0.17 13,191 .34 10.441 S. 4 20.362 18.22 a.502
21nc enugher - tise 30 seronds 105.20 S.TL S22 616 0008 2031 WAIST 079 0041 LOBT 201 ALS0 2000 .11 L&Y 1020 0.57  2.9%1 Mh.eer
"ine rangher  tree O seronds % 50 2.3 59.57 0.4 0.003 0.°01 BS.73T A.7Y .08 0470 2301 42,60 0.0 1ML a0 10.00  9.252 LAl nm
1InC 1mgher tine | sinnte o, 1790 .20 0.17  0.003 0.741 8.471 102 001 0.4 92.%1 4100 0.4 270 .51 1130 e 0.9 n.et
ine rovgher  tree | ginute 8 50 1450 62,851 020 9.003 0.771 8Ll L2 602 0587 91531 2830 0.3 .20 5191 e s L. 1100 "S.e01
2ine rougher  ties 7 srnules .82 5070 4375 019 9.002 0.57v 8.741 L.57  e.01? 0.461 93991 12.9¢  0.19% .32 911 e.po 0.2 0.961 7S tal
21nc rousher  tise 2 sinutes 33.50 t.601 65.431 .18 9.003 0.491 88.431 1.33 9.022 0.517 94.581 .30 0.011 9.971 w9 27.% 0.461 1.95%7 7.
fimal tarls 490.40 34,371 190.001 0.3 0.045 11,571 100.001 O.5% 0.204 3020 100.008  0.2%  9.08 1,021 100.001 1S.10  9.220  22.090 1p0.001
reconstituted feed 1991.20 0.350  100.001 3760 100.001 0.43%  100.001 23,431 100.091
TEST SummARY- saople eass pull copper recovery lead recovery - nnc retevery iron recovery

weight  sasple total assay 1 stage  total assay I stage total assay 1 stage  total assay 1 stage  tetal
bulk tlotation “ese 22,11 2.1 1.22 8%.6%1 943 1367 90.280 .28 .80 B 2.9 26,68  20.°8 4.1
pyrite final concentrate Sy 80 25731 42802 0.17 11 261 80.%81 1.22 .31 M.t 1.64 3.000  10.491 37.50 .83 5.792
2inc denm pyrate ftoat "n.0 [ L) 0.i8 1.932 2.06 2.301 30.9¢  15.381 b, | 3.78L
2ine rangher {lotation PN LB ] PR 0.0 A9 .1 on .4 . 1268 .
1nc s iued conrents 2te .90 15,971 83,797 0.17 s1 0.0 L7 . Mt B a2 wan 1510 10171 75.set
fanal flotation tarls Gamcl last zinc con) 72590 34.250 100.001 0.3 12,261 100,001 .62 b.001 100.001 (X 1] 1.091 100.002 15.67 20,081 100.002

I
10-403 Bulk copper,lead flotation in air, pyrite flotation in

nitrogen with zinc reverse cleaning, and zinc flotation in

air



so¢

sample reference

oull rougher -
bulk rougher -
bult rougner -
buik rougher -
ouib rougher -
bulk rougher -

pvrite rougher
pyrite rougher
pvrite rougher
pyrite rougher

ZILC rougher -
210C rougrsr -
l1nC rougher -
210¢ rougher -
JIRC rougher -
Zinc rougrer -

21nc reverse fletstion -
21n¢ re.erce ¢lptation -
zinc reverse flotation -

NOTE:

Scda 3sh uzed for pH ad,ustaent during bull flotstion

Lim2 used -cr pH aojusteent during zinc flo*ation

30 seconds A
20 seconds B
sinute A
sinute B
ninutes A
sinutes B

P31 e e

ainutes A
sinutes B
mnutes C
snutes D

L I RS T B T N ]

0 zeconds A
seconds B

! sminute A
! mnute B

Q

si1nutes A
sinutes P

30 seconds
1 sinute
2 arnutes

FLOTATIODN

pH activator Fre-conditioning

added
gt gas tiee

9.1 - arr 20 min
O.l - - -
9.1 - - -

9,4 - - -

9.1 - - -

O.l - - -
8.9 - nitrogen 4 a:n
8.9 - nitrogen 4 min
8.c - nitrogen 4 an
8.9 - nitrogen & mn
10.2 &% none 10 s1n
0.2 - - -
10,2 - - -
10,2 - - -
10.2 - - -
19.2 - - -
10.5 10f air S m
10.5 - -

10,5 - - -

collec
type

SIFL/SAY

SIFy/5AL
SIFy/SAX
SIPY.SAL

SIFY/SAX
31PY/5AY
SIFX 'SAY
SIFY'SAX

SIey 'SAY

S1P1/5A)

SIPY/SAX

SIPY /SAX

GFINDING CONDITIONS:

150 g't sulphur d10:1de

ceNbDITIE

tor
addition
g/t

1]

o O O O twLh a0 Lh

(LI &, B )

N §

{lotation
gas

nitrogen
nmtrogen
nitrogen
nitrogen

air
ir
air
air
arr
ar

ar
ar
air

23 s:nutes, s:ld steel charge, BMC m1ll

10-403 Bulk copper,lead flotation in air,

pyrite flotation

in

nitrogen with zinc reverse cleaning, and zinc flotation in

air
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SOLIDS MASS BAL ANCE

COPPER MASS BALAMCE

LEAD MASS BALANCE 1IN0 WASS BALANCE 1°00 PASS BACANCE

caspls 2355 pull copper copper lead lead nnc e trom tron

we1ght sasple total assay  units recovery a5sdy wAIlS recovery assay esits recovery assay umts recovery
sanpls ceference 34} stage  total [$4] stage  total ($3] stage  total [}] stage  total
Buld rougher - 2 minutes (A) 91.00 4852 4.8s2 2.62 0.127 R4 32.4TL 7,30 L3 SN O MSIT S 027 .24 L2 18.%0  0.%9 3851 sy
bult rougher - 2 sinutes () 180.00 9.031 13.892 .10 0.0%¢ 25 29T 5.7 .10 1.273 33101 47.631 10.50  9.%48 11,02 14371 25.20  2.27% .5 1339
bult scasenger - 2 miontes tA) a0 151 153 0.0 0.0 .07 SR.ER paes 01 3,051 70 48T J0.70  0.183 1700 16,070 28,30 0.3% 1,450 1
Wib capeger - 2 mnntes (B) 7.5 3e9T %43 04 0018 ASSL O ALITL 40 0183 7SI SN RS 0.3 47T . 3.0 1.2 L 2.7
dulb wracenger - 2 mimites () 1568 770 2691 07 0.001 360 OIS 259 0200 5.231 #0467 .08 0.547 4021 28.48T 3500 27 JLANT 31T
bull scavenger - 2 einutes (B 237,10 11.891 18.791 0.15  o0.018 S8 AT 1.1 eam? .05 85.511  5.72  0.480 7.961  34.641 35.7¢  4.245  §1.7°1 @931
23nc rougher - tiee 0 <eronds 99.60 499 43772 18 0.000 2.9 78381 1,97 0.05 1451 B&.971 1070 1,981 2271 STMIT ML 0599 .31 5t
nae togher tise 1 ainnte 101 19 S 071 48.86 0.22 o0 2.8 7M. 1y 0.086 1730 BR.69T 30.40  1.947  22.B51 @O.78L  1L.30 0.480 2901 Se 63y
1nc congher - tiee 2 srantes A 7070 VISL OS2.401 62 0.000 2,481 BHBAL e 0.01 180T 90.297  29.20 1094 12547 3.A0T 18.20 @482 2.8 S
tine congher  tiee 2 einutes 8 VM 187 ST 028 .00 LLHAT BLOSZ g 74 0.033  0.851 9LIST 178 €.21® 561 9161 20.80 0.8 1941 5%.78Y
Tine craenger - tiee 30 sermds 72.50 1131 S5.601  0.27  4.003  0.76T B3.B0L .59  0.010  0.47T FL.61T b1 0.689 0.1 9T 2.9 05 LYT 9N
tine < avenger - tree | ainute 2.70 V191 36,792 0.26 0003 0771 B3 14y 0020 0.521 92.131 L9 008 0.550 .11 .20 0359 L3 82,15
final tails 85 70 41211 100,001 0.1 0081 15.411 100001 ¢.70 .30} TAML 100,001 .89 0212 2,497 100.00T 2090 9.91 32051 100.M1
recon-t1tuted feed 199¢.00 0.393 100,001 3.0 100002 8.521 100.001 23.858  100.001
T80 SimmAky: sample sass pull copper recovery lead recovery 2Inc recovery tron recovery

weight  sasple total assay T stage  total assay 1 stage  total assay 1 stage  total assay 1 stage  total
bld tintalion 270106 13871 13.89 1.3 §h761 51,761 10,72 47431 8).831 L8 L3 ILIn 2.9 13391 1L
pytate tintation 4% 50 M.902 38,791 0.2 14511 74271 276 17.88t  BS.512 6.90 20271 30801 .6 359t et
ene rongher flotation 312,80 15.481 54,4071 0.22 8.751 803 1.38 S.63 91151 3344 A1.571  96.151 15. 14 9.952 5e, 281
2ane <cavenger flntation 44.29 2.3 36.192 0.26 1.5 84571 1.68 0.991 2.1t 4.9 135 97.512 0.% 2.871 82151
final Hotatiom tasls B51.7¢ 43,217 100,001 .14 15.41 100,001 010 1.071 100.001 (X1) 2,492 100.002 20,90 3051 100.001

10-404 Bulk <copper,lead flotation in air, pyrite flotation in
nitrogen and zinc flotation in air.
(Mc Gill procedure)




LOT

FLOTATTION CONDITIONS

pH activator Pre-conditioning tollector flotation

sasple reference added type  addition gas
g/t gas tise g/t

bulk rougher - time 2 minutes 8.5 - EM 10 mp  EiF, ] ar
buli scavenger - time 2 minutes 8.5 - - - SIFY 13 air
pyrite rougher - tise 2 mnutes A 8.5 - nitrogen 5 min  SIFY b n trogen
pyrite rougher - time 2 sinutes B 8.5 - nitrogen 4 min SIFY [ nitrogen
pyrite rougher - tise 2 sinutes C 8.3 - nitrogen 4 ein  SIFY 6 nitragen
pyrite rougher - tise 2 minutes D 8.5 - nitrogen 4 min  SIf¢ 6 nitrogen
zinc rougher - tise 30 seconds 10.5 1200 - S an SIF: S0 air
2inc rougher - tise 1 minute 12,8 - - - - - air
21nc rougher - time Z mnutes 10,3 - - - - - ar
2inc rougher - tise 2 minutes 0.3 - - - - - air
Z1nc scavenger - time 0.5 sminutes 10.3 - - - SIFX 30 ar
21nC scavenger - tise | ainute 10,5 - - - - - arr

SRINDING CONDITIONS:

22 airutes, mld steel charge. BMS mili

Zing Sulphate, 120 gt

10-404 Bulk copper,lead flotation in air, pyrite flotation in

nitrogen and zinc flotation in air.
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SOLIDS MRS5S BALARCE COFFER MASS AL AMCE LEAD MASS DALANCE

1180 MASS S U ANCE

1500 WASS BALANCE

saeple e1ss pofl copper copper lead tead 1nc nng Irom tron
wight  saeple total wsdy  enits recovery 2ssay  wnits recovery asedy  uaits recovery assay  emits recorery
sasple peloronre (gr ans} n stage total [24) stage  total ) stage  total [$3] stage  tetal
Pult somaber 2 sinutes 58 " 3451 5.451 3.39 0 0.185 ST 97 ST.WL 12,20 0,937 3.4 17.0AY 4 80 0.3 J.ear 38y 2580 1 ) It W
bulb <ravengrr - 2 minates 30.74 4.732 10 182 0.75 0015 1. .11 L3 e 17,481 56542 .80 0.l .98 Bl 27.00 + e .20t 10751
prrote cont  Is scavenger } n.5e [ BT B 025 060 LA7TL 70.070 5.47  0.074 .91 5781 2.8 0am L9 13t 2% e L2 nem
prrite cone  In scavenger 2 0.04 0601 11 341 0.00 9000 0001 T0.171 0.00 0000 0,002 57451 .00 0.000 0.041 1S 000  0.000  0.001 11.¢9
prette final ronc (In ctav tarls) 110.49 18 281 40821 0.1t 0.002 i3 T 03381 1.30 .57 22.70F  B9.1ST 4.97 1,902 20.471 34181 18.10 14.584 50, Wal 7p.MY
ps1 100 1giw concentrate N Yo pa1 [N} 14 201 1.63 2.1 5.92 25.221 37.54 0.591
21 rangher  thee 18 Seromds .22 791 52.601 0.18 008 1.590 BT 109 0.0M LAL B3 5880 1606 10.48% SELMT A0 0.2%9 Lot .
rine romghes  tiae | sinute 30.72 280 55 31 0.20 00 1801 BT 126 0.0%% LU 82801 4020 L0 15141 47001 L1 0.2 LIt st
rinc tougher - tiee 2 sinutec Q.5 3.981 3.4 0.1y A 00f 2.%1 80131 .45 0.058 2,291 £S5.081 Y570 M.413 15182 @2 171 12.80 0499 2,031 1551
Fine cra.enger - yee 9 seronds 2030 1 OO0 ALTSL A20  nAnd 19T FO.3L g7r 0033 L.291 BATEL N 49 0595 6.TRL PRSI %0 0320 1301 7851
1 <caenqer - tise § mante "2 1511 82.871 0.1 oo 100 9132 pee 0.07¢ LAl 97,501 25.%0 0392 Al Lyt 2080 0312 121 man
tine sipvenyr - Lise 2 minates 2059 LT 44982 0.5 0003 0.991 Y21 183 0.039 .50 #9.061 12,00  0.253 2771 95491 2240 0.472 1.9 @0.040
fansl tayle 375.50 35 A71 100 001 0.07  0.825 7.6°1 100.001 €.79  0.277  10.941 190.001 1,20 0.420 4517 100.001 14,00 A.°03 19,92 100.00%
recinatitated feed 107218 0,319 100.000 2.52¢  100.001 9.312  100.001 0.5 (60,001
TEGT iy~ sasple sass poll copper recovery Jead recovery e recovery ron recovery
weight  saeple tota} assay 1 stage  total assay 1 stage  total assay 1 stage tota) assay T stage  total
pelt flotation 109.18  10.1800 10.(8 218 69.11 #9012 1355 .32 S5 819 0.947 8.9 25.90 10751 10,052
pyri1te §lofation 424,98 13 1. 0.25 Lo 70471 5.2 .91 57.451 n.e0 4701 138 .10 .23 et
s10c tamgher Flotation 103,39 47 921 59.481 011 1%r 8l 1.6 27431 850 130 48821 2. 1299 LWl 1S
rtue <ra.engee Flotation tise 0 1.5 ain 59.13 5 31T 44,981 0.18 e L 1.8 bR B AN 2.4 11U 95401 26.07 .47 oot
final fiotatron tatls 375,50 35.021 100 001 0.07 7,69 100.001 0.7% 10,941 109,901 1.2 451 100,001 14,90 19.981 100.00t
10-501 Bulk copper,lead flotation in air, pyrite flotation in

argon and zinc flcotation in air.




602

¢

sasple reference

bulk rougher - time 2 sinutes
bulk scavenger - time 2 sinutes

pyrite rougher - time 2 sinutes A
pyrite rougher - tise 2 sinutes B
pyrite rougher - tise O minutes C
pyrite rougher - tise 2 minutes D

zinc rougher - time 30 seconds
21nc rougher - tise ! minute
21nc rougher - tise 2 sinutes

21nc scavenger - time 0.5 minutes
21nc scavenger - time ! ainute

21nc reverse rougher - 1 sinute
z1nc reverse scavenger - 1 sinute

FLOTATI ON

pH activator Pre-condationing

(-]
.
wn

9O o o m
. - . »
w Ln Lh Ln

10.9
10.9
16.0

10.0
10.0

10.0
10.0

added
g/t

200

gas

ar

argorn
arqon
argon
argon

none

tise

10 sin

2 min
2 an
an
ain

L2 3 N ]

ann

I wn

4 #in

cCeNDI
collector
type  addition
g/t
SIFX S0
SIPX 30
SIPX 20
sIPX 20
SIFX 3
SIPX 5
SIPX 30
SIPX 30
SIFX 8

GRINDING CONDITIONS:

30 m:nutes, mld steel cnarge

Linc Sulphate, 1200 g/t

T 10WNS

flotation
gas

ar
ar

argon
argon
argon
argon

arr
ar
ar

amr
ar

ar
arr

10-501 Bulk copper,lead flotation in air, pyrite flotation in

argon and zinc flotatiocn in air.




11. APPENDIX 3 ; MATTABI ORE TESTWORK

EFFECT OF COLLECTOR AND SULPHITE ADDITION.

11-101 Bulk copper, lead flotation in air with 4
collector and 3 kg/tonne sodium sulphite,

flotation in air.

11-102 Bulk copper, lead flotation in air with 4
collector and 1.5 kg/tonne sodium sulphite,

flotation in air.

11-103 Bulk copper, lead flotation in air with
collector and 1.5 kg/tonne sodium sulphite,

flotation in air.

11-104 Bulk copper, lead flotation in air with
collector and 1.0 kg/tonne sodium sulphite,

flotation in air.
NITROGEN FLOTATION

11-201 Bulk copper, lead flotation in nitrogen with
collector and 1.0 kg/tonne sodium sulphite,

flotation in air.

11-202 Bulk copper, lead flotation 1in air with
collector and 1.1 kg/tonne zinc sulphate,

flotation in air.

11-203 Bulk copper, lead, pyrite flotation in air

conditioning with 5 g/tonne collector and 1.1
210

0 g/tonne
the zinc
0 g/tonne

then zinc

5 g/tonne

then zinc

5 g/tonne

then zinc

5 g/tonne

then zinc

5 g/tonne

then zinc

following

kg/tonne



¢4

3

¢

11-204

11-205

zinc sulphate, then zinc flotation in air.

Bulk copper, lead, pyrite flotation in nitrogen
conditioning with 5 g/tonne collector and 1.1

zinc sulphate, then zinc flotation in nitrogen,

Bulk copper, lead, pyrite flotation in nitrogen
conditioning with S g/tonne collector and 1.1

zinc sulphate, then zinc flotation in air.

COLLECTORLESS FLOTATION

11-301

following

kg/tonne

following

kg/tonne

Collectorless flotation followed by zinc flotation.

211




t4%4

A~

SOLIDS MASS BALMCE COPPER MASS BACANCE

saeole

LEAR RASS DALANCE

1INC PASS DAt AnCE

1ROR RASS BALMECE

sass pull copper topper lead lead 1ec nec 1roe iree
weight sasple total sy emts recovery assay  waits recavery assay wmmits recovery assay enits recovery
sasple coiorence 1] stage  total ) stige  total m stage  total w stage  total
balt songhes - 30 seconds 14,66 11,507 11.582 .8 0.30% 4.107 4101 1.40 .19 27,081  27.041 3.00 4. 480 [ 3314 231 2.8 L% nm 1.m
buld sca euger 1 ainutes Fi A1 6.M1 1.5 .12 0.2 37 V1 PLME .3 0207 .9 %M LW 04l LIl Ll 1LY .00 1.071 26481
balt scacenger 11 - 2.5 ainytes 2.2 2.651 20401 160 000 71 U LIS e LT MMl 130 AT 12001 2 N 2. %.%0
1ne rovgher - tier | aimte 199.7% 11,082 31.521 012 e.01} 2.011 .31 0.3 0.034 0.921 75.M1 55.22 4121 8N 7o 9Bl 743 0.0 .98 2%
219C rougher - time 2 ainntes A “.n § 547 3e.061 [ %, ] 0.013 1.911  94.23t [N} 0.0% 4131 79.731 4643 2.11% 20.361  91.351 10 % 0.4 1740 3.8
110 rragher - tise ? ainules B 0.00 0.001  35.941 0.08 0 800 0.001 54.231 000 0.000 e.nl 79732 0.00 9.000 0.8 N.MM [N . X 6,00 3L48T
TINC sCacrngee - t18s 10 sevands bR 2521 W.581 0.3 e o0 VI S5 3T 1.% 9.08 7070 B.801 2156 0303 531 %511 2 0412 181 vt
R stavonger  tiee | ainute L0 0.001 1581 0.00 .00 0.001 .U 000 0.00 0.000 85001 0.00 0.00¢ 0.001  9.371  0.00  0.000 e.001 MM
1M stavenges - (ise 2 aimyles 0.08 9.001 3.581 0.08 0.000 0.001 9.1 0.90 0.008 0.001 Bs.001 0.00 9.000 .01 %.IN .90 .00 .01 33011
fiaal tals $08.20 #1471 100,008 0.05  0.031 4031 100.00L  0.15  0.092 13,201 100.001 450 0.3% S.030 100,001 3A.5Y 10.70Y  &.1°1 100.001
reconstiiated feed ™. 0.463 . 100.001 0.498  100.001 10,391 100,001 038 100001
T1EST SumnaRy: sasple  wass pull copper recovery lead recovery s recevery tron recavery
welght sasple total assay 1 stage  total assay 1 stage  total assay T stage  total assay T stage  total
Salk flottion M N4 M. 293 .41 e 2,41 70451 10.81 10 1220 1. A M w2
rinc coneher flotation 154.67 15.627 36 041 oy 1.921 .t 0.4 LM 1Nt 2.1 nm 9.3 0.5 4.0 3588
211nC sca.enger flotation tise 8-1.5 an 24.9% 2,571 l8.382 .30 1.0 95,371 1.9 1.071  %%.001 21.5 .21 %.5Nn .20 .11
f1nal flotation tarls 408.20 $1.421 100.001 0.03 .41 19,001 .13 13.201  109.001 0,58 3431 199,001 .3 .19 100001
11-101 Bulk copper,lead flotation in air with 40 g/tonne
collector and 3kg/tonne sodium sulphite, then =zinc

flotation in air.




D3 X4

3

sample reference

bult rougher - 30 seconds
bulk scavenger - | mnute
bull scavenger - 2.5 sinutes

21n¢ rougher - 1 ainute
210¢ rougher - 2 minutes

21nc scavenger - | mnute

FLOTATION CONDLITIONS

pH activator Pre-conditioning collector flotat:on
added type  addition gas
g/t gas tiae o/t
9.2 - ar Y ain plants 30 ar
9.2 - - - - - air
9.2 - - - - - arr
10.5 1100 none 3 mn ¥E) 10 ar
10.5 - - - - - awr
1.5 - - - KEX 20 air
BRKINDING CONDITIONS:
20 sminutes, mild steel charge
2000 g/t sodius sulphite
NOTE:

Plant xanthate contains S0% Eth:] :anthate and

302 dithiophosphate (Cyanamd 241)

11-101 Bulk copper,lead flotation

collector

flotation in air.

in air with 40 g/tonne

and 3kg/tonne sodium sulphite, then zinc




vie

sanpie roference

bull rnugher 30 seconds
Suld sra-enger - | atngtes
bulk siscenger 1§ 2.5 einutes

ting rimgher  tioe | winste
11 rongher - hiss 7 cinutes A
nnc s rgher tise 7 inutes B
20c sta.enger - tiee 30 seronds
2IRC sravenger Lisr | sinute
1100 soavenger - Hiae 2 sinutes

{inal tasls
reconsttiuted feed

TES] S'wmaRt:

ik fistation

20mq congher flctation
Tine siasenger flotation
fanal tintatiom tarls

SOLIDS MASS DALANCE

COPPER MASS BALANCE LEAD MASS DALANCE TInC WSS DaLANCE
sasole sacs pull copper copper lead leat i nne
weight sasple total assay  wmits recevery assay wmits recovery assdy  waits recovery
tgraes) [}4] stage  total w stage  total 11} stage  total
29493 2.3 2.mMm 1.03  ¢.302 4.101  48.101 1.0 0.293 i.emm am .40 .29 12 861 12.461
179.95  17.901 42231 13 0238 37T eLam .36 0243 AL 7 61T A6 0.0 .18 20842
®.9 4.061 52,091 1.57 o0 1601 152 173 6.00¢ 12.001 80611 4.30  0.30% J.l 2.0
113.00  $1.241 M3 .13 0,015 .31 9551 016 0.018 .57 e 5.2 w3 usl Bm
2.1 2.900 .13 0.32 .00 LI IR [ XT3 X 1} LA 93021 4434 1,203 12,491 . %1
0 50 0.00T $6.137 0.00 0,000 0.001 7.2t 0.00 0.000 .01 93021 00A O Me L0 S 194
@ e 4.851 70 981 0.15 0 007 1 9.t .29 0.014 2011 95.001 L 0.158 1.531 90,991
0 na # neY 70 *py 000 0 nan 0.001  98.2N o0n 0000 9001 95.011  0.00 0.000 001 N.M
0.00 0 601 70,501 .00 0.000 .00 ML 00 vew veeve 53,031 0,00 0.000 LNl W
291.00  29.071 100.001 [ X LI X 1 1.771 100.001 012 0.635 L9701 100001 0,22 607 .91 100.001
1003, 33 0.655 100.001 6.701  100.001 10.193 100,003
saople sass pull copper recovery ledd recovery nnc recovery
weight  saeple total assay 1 stage  total assay 1 stage  total assay 1 stage  total
S2L75  S.0M S2.0% 118 93321 . 119 9.1 .2 .47 25840 2184t
14110 1,081 84032 6.47 J.0r at [ B Lur o 5153 I 9.5t
’.79 4,057 79,981 [ A} L M (s} Lo .o L. LS om
291,00 29.021 190,001 [ X} 1.771 100,008 .12 4,971 100.001 8.32 6.911 100001

IROM RASS DAL AKCE
nren ren
assay emity recovery
34} stage  total
30.03 1.3 TSI .
3% 7.033 0.3 291
3.7 1L 1 T0INN
1.3% . 2% LM
128 0318 111 7%t
v [ %] [ S LI L}
A I L [P 91 24
[ A B X 0.0°1 818
0 L .01 .
10.58  5.392 1063t 100.001
20.433 100,001
(] recovery

assay 1 stage total

BN e rem

Ly Lol 1
n.n [RLI IN]
19.50 10.021 100.001

11-102 Bulk copper,lead flotation in air with 40 g/tonne collector

and 1.5kg/tonne sodium sulphitz, then zinc flotation in air




siLe

¢4

saeole reference

bulk rougher - 30 seconds
bult scavenger - { minute
bult scavenger - 2.5 mnutes

21n: rougher - 1 mnute
zinc rougher - 2 minutes

2107 scavenger - 2 minutes

FLOTATTLION

pH activator Pre-conditioning collector
added type  addition
g/t gas tise g/t
9.5 - arr I an plantd 40
9.5 - - - - -
9.5 - - - - -
5 1160 none S mn KEX 30
10.& - - - - -
10.5 - - - KEX 20
GRINDINE CONDITIONS:
20 mrctes, sild steel charge
1600 g/t sodius sulphite
NOTE:

Flant xanthate containc 507 Ethyl xanthate and

501 dithiophosphate (Cvanasid 241)

CONDITIODNS

tlotation
gas

ar
alr
arr

anr
ar

arr

11-1u2 Bulk copper,lead flotation in air with 40 g/tonne collector

and 1.5kg/tonne sodium sulphite, then zinc flotation in air




9

SOLIDS MASS PALANCE CUFPER MASS DALANCE LEAD MASS DALANCE 1IN0 MASS BALWKE TN W55 DAL MCE

weele sass pull copper copper lead lead unc LS irom irem

weight  sasple total assdy  wts recesnry assay smits recovery assay sts recavery assay  enits recovery
saaple relerence lgrans) [}1) stage  ‘otal (23] stage  total I stage  total [$3] stage  total
hull cougher | pinute t- K M 2921 2421 %.00 o us LI P72 S 74 3 58 0.208 7.1 27 st 9.97 0.231 2.101 2,301 .0 [ 2 .19 L1
bulb sravenger - 7 arnutes L[} YR b.281 .00 0270 19021 70 M4 566 0217 .41 55091 1292 0.4 LT S 1) S e B L B LS ] e La
bult sracenger | - I minutes 0.08 0.001 4.2 0.00  0.00 6.008 70,441 000  0.000 0.001 55791 0.00  0.000 0.001 7,241 0.00 0.0 8001 S.432
rine rougher - tiee | seante 107.16  10.197 16.45 .38  n.039 $.59T A 03T 1.00 @106 13,923 8°.71 52 8Y  5.391 53 A2L  460.861  0.66  0.B83 L
2inc rongher - tise 2 aiswles A .52 .01 20.081 0.53 9.023 3 v A8 M 4021 74561 4191 21200 21 051 LML 1082 0.498 §.661  10.001
1 tougher - Hiee 2 minutes B 0.00 0.001 20.081 0.00  0.000 0.001 701 0.0 .00 0.001 74541 0.00  9.000 0.000 81,941 000 0.000 0001 10.000
1ne siavenger - tise 30 secomds 75,463 ‘021 2.1 0.02 0.05 0.071 97.481 136 0093 42170 85 N1 2324 1.388 15,75 97,70 2%.71 L@ 5.991  18.007
1INC <o avenger - tise | sinule 0.00 0.003 27.491 0.00  0.000 0.00F €748 0.00  0.000 €001 B5.711  0.00  0.000 0.001 92,701 0.00 0.0% 0.008  14.001
2inc scavenger - tise 2 ajmutes 000 0.001 27.4% 0.00 0.000 5.000 B2 000 N.0D0 0.002 M.711 008 8.000 0.00X 92,70 0.00 0.000 0.0 16,002
final tarls 760.20 72,311 100.001 0.12 0087 12521 100.003  O.14  0.103  13.29T 100,001 0.32 6.231 2,300 100.001  33.29  25.518 80,001 100.001
reconstituted feed 1051.33 0.493 100,001 9.762 100.001 10.05¢ 100,001 30.377 10000
TEST “IMnARY: sasple sass pull copper | recovery lead recevery HT.4 recovery won recovery

welght sasple total assay 1 stage total assay 1 stage total assay 1 stage total assay 1 stage  total
bulk flatation 45.80 5§ W 4281 1.0 70.81  70.441 679 55791 55101 11.63 r.aa L 26.38 5.1 St
2int rouqher flotation 153.60  14.521 20.681 0.43 97 %011 L e 51.18 et st L0 .57 10.000
118¢ siavenger $lotation .45 6.071 2791 0.82 3.07T  w7.e81 B3 1271 BT PAR N R 1 .0 .91 .0t
final Sintation tarls 760.20 72,311 100.001 0.12 12,52t 100,001 .14 13.291 100.001 .32 2.30 100,00 35.29 84,001 100.00Y

11-103 Bulk copper,lead flotation in air using 5 g/tonne collector

flotation in air.

and 1.5kg/tonne sulphite depression of pyrite,

then

zinc




L1

»

sasple reference

bulk rougher - ¢
bulk scavenger -

zinc rougher - |
zinc rougher - 2

21nc scavenger -

srnute
I sinutes

sinute
s1nutes

2 mnutes

FLOT AT DN CONDITIODNS

pH activator Fre-conditioning collector flotation
added type  addition 9as
9/t 9as tise g/t

2.5 - awr 3 min plantt 5 awr

9.5 - - - - - ar

10.5 1100 none I mn KEY 40 arr

10.3 - - - - - air

10.5 - - - KEX 20 arwr

GRINDING CONDITIONS:
20 smnutes, mld steel charge
1600 g7t sodium sulphite

NOTE:

Plant xanthate contains S0 Ethyl xanthate and

30X dithiophosphate (Cyanamd 241)

11-103 Bulk copper,lead flotation in air using 5 g/tonne collector

and 1.5kg/tonne sulphite depression of pyrite, then zinc

flotation in air.

‘%Y&




-1 %4

—

saspls roferents

bell rougher | mnnte
dulb stasenger - 3 minutec
buld ccavenger 11 - 2 S miautes
1ne tongher - tiee | sinute
int omgher - tiee 2 ainutes A
100 tongher - fiee 7 sinutes B
ine tigvenger - Lise 0 <oronds
e cravenger - tise | simnte
it seaeenger - Liee J sinites
final tarls

recon-tituted feed

TEST SINMARY:

bulb {intation

2int songher flotation
ne ceavenger flaotation
finl Hotation tarls

SOLIDS MASS BALMICE

canple
wei ght
gr ams?

&1 M
58 50
0.00

117 0
45.84
0.00
35.05
0.00
LN

892.90
101140

sasple
weight

19.95
163.70

15.03%
£92.90

eass pull
sasple total

[ A
5,021
0 fo1

601
11,861
[19:134

n.sn
LI}
0.002
Lt
9 M
0 0y

14
2.002
n.01
3.0
3.5%
31,500

48 201 100,001

aass pull

<asple total
11 86T 11.86%
18,181 20.001
3.482 31,50
68.50% 100,001

opeer
aszdy  units
(b4}
8 0.5
212 01
000 0.000
2,18 20
029 0013
000 0000
0% 099
LI LN 1]
0,00 0 000
Hos 008
0.707
copper
assay
5.28
021
6.2
0.06

COFFER MASS DALAICE

copper
recovery

stage

70.431
17.451
0.001

.M\
1.891
0.001
rm
0.%01
0.002

s.m
100,007

total

.61
9,981
B0. 081

91.072
52.921
n.m
94,191
§4.191
4191

100.002

fetovery

stage

80.081
.83t
1.271
5.0

total

€8 082
92 921
9,191
100.001

LEAD MASS BALANCE
lead lead
assay enits recovery
[}3] stage total
L8 043 50481 S8 8L
.77 0130 12,341 .00
.00 0,000 0.001 76.002
0.4 0.033 ur osum
[ A - N 7 .1t £5.81
0.00 0.000 0.001 B85.801
0.8 0.0 150 %90
0.00  0.000 0.001 89.021
9.60 0.000 0.001 89.021
0.12  0.082 10.981 100.001
0.74%  100.001
lead recovery
assay 1 stage  totai
.8 1001 76.000
0.4 9.081 85.881
0.68 151 ee.ont
0.12  10.981 100.001

1INC MASS BALANCE
2 nne
assdy umts recovery
[}3] stage  total
.29 0.%1 5.4 san
1600 0.015 LTS S L A3 4
.0 0.000 5,001 13.432
55.89 .00 62931 Te.l82
3.2 1993 19.61 N
0.00  0.000 0.00t 5.6
.80 0.279 2.541 %940
.60 00w 0.00% 99,452
0.00  0.000 0.001 .42
023 4.1 1.541  §00.000
10.2¢1  190.001
nnc recovery
assay 1 stage  total
1.6t 13431 134
5214 02,391 850t
1.80 2.6 .48
[ 4] 1,541 100,007

1F0N RASS BALANCE

iron 1ron
a5say  units recovery
(84) stage  total
M1 LsE S S
I S W74 S. 271 vo.eft
0.00  0.000 0.001  10.883
.12 0% 3.001 L8
1356 o 1990 1504
000 0.0 0.001  15.08
17 08 1.154 4321 20.18%
2K G N 1] ¢ 0.8
.00 0,00 0.001  20.!87
3.5 2038 70071 100.002
31.365  109.001
iron recovery
assiy 1 stage  total
a7 19.831  p0.891
kb .95 15.0
. 3N .M
36,53 79.021 100.00%

11-104 Bulk copper,lead flotation in air using 5 g/tonne collector

and 1.0kg/tonne sulphit2 depression of pyrite,

flotation in air.

then

zinc




1 %4

¢

saaple refererce

bulk rougher - | m:nute
bulk scavenger - I atnutes

z1nc rougher - { minute
21nc rougher - 2 mnutes

z1nt scavenger - 2 minutes

FLOTATYT I ON CoNDIlTIONS

pH activator Pre-conditioning collector flotation
added type additaon Qas
9/t gas tine 9/t

9.3 - arr 3 mn plantt 3 air

9.3 - - - - - air

10.5 1100 nene S ain  FEX 38 ar

10.9 - ~ - - - asr

10.5 - - - KEX 0 air

GRINDING CONDITIONS:
20 sinutes, m1ld steel charge
1090 g/t sodrum sulphite
NOTE:
Plant :anthate contains 501 Ethyl ranthate and

501 dith:ophosphate (Cyanae:d 241)

11-104 Bulk copper,lead flotation in air using 5 g/tonne collector

and 1.0kg/tonne sulphite depression of pyrite, then zinc

flotation in air.




oce

sasple refesonce

[ 11
ik
wlb

e
nnc
nm
1ne
118c
1ine

rougher | sinate
Stavenger - 3 singles
scavenger 11 - 3 sjoutes

rongher - taee | minute

rougher - tise 2 mautes A
rougher - taee 2 sinstes B
stavenger - hise 7 sineles
scavenger - tiee 2 ginutes
siasonger - tioe 2 ainutes

finat fuls
recons! ituted feed

TEST Swmary:

flatation

rinc rongher (lotation

L4

s13 poger flotation

final flotatson tatls

SOLIDS MASS BALANCE

sample
weight
{yr ans)

7.1
o
.00

593.10
1005.12

saople
wesght

159.09

0.4
168.79
395.1¢

sass pull

sasple

s
[ 311)
8.001

551
.2
0.002
n.m
200
0.001

sr. 211

tetal

.72t
15 132
13.631

2t.001
24,001
28,001
naon
40.792
H0n.Mm

aass pull

sasple

13.032

8.1
16,791
s 211

total

15.002
0.001
0. m
100.001

COPPER RASS SALANCE

copper copper
assay  wmts recovery
m stage  total
2,60 0.2 3.1 .M
1.98  0.09  14.49T S3.781
0.00 0.000 0,001  S3.761
0.9  0.049 .51 a2
1.02  e.0%0° 4.3 85.810
0.00 0.0 0.00T 435.011
0a o0.082 v.480 75,251
9.72 0.815 221 1.
.08 ©.000 0.001 71.471
.25 0.1 22.331 100.901
0,637 100.001
copper recovery
assay 1 stage total
.23 3781 LI
.97  12.051 @&5.011
0.4 1.8 77.411
0.25  22.331 100.001

LEAD MASS DALANCE
Tead leae
assay wmits recovery
(n stage  tolal
.44 025 2.5 Qs
1.5 0.09%  15.991 S50
2.0 0.000 .91 0.3
0.9 0047 0.181  §b.401
1.2 9.030 4.9 71412
.50 0.000 0.001 71.412
082 o082 10201 NN
077 0018 40 Ll
.00 0.0 0 £° 31
016 0095 15.891 100,001
0.400  100.001
tend recevery
assay 1 stage  total
2,23 Se.501 8.0t
.97 1.t LMt
0.4 12,691 8312
016 13,491 100.001

1IN0 PASS DAL ANCE
HL'S HLY
sty wnits recaovery
11 stage  total
530 0.5 .11 s.an
7.0 0433 L3 S 1 1
0.00 0000 [ X 29 B
4%.81 .03 25.431 uW.m
4353 L1 1.1 aram
0.00  0.000 000l i
30277 5080 801 %591
.52 e f.451 9.0n
(X B X ] [ X T3 X )}
N M 1.971 100.001
10.200 100,001
HLY recovery
assay 1 stage  total
$.05 .31 L
LY LB YN () S ) 1 )2
31,62 J0.851 M.001
[ B 1] £.971 100.001

IROR RASS BALANCE
1won irom
%5y wmite recovery
[H ] stage  total
3 763 1191 f1.%)
3.2 2310 7.8 1v.9Mm
0.0 000 LNt 1vn
2.1 1 1.3 .M
110 03I 1.051 22.e2t
0.00 0.0 0.001 22.021
2.70 3382 temt .M
Bo 0 Lun BN
[N B K" e.001 33.4M2
3NN .05 0010 100000
.05 (.02
1ros recovery
assay 1 stage  tatal
3. 1M em
LAY 241 .
2.3 1an B
33,94 ML 100.001

11-201 Bulk copper,lead flotation in nitrogen with 5 g/t collector

and

flotation in air.

1.0 kg/tonne sulphite depression of pyrite,

then zinc
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FLOTATI ON EONDITI ONS

pH activater Pre-conditioning collector flotation
sasple reference added type  addition gas
g/t 9as tine g/t
bulk rougher - { mnute 9.3 - ritrogen 20 min plants 3 nitrogen
bulk scavenger - 3 mnutes 9.5 - - - - - ntrogen
21nc rougher ~ 1 minute 10.5 1100 none Semn EEX 35 arr
1nc rougher - 2 mnutes 10.5 - - - - ar
21nC scavenger - 2 minutes A 10.5 - - - VEX 20 arr
zinc scavenger - 2 minutes B 10.5 - - - - - ar

GRINDING CONDITIONS:
29 mnutes, s1ld steel charge
1000 g/t sodiua sulphite

NOTE:

Plant :anthate contains S0Y Ethyl xanthate and

30% dithiophosphate (Cyanameé 241)

11-201 Bulk copper,lead flotation in nitrogen with 5 g/t collector
and 1.0 kg/tonne sulphite depression of pyrite, then zinc

flotation in air.

T T
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SOLIDS MASS Bl MLE COFPER MASS DALANCE LEAY MSS DALNEE TINC MASS DAL ACE IR0N RASS BALANCE
test mushor
n saesle eass pull copper copper lead lead 28t nnc e e
weight saaple total assay  emty recovery assay omts recevery assay waite recovery assay smits recovery
saaple relocomce {gr ams) (34 stage total [} 4 stage tota) (¢4 stage  tetal m stage  tetal
bl rongher | sinete 14395 11951 13,951 .30 03 1 a4t LM A T I8 AL LIS 0E SRS b S P 10 R A LR 1) S L R
bulh staonger - 3 ginstes 152.47 e 801 28741 1.3 020 29491 I’ 182 020 LA MNI0T 1 MW .90 11077 0.3 597 .01 30571
it scasonger 11 - 3 minutes 0.0 0.M1 28 2 050 U Oud 0.001  77.911 L0 0.000 0.001  40.101  0.00  0.000 0.001 11.07T €.00 0.000 0,001 3.5
rear snaghor  tise 2 sinutes A 115,20 1171 39.922 0.0 0.98y  13.051 %0.%5 1.6 0.180 20021 B2l .92 L23 N7 ANOAL 2.4 2732 1St Rt
2inc tmegher 1180 2 simwies B 7.1 2000 M6 92T 025 0017 2.3 1LS21 42 R0 3% 6.0 Y028 2.{19 20901 0.0 22719 1395 5351 SA.4M
ring eovgher - t10e 2 mantes .00 0.001 4.1 0.00 0 000 9,001 9.5 0.00 0.000 9.001 g9.601 (X ) 0.000 0.001 .01 .9 0.000 0.002 54002
2ine St aenger - tise 2 sinetes & 192.00 18671 83.812 010 oMY 2751 %.25 [S1 . X5 4781 9365 1606 3.020  29.%1 93,922 IS.M 6.562  21.%1 Th.ON1
21nt sravenger - Hioe 2 sinutes B 2.2 1. 1. 0.09 0.007 1.051 9.3 0.1h 0.013 1721 %338t 3.9% ©m 700 M.l BN 3.000 19,351 802
7inc stavenger - tise 7 minutes C 0.00 0000 73,591  0.00 0.000 0001 97301 0.00 0000 £.001 9531 .00 0.000 0.001 9M.HIT  0.00 0.000 000 26411
f1nal tarls 7.4 25.411 100,001 0.07 0.018 2.70 100,001 0.13 .08 .62 100001 0.3 0180 1390 300.00 5.3 4052 13,580 100.007
reconstituted feed 1035.53 0.485  100.001 .74 100.002 10.162  100.001 29.058  100.001
TEST SINIARY: saople sass pull copper recovery tead recevery nm recovery won recovery
weight  sample tetal atsay 1 stage  total assay 1 styge  total assay 1 shage  total assay 1 stage  total
hult Hintatien .62 20.781 I8 1.3 i . 1.5 $0.101 s0.101 1.8 .ot non .06 35T 5
2inc rougher (lotation 182.3¢ 1,171 .91 .59 15.411 9.5t .18 871 es.881 2.4 5.1 e 7.92 1.501 34 0t
13nc st aeenger 1lotabion 215.66 %47 13.IM 0.10 3.1t v1.30t .13 301 .M 3.1 30601 .42 Js.20  X2.3T M 4T
final (intatine tarls 2.4 2.411 10.001 0.0 2.701 100.002 .3 4.4020  100.002 .9 1,397 100.001 15.30  13.381 100,001
11-202 Bulk copper,lead, pyrite flotation in air €following
conditioning in nitrogen with 5 g/t <collector and zinc

sulphate depression of sphalarite. Zinc flotation in air.
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sasple reference

bulk rougher - 1
bulk scavenger -

zint rougher -
zinc rougher -

"

ra "

IInc scavenger
210C scavenger

| nute
I sinutes
sinute
anutes

pinutes A
fnutes §

FLOTAT

¢H activator

added
g/t
o9 -
9.5 -
10.5 1100
10.5 ~
10.5 -
NOTE:

1 0N CONDITIONS

Pre-cond:tioning collector
type addition

gas time g/t
nitrogen lf sec plfntl ?
nfne ? an Kfl %
- - KEX 20

SFINDING CONDITIONS:

2¢ sinutes, mld steel charge

1100 9/t zinc sulphate

Plant xanthate contains 50% ethyl xanthate and

S01 dithicprocphate (Cyanamid 741)

flotation
gas

ar
ar

ar
air

anr
a1’

11-202 Bulk copper,lead,
conditioning

sulphate depression of sphalarite. Zinc flotaticn in air.

pyrite flotation in air following

in nitrogen with 5 g/t collector and zinc

¢
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sasple reference

bult reagher - | sinete
bulb scasenger - 3 ainules
il scavenger 1] - 3 ainetes

inc rougher  tige § ernute

1N rovgher - tise ? sinutes A
118C 1omgher  tise 2 minutes §
0 stavenger  tioe 2 sinvtes A
1IRC st avenger  Line 2 sanutes B
2inC scr.onger - tiae 2 sunutes €

final tasls
reconstituled feed

1EST Sumany:

bulk flotatron

710 rangher flotation
218C scavenger flatatiom
final flatation tasls

SOLIDS MASS BALANCE COFPER MASS BALMNCE

LEAD MASS BALANCE TINC RASS BALANCE 1ROm MASS DALANCE
sascle sass pull copper copper lead lead nun TS 1ron 1708
wei ght sasple total assdy  enits recovery assay emts recovery assay emits recavery assay smits cecovery
(grans) (2 stage  total (34 stage  total [} 3] stage  tatal [+3) stage  total

1330 2091 20.981 .20 0.4 .M M 6T 0330 &1 %031 3.0 TS5 3 LI AL B 3.1 B2
48.54 .70 25791 2488 0.128 1B M0 .52 0120 15.921 62.751 V.86  0.472 .50 101 3RS 1.6 5.1 .M
0.00 0.001 25.741 0.00  0.000 0.001 084,041 (X BN 0.001 42751 0.00  0.000 0001 §1.%01 % M0 00001 33491

133.33  13.101 30.841 0.45  0.099 .41 92,451 .30 0.8t 23901 BO.6SD AR08 5.377  S2.141 eb.041 1477 22N .M Wt
A 5.281 A .21 0.0 1381 99032 .1 0022 2.061  BY.SI1 36.26 LM IRSA1 B2.401 19.00  1.00 Ll Wm
0.00 0.001 421 0.00  0.000 0.001 94,011 0.00  0.000 0.000 00511 000 0.000 0.1 .60 0.00 00N 0.000 LN
82.85 4.100 50.%01 .00 0.004 0.751 94 821 €22 0.0l 1.807 91301 20,20 139 12791 95.2°1 Y0.3? 0% (1) S
AP L 333 .12 0004 0511 95342 0.32  e.010 1301 92,401 10.9% 0.1M 3.2 99.551  34.23 1051 3. st
0.00 9.001 353.371 0.00  0.00¢ 0.001  95.301 .00 0.000 0.001 92.401 0.00 0.000 0.00T 99.551 .00 0.000 .01 53

176.50  €5.431 190.001 0.07  0.033 4.661 190.001 .12 0.05 7.401 100.001  0.32  0.14° 1,450 100.001  30.51  10.227  46.2°1 100,001

1017.58 0.70t  100.001 0,757  100.601 10.313 100,001 J0.7540  100.001

sasple 8ass pull copper recovery lead recevery 1314 recavery iron recovery
weight sasple total assay 1 stage  total assay 1 stage  total assay 1 stage  total assay 1 stage  total
8.9 /N1 3.1 .29 Lo e .84 82751 8.7 71 1% 11,900 40.22 %M 3%.e°t
107.0¢  10.301 M2 [ 8 ) 9.231 .00 1,10 25.761  B8%.3511 347 10700 #2.401 12,55 10.501 441t
94.10 9.251 531311 e.10 LI foa [ Bre] 3.0t 2,401 17.00  15.98 90.531 31,43 LA 7 S W ) §
479.50  86.831 100,001 0.07 4,451 100.001 .12 7.401 100.001 0.32 1.432 100.00% 30.91 %291 100.00%

11-203 Bulk copper,lead,

pyrite flotation in air following
conditioning with 5 g/t «collector and =zinc sulphate

depression of sphalerite. Zinc flotation in air.
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sasple reference

bulk rougher - 1 mincte
bulk scavenger - I sminutes

21n¢ rougher - | minute
21nC rougher - 2 minutes

21ne scavenger - 2 minutes A
21nc scavenger - 2 minutes B

FLOTATION

CONDITIONS

pH activator Pre-conditioning tollector flotation
added type  addition gas
g/t gas time g/t

2.3 - ar

10.5 1100 none
10.5 - -

10.5 - -
10.5 - -

I mn plantt S ar
- - - air

Smn  KEX 35 ar

- arr

- KEX 20 air
- - - a

GPINDING CONDITIONS:

20 mnutes, m1d stee' charge

1100 g/t 219c sulpiate

NDTE:

Plan* xanrthate containe 0% ethyl xanthate apd

501 dithiophosphate (Cyanasrd 241)

11-203 Bulk copper,lead,

pyrite flotation

conditioning with 5 g/t collector

in air following

and zinc sulphate

depression of sphalerite. Zinc flotation in air.

¢4
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SWLIDS MASS DALANCE COFPER MASS DALANCE LEAD MASS DAL ANNCE TINC MASS BALANCE IROR BASS DALMCE
saople 02ss pull copper copper lead lead um F3L 1ron oa
weight sasple total assay  enits recavery assiy saits recovery atsay  wmils recovery assay  enils recovery
sasple relerence (grans) (1} stage  tetat (1 stage  total (24} stage  total (1} stage  total
bult rousher | pinute $H.30 a2 2 .05 017 .81 571 036 0.7 LMD M L4 0.48) A1 A1 5.22 1001 M2 MR
belb <cgvenger - 3 ganutes 130 3 13.771 Sh. 180 118 0.142 W3 saet Lu 0.1 .75t 41191 1.83 6.527 S.15T 1.1 4123 S0 1131 03761
Sult i gvenger 11 - 2.5 ernutes .09 0.001 354.181 0.08 9.008 9.001 S2.091 .00 0.000 0.00X 411901 0.00 0.000 0.001 11.912 e.00 0.000 .01 83,742
21ne tnugher - tise § sinute 7.4 9.030 435.221 2.65 0.3 5.0 M A 9.201 .01 w01 3N 338 114 450050 %12 1.30 LT .38
2w songher - time 2 eiavtes A 20.64 211 .91 0.77 0020 2921 91651 034 0.015 2121 2.5 43 L1700 1.5 %651 11T a3 L0711
1100 cousher - tise 2 einvtes B 0.9 0.001 41.931 0.00 0.000 4.001 91451 0.00  0.000 0,002 92.931  0.00 9.000 0.001 S4.571  0.00 0.000 0.001  B0.432
e scalcenger - e 2 miautes 3 n: 5,820 78,551 0.42 0.020 161 95.811 0.4 OO 2% gl 50.58 3.4y 32.%r #9511 wMd 0.405 002 N.an
10 1eouger - fiae 7 siunteg § Q9 0.007 74.551 0 on 0 00C 0.001 95 M7 000 0.000 0.001 94811 0.00 0.600 0.001 09.32 .00 9.000 001 9 &3
21nc wtavenger - time 2 arnutes ¢ 0.00 0.001 74.558 .00 0.000 0.001 95.011 €.00 0,000 0.001 %€ B2  0.00 0.000 0.001 $.331 0.0  0.000 .01 NN
fimal tarls 211,97 75.431 100.001 011 0.08 .19 100.001 0.10 0.0 3.7 100,001 .18 1048 10471 100.001  9.95  2.532 6.331 100,001
recimstituted feed 1092.2% 0.068 100.001 6.490 100.002 10.14t 100,001 29.476 190.001
TES1 SMmARY: saeple mass pull copper recavery lesd recovery rinc recovery tron recevery
welght sasple total assay 1 stage total assay 1 stage  total assay 1 stage  total assay 1 stage  tetal
kb Plotatenn $13.46  36.101 36,181 0.3  S2.0M1 9%2.991 0.7 6190 41192 295 ner um .20 LT 9L
2ine ronghes flotation 128.91 11,751 671.931 .70 I 91.8S5L [N L] 3.3 02,53 10.43 W81 36.377 1.32 5.7 .
11 sravenger flatation 7R 6.421 70,55 0.42 [RTE »X 1} (&} .30 9.0 3.5 2.1 . (AL .01 9.4l
froal firtation tarls 211,97 25.451 104,001 011 4191 100.001 (N1 3.1 100,001 18 10,471 100.001 9.95 8.531 100.001

11-204 Bulk copper,lead,pyrite

nitrogen conditioning,

flotation in nitrogen following

5 g/t collector and zinc sulphate

depression. Zinc flotation in nitrogen.
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e

saeple reference

bulk rougher - |
bulk scavenger -

21nc rougher - |
21nc rougher - 2

ZInC scavenger -

a1nute
3 ainutes

a1nute
snutes

2 ainutes

FLOTAT I ON CONDRITIONS

oH activator FPre-conditioning tollector flotation
added type  addition gas
g/t gas tiee g/t

9.5 - mtrogen 20 min - - mtrogen

9.5 - - - - - nitrogen

10.5 1100 ngne Smn  KEY k] ar

19.5 - - - - - ar

10.5 - - - KEY 2 ar

GRINCING CONDITIONS:
20 anutes, mld steel charge
1100 g/t :inc sulphate
NOTE:
Plant vanthate contains 50 ethy! xanthate and

50Y dithiophosphate (Cyanamid 241)

11-204 Bulk copper,lead,pyrite flotation in nitrogen following

nitrogen conditioning, 5 g/t collector and zinc sulphate

depression. Zinc flotation in nitrogen.

¢4
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SOLIDS MASS BALANCE COPPER NASS BALANCE LEAD MASS DALNMCE

1INC PaSS DALANCE 1FON NASS B MCE

samole 0ass pull copper coprer Teat lead une unc iroa os

wight  sasple total assdy  enits recovery a55dy  waits recovery assdy wnits recavery azsay wats recovery
sasple 1eforonce (gr aas) (R3] stage  total 3] stage  total (1Y) stage  total () stage  tatal
it rougher 3% <oconds 176 53 1.3 m .73 07 45.221 S22 LI 0202 W 28141 4] 0.58° $.551 5.551 d0.46 7,173 2479 20.997
b Lravenger 1 spautes 02 4 83X 20.361 303 0.207  3A.S1T 75731 .18 .M4Y 20,181 409t 1L7¢ 05N L il Ba 0.4 34N
bulb scavenyer 11 - 2.3 arnutes 0.00 0.001 24.241 0.00  0.000 0.091  75.731 .00 0.000 0.00T 49.921 0.00  0.000 0.801 10731 0.00 0,000 6001 3L
nne et
i roagher  tise | siante 160,50 16,921 #).482 0.70 0.8 17.462 3197 1.5 0.248 30891 84811 47,76 0.081 70021 89.551 1174 1.9% 4931 &0.331
710 songher - tioe 2 miantes A 21.9¢ 2.201 43 481 [ 4 0.00% 1.350 94 581 000 [ X ] 2.431 07,001 .77 o.m 7.50 .31 10.2¢ 0.402 1.401 .18
2int cuugher  tiee 2 sinules B 0.00 0,001 &3 482 0.00  0.000 0.001  94.551 0.00  0.000 0.001 87,41 0.0 0.000 0.001 97,131 0.00 0.000 0.001 4751
Tint scavenger  Lise 10 <econds 108 68 10 91T 54 40% 0.08  0.00¢ 1,291 95.851 0.28 .00 35T 9. 1.5 0.148 LT 271 W 408 el
210 St avenger - trae | minwle 23 @ 2 350 & 151 0.1 0.002 0.151 96191 0.26  0.00b .07 2.5 117 o008 0.271  99.031 4306 1.015 3.5 et
2me sravenger - tise 2 ainutes 0.0 0.001 35.931 000 0.000 0.001 %4191 0.80  0.000 0,001 92,451  0.00 0.000 0.001 99.031 000 0.000 .00 2.1
final tarls 020.70 43,052 100,00 008 0.02 3.011 100.001 0.12  0.052 7.351 100,001  0.23  0.0%¢ 0.970 100,001 25.27 10.87  3.491 106.001
reconstituled feed 993.01 0.478  100.00X 0.703 100,001 10.25¢ 100,001 20.708 100,001
TESI SIMMARY- sanple aass pul} copper recavery lead recovery nac recovery rom recovery

wejght sasple total assay ¥ stage  total assay 1 stage  total assay 1 stage total assay 1 stage total
buls Hintation 20057 70561 4.1 2.0 1S 8. .43 2l NNt e 1073t e .0 Bt et
210t 1ougher {1otation 190.66  19.121 43 481 067 18811 94.56 L8 3.5 #.am %.32  88.31T 7.3 12.51 LI am
tine scavengoe fiotation 132,10 1.1 %6.950 0N 1.1 %1t (% B ; S/ XS] .9 LNl ot 40,05 20.351  e2.111
final flotation tarls 42070 43,051 100,001 0.06  3.011 100.001 0.12  7.35% 100.001 023 0.971 100.001 327 .M 100001

11-205 Bulk copper,lead,pyrite flotation in air following 5 g/t
collector addition and zinc sulphate depression. Then zinc

flotation in air.
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FLOTATION CONDITIONS

pH activator Pre-conditioning
sasple reference added

gt gas tise

bulk rougher - | minute 9.5 - air I mmn
2.3

bul¥ scavenger - 3 sinutes - - -
1inc rougher - § mnute 10,5 1100 none S amn
21nc rougher - 2 sinctes 19.5 - - -
2inc scavenger - 2 minutes A 10.5 - - -
21nc scavenger - 2 spnutes B 10.5 - - -

collector
type addition
g/t
KEX 35
KEX 20

GRINDING CONDITIONS:

20 mnutes, mld el charge

1100 g/t 21nc sulphate

NOTE:

Plant xanthate contains S0% ethyl xanthate and

501 dithiophosphate (Cyanam:d 241)

flotation
gas

air
air

air
arr

ar
air

11-205 Bulk copper,lead,pyrite flotation in air following 5 g/t

Sollector addition and zinc sulphate depression.

tilotation in air.

Then zinc

‘@t:
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SOL195 AASS BALAMCE

CGFREP MASS BALANCE LEAD PASS BALANCE TINC MASS SALANCE 1PON PASS BALANCE

el #ass pull copper copper lead fead 1ng ne irom iron

weight  sasple tolal ascdy  units recovery a5say  wnits recovery assay waits recovery assay  waits recovery
sanple reference (gr aos) 3] stage  total b3} stage  total [} stage  total ($3} stage  total
tcitertociess rougher - | pinute 58 50 S &5t 5 452 1952 [ X b} 67.68L  47.887 3.91 0 %19t 7% .8 0.705 5082 08 27V 1.357 5.2141 s.n
colbetorlocs sra.onger - 3 singtes AU 1551 o0 2y .97 0105 54,80 A€ 071 M 047 15531 40 771 1440 051 4991 11,871 24.88  1.02% PR S N 1)
collertorless scavenger 11 - 2 5 etnutes 0.00 0 007 9.20% 0.00 000 0001 B4471 .00 0.000 0.001 44771 0.00  0.000 0.002 {1.71  0.00 0.000 0.001  9.441
1ine tougher - tise | s1nute 13177 1277 2.9 03 0.03° 6.782 90 76T 2,20 0.280  34.99T Bl 711 45.43 5,780 54 431 48 MY 13.22  1.482 5.631  .2n
2tnr rougher - tiee 2 minates A 44 B 47 2% 251 0.30 0.01t 2,071 9281 .70 0.030 4002 85 71T 35.88 £.543 15.061 B3 371 1479 012 R ) B (99 M
1inc rangher - time 2 ernutes B 000 000 26.25T 000 9.000  0.001 92,857 0.00 0,000  0.001 85712 0.00 0000 0001 33T 0.00 0.000 0001 M
2100 stavenger - tise 2 srantes A [ Ll e 018 00N 130 e§ 2l 038 9.2 2,981 T AT TEEM ) S14 HA7°T #BLIST 2413 1.5 S 13T 21.84
rine <rasenger - time 7 o0 tec B 1 s { 40y T e s oarer 0381 94,701 0.43  0.00% 0.B0Y  B3.48  3.53  0.04¢ 0.481 9R 44 37 O3 e.5q® 1,747 23.581
iinc seq enger - time 2 einutes [ 0.00 0.001 33.321 0.00 0.000 0,001 94701 0.00 0.000 0.001 B8O M) 9.9 Q.00 O S BN M .o ¢.u02  23.38%
final tarls 488.80 46,487 100.002 0.05 0.933 S 101 100.001 0.12 0,080  10.54 100.00I 0.21 0.140 § L 100,007 NA.34 0 22,830 7e.42% 100.000
reconstituted feed 1035.73 0.428  100.001 0.757 100,001 10.242  100.002 .03 100.001
1651 SHMARY- sasgle aacs pull copper recovery lead recovery nnc recovery tron recovery

werght sanple total assay 1 stage  total assay 1 stage total assay 1 stage total assay 1 stage  total
tatlectarless flotation 95.2 oM .M 5,76 BL3TT B4 .60 21 W 13,22 1l uen 0.0 8.641 0481
2100 rougher flotation 176.58  17.09% 26.250 0.3 8.3 Y2.831 1.92 4001 8571 029 nsm B3m 1913 nosl 1871
1tne scavenger flotatton 15 4 1270 33571 0.18 1.881 .10 0.3 3.4 65 481 21.591 15 271 o8.4 28.33 6.8°71 N M
final itotation tasls 688.60  66.482 100 002 0.05 5.301 100.002 0.12 10,542 1%0.001 0.2t 1.381 100.001 3438 78421 100.002

L

11-301 Collectorless flotation followed by zinc flotation.
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sasple reference

collectorless rougher - | minute
coilectorless scavenger - 3 minutes

21nc rougher - { minute
2inc rougher - 2 sinutes

line scavenger ~ 2 minutes A
zinc scavenger - 2 sinutes B

FLOTATI ON

pH activatnr

6.3

10.5

19.3

10.5
10.5

added
9t

1106

NOTE:

Pre-condition:ng collector
type  addition

gas tise o/t

ar 16 mn - -

none S mn KEX 35

- - 13 20

GRINDING CONDITIONS:

20 mnutes, wmild steel charge

1100 g/t 21nc sulphate

Flant :anthate contains 507 sthyl xanthate and

301 dithiophosphate (Cyanasid 241)

EONDITTIONS

flotatian
gas

anr
air

air

ar
air

11-301 Collectorless flotation followed by zinc flotation.

e}




12. APPENDIX 4: KIDD CREEK TESTWORK

STANDARD AND NITROGEN FLOTATION

12-101

12-102

12-103

12-104

Bulk copper,lead flotation in

air and zinc flotation in air.

Bulk copper,lead flotation in

nitrogen and zinc flotation in

Bulk copper,lead flotation in
gas containing 95% nitrogen

flotation in air.

Bulk copper,lead flotation in
gas contalning 90% nitrogen

flotation in air.

232

air, pyrite flotation in

air, pyrite flotation 1in

alr.

air, pyrite flotation in

and 5% oxygen, and zinc

air, pyrite flotation in

and 10% oxygen, and zinc
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SOLIDS MASS BALANLE COPPER MASS BALANCE LEAD MASZ BALANCE LINC BASS SALANCE IAON RASS BALAnCE
saeele 0ass pull copper cpper lead lead tinc HL on irem
weight  sasple total assay  ehits recovery asay  waits recevery assay wats recovery assay wmts recevery
saople celerence [} 4] stage  tctal (11} stage  total n stage  total m stage  tetal
topper /lead rghe - 2 sanute A 55.% .mosm 0.50 0512 43.851 43851 9.12 .50 32,91 52,91 1300 0800 12,11 12,131 2.9 1040 . M
copper /)ead rahr - 2 minate ) 1030 LI w27 et LN TROL B2 A28 ILTIT S0.61 1640 0583 M1 41 .9 01 el .ot
coppet /oad egin - 2 enute C @3 .91 1211 1.52  6.065 S.561 €3.27T 1.30 .21 13.021 43401 10.80 0.542 521 NMr N 018 3.58 14,482
coppet /iead 1qht - 2 munute 9 .9 .47 15,781 [ K] 0.033 e 7.3 3@ 8 .09 10.571 1470 0518 T e.d2t 21,30 0.9 st 1M
pyrite rongher - 2 einules 11.9% 1.761 17.561 0.8 0.015 LN 81.251 2.4 0.043 2030 73.201 1550 0% 101 N1 0.0 .42 2.151 21,651
pyrtte rimgher - 2 oinutes § 1.0 1.2 . 0.53  0.407 o wan 2.3 .ol YT 75000 .80 015 2.1 U1 60 WS D1 S A 31§
pyrite rongher - 2 mmutes € .60 1,191 20.071 0.40 0,005 0.591  %0.7M1 1.98 0023 1391 26491 1180 0.140 2420 45.2°1  20.60  0.381 .71 8.9
prrtie rongher - 2 aiautes § 10.50 L .M 0.2 0.003 .42 v L& o 1031 77.31  0.5f M) 1. 42000 3.0 03 1.8 n.1
1M tougher - 30 seconds nmn 2.5%1 2%.801 0.15  0.008 .MM V.l 080 0010 0.671 78.141 47.40 LLN15  10.A3T 45431 L1 0.2W 1.8 77,95
N tougher - 1 atnste n.% .1 .14 0.1 0.00¢ 0.531 .11 .37 0013 NI MM W20 NI L Mt 120 62 .8 A
i 1omgher B - 10 seronds 3.6 .51 29.601 .14 0,005 0621 .76 0.2 0.0 LIS 80721 2300 O.014 12,30 92041 .90 0.9 L nan
2 roughes B - ¢ sinste 54.30 4.001 15.781 0.11 0 0.031 931391 0.0 .00 2951 #5471 3.4 0185 2,001 w.a1 3L& 2.001 9.9311 43001
final 11 373 &0 64,241 100.002 0.08 9,051 5.4012 100,001 €.42 0270 16.332 100.001  0.33  0.3%0 S.06T 100,001 17.90  $1.49% 5,001 300,001
recostytued leed 2.9 0.902  100.001 1.452 100,000 5.39% 100,001 20460 190,000
TES! SUMMAPY: sasple aass pull Copper recovery lead recovery nnc recavery ron recovery
weight saaple total assay 1 stage total assay 1 stage tatal assay 1 stage  tetal assay I stage  total
copper /lead flotation 100.9¢  15.781 15.700 L6 0 e LY 11 r.9Mm 15.31 3t Bat 5.0 1129 w01
pytite flptation "n.80 S.4r Ny 0.5¢ st .4 2.1 (R EIR 12.53 1.3 .m N0 151 .19
tine tougher Hotation 3.7 0.091 24142 o1 t.00t 92.141 (X ] 1.431 8.9t " 3241 M0 0.1 .41 P21
118¢ rougher flotation § 5.9 571 33.752 0.12 1.450 93.5%1 .0 4701 83471 10.38 15.141 9% pe2 30.97 19.51 3. M
#:nal flotation tarls S73.40 A4 241 100.001 .08 4.411 100.001 0.42 16,331 100.001 0.53 3. 161 100.001 17.90  3.201 190,991

12-101 Bulk -—opper,lead flotation in air,

and zinc flotation in air.

pyrite flotation in air
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FLOT &T I LN L O NDI T O NS
pH acrivator Pre-conc:tipning collectar $lataticn
zaaple ~eference agded type agadition gas
gt gas tiae 7't
DISSOLVED OXYBEN LEVELS: ppa. BEGINNING  END

Iopper leag rougher - 2 minute A 10,2 - air 1v mp SIF: % aw copger ‘lead rougner ~ 2 sinute A 1.5 0,3
casper 12ad rougher - 2 sinute B tn,2 - - - SIFt 5 ar topper ‘lead rougher - 7 einute K R 10,7
tepper lead rougher - = einute [ 10.7 - - - SIFy 3 awr copper ‘lead rougher - 2 sinute C 6.5 8.2
copper lead rougher - 2 sinute D 19.2 - - - SIf: S ar copper-lead rougher - - sinute D 8.3 %8
Z.rite rougher - time 2 minutes A e.5 - air S an SIFY K arr pyrite rougher - ::se 2 mnutes A 7.8 "8
p.rite rougher - time I siagtes B 2.3 - ar 2 an SIFS 5 ar prrite rougher - time [ mnutes B 7.0 "8
Z.rite rougher - tise - minutes C 8.z - ar 2mn SIMY 3 a1r  pyrite rougher - :.ae 2 srnutes [ 18 .3
porite rougher - tise 2 minutes D 9.5 - ar 2mn SIFY b} air pyrite rougher - time 2 sinutes D 7.8 7.8
Z1nc rougher - tise 3¢ seconds 1.0 1200 - Semm - - ar 710 rougher - tise -0 s2conds 7.9 7.
2ing rougher - tise 1 minute 11,9 - - - - - A 21aC rougher - tiee | sinute 21 35
linc rougher k - time 30 seconds 11.0 - - - SIf} S0 air zi1nc roucher B - ti1me 30 seconds 1.1 7.9
Jinc rougher B - time | sinute 1.9 - - - - - aIr  cinc rougher § - tise [ sinute 1.1 )

GRINDING CONDITIONS:

3 ainutes, e1ld steel charge

Zinz Sulphate, 1200 't

12-101 Bulk copper,lead flotation in air, pyrite flotation in alr

and zinc flotation in air.
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test nusber FLodaTnatr g LoD T 1 0 NS
pH activator Fre-conditioning tollector flatation
sample reference aoded type  addition Qas
ot 338 tise g't

DISSOLVED DYYBEN LEVELS: pra. BEGINNING  END
copper ‘iezd rougher - Z minute A 10.7 - ar It &in SiFY b atr copper l2ad rougher - 2 arrute A -0 9,
copper lesg rougher - 2 minute B 10,2 - - - S1Fy < a.r copoer ‘lead rougher - - & nute § <8 9.3
copper ‘leal rougher - Z minute { 10.2 - - - S1FY 5 ar Copper ‘lead rougher - 2 ainute € €5 10.2
copper ‘lead rougrer - 2 minyte [ 10.2 - - - SIPY S air copoer ‘lead rougher - 2 pinute D 5.4 L
pyrite rcugher - time 2 minutes A 2.5 - nitrogen  § a:p SIPY 3 nitregen  pyrite rcugher - time 2 a:nates A 2.5 0.5
pyrite rougher - time 2 minutez B %5 - nitrogen 2 min SIFX S nitrogen  Pyrite rougher - tiee 7 minute: & 0.5 6.5
pyrite ro.gher - time 2 mputes °.5 - ritrogen 7 :r  SIFY ] nitrogen pyrite rougher - time 2 aiutec g 0.5
pyrite rocgher - tise 2 minutec P 9.5 - nitrogen 2 min SIPY 5 nitrogen pyrite rougher - time 2 arnutec D 0,3 0.5
21nc rougher - time 30 seconds 1.0 1200 - e - - air 21nc rougher - time 3O saconas 1 7.9
z1nc rougher - tise 1 mrpute 11,9 - - - - - ar zing rougher - time | minute 73 7.9
zinc rougher B - time 30 seconds 1.0 - - - SIrY = ar 21nc rougher B - time 30 s2conds 1.8 1.3
7inc rougher § - tise 1 minute 11.9 - - - - - air 2inc rougher B - time ! minute 7.4 7.9

GRINDING CONDITIONS:
30 minutes, mld steel charge

21ne Sulphate, 1290 g/t

12-102 Bulk copper,lead flotation in air, pyrite flotation in

nitrogen and zinc flotation in air.
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sanple 1efesoure

coppe: Ylead rgiw - 2 @innte A
copper ‘Noad eghe - 2 sinule §
copprt Irad sqhe - 2 miante [
copper slead 1 - 2 sinute B

pyrite 1ongher - 2 sinutes B
pytilte roughes - 2 einutes B
pyeite tougher - 2 sinules €
pytite tougher - 2 ernutes B
pytite rougher - 7 sinutes £

tine rgher - 10 seconds
200 songher - | etnute
tine congher B - 30 seconds
Tane somgher B - | arnute

tinal tarls
recon lituted (eed

WEST “ommARY:

copprr ‘lead flotation
sriite tiatatron

T rimgher fintation
2ing rongher Hotatioa 8
fanal Hotalion tarls

SOLIDS MASS GALANCE COPPER MASS BALANCE LEAD MASS BALANCE TINC MASS BALANCE
saeple sass puil copper copper lead Jean nac e
weight sasple total assay  umits recevery assay wats recovery assdy umts recevery
{gr ans) [} 4] stage  tota! m stage  total ) stage  tolal
2% 50 27 am 8,040 0224 22,89 20.8%1 H.00  0.306 10.312 40311 15.50 6.4 & L1
2.4 TS0 10,00 0302 2421 0.5t .02 .Y MM 3221 15,20 6.3 .o nm
nn .01 1.9 .26 0028 L2201 75721 430 A28 10381 AL.GIT 1040 0.Y% .55 .M
1.9 .20t %152 0.9¢ o.011 1401 7521 587 .48 $.041 474671 i1 0212 3091 20.11
16,50 1131 10.0861 L [XxY) .51 8.1 .22 elm .51 5.271 1.0 0310 .45 20.002
1.9 228 13141 LIT 0000 981 92.251 .26 0.186 11,151  pR.TEY 19.00  0.407 51 1m
“wn 4491 1.8 0.1 0.00% 0 mr 0.9 eon 571 70911 405 0.28¢ 40 35341
L1 ] 3091 2.1 [Ue] 0.013 1.%91 #9.4a1 0.8 0118 4951 71.831 8.3 0424 $.201 41,542
82.50 8.661 31,588 0.11 . 010 1091 %0.6i1 0.4 $.9055 3.321 s.171 5.08 6.440 4.428  47.%2
n.% 007 84N 0.10  0.00 N . LW L6 0.971 .U1 .70 209 a1 M
Mnte .11 . 0.17  0.004 0.470 o791 .52 8.2 0.491 B2.831 ML M2 1M1 N1
1 1.271 39.05 02y 0.003 0351 f2.13t €. 000 €431 B3 451 19.10 0233 LW 9401
18.20 1.911 99981 0.21  0.008 9.501 92.431 007 w07 .91 .45 423 008 1.8 BN

542 80 $5.041 100,002 0.10 0059 2.37% 100.002 0. M 0.240
957 % 0.8002 100.001 1.
sanple eass pull copper recovery led
weight sasple total assay 1 stage  total assay L
0.2 1150 915 9 15N N 010
A% 22411 3.9 8.5¢ 15.490 .25
30.40 4.251 7.2 6.13 1.181 9. .44
160 I3t 40982 0.22 0.5 .41 (X 14
562,40 59,001 100.002 0.10 1.3 100.002 (X 1]

15,550 100.001 0.4 0.28° 4.2t 100.002
100.001 4.048  100.002

recavery 110¢

recovery
stage total

assay 1 stage  total

.4n

.6n e 200t 0.0t
n.%t & 457 7.u1 areel
1.061 92831 7.3 82 9.0
.62t 04.451 10.07 4501 9.8
15,350 100.002 095 4271 100.002

IROR MASS DALARCE
1ron irom
assdy waits recevery
a stage  total
.60 0480 imm W@
35.60 0.7 BN L S B ¥ ]
B.40 058 .31 LSt
.20 3% L421 10201
2,80 039 .90 13.182
21.50  0.530 .55t 1.1
%2 1498 et 25.111
He s 9.511 3%
02.60 1680 1.8t 1181
L2 W 1.6 5.0
1260 0.279 1.301 58.181
.10 0,293 1.1 35.5712
6.00 0703 .m o
16.30  0.443 90,661 100.001
20.766 100,001
won recovery

assar b stage  total

4.3 nm nom
2.5 30901 51101
% 2.9 5.1
e sam s

10,30 0.4t 100.001

12-103 Bulk cooper,lead flotation in air,
containing 95% nitrogen, 5% oxygen,

air.

pyrite flotaticn in gas

and zinc flotation in
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gee

test nuater F L3 1T AT 10w CONDITI ONS
pH activator Pre-conditioning collector tlotation
sasple reference added type addition g3s
g/t gas time g/t
DISSGLYED OXYBEN LEVELS: ppa. HEGINNING  END

copper 'ies0 rougher - 2 minute A 10.2 - air 1t min SIPI 3 air copper ‘lead rougher - 2 minute 4 6.6 10.9
topper ‘Jead rougher - 2 sinute B 10.2 - - - SIFY 5 air copper ‘lead rougher - ? sinute & b.8 10.1
copper ‘1esd rougher - 2 mnute € 10.2 - - - SIFx 5 air copper ‘J2ad rougher - 2 sinute C 6.3 10.8
copper ‘lead rougher - 2 mnute D 10.2 - - - SIpY 3 air copper . lead rougher - 2 einute D 7.2 10.7
pyrite rougter - time 2 sinutes A 9.5 - 951 N2 S min SIPX 5 o5, N2 pyrite rougher - tise 2 mnutes A .5 2.9
pyrite rougher - tise 2 minutes B 9.5 - °541 N2 2 mn SIPX 5 o5t N2 pyrite rougrer - time 2 minutes B &b 2.3
pyrite rougher - time Z minutes C 9.3 - WIN Iamn SIRR 3 o5t N2 pyrite rougher - tise 2 ainutes 28 2.5
pyrite rougher - tise 2 einutes D 9.5 - GEL N2 Zmn SIFX S 857 N2 pyrite rougher - time 2 sinutes D 2.5 2.5
210c rougher - time 30 seconas 11.0 1200 - > mn  SIPX 25 air zinc rougher - time 30 cecanas 8.3 9%
2inc raugher - tise | mnute 11.0 - - - - - air 2inC rougher - time 1 mnute 8.3 9.3
zinc rougner B - time 30 secaonds 11.0 - - - SIFX 25 air 21nc rougher B - tise 30 seconds B.2 o
21nc rougher B - tise | sminute 11.0 - - - - - air Iinc rougher B - time | minute 8.3 9.9

GRINDING CONDITIONS:

30 sminutes, mld steel charge

inc Sulphate, 1200 g/t

12-103 Bulk copper,lead flotation in air, pyrite flotation in gas

containing 95% nitrogen, 5% oxygen, and zinc flotation in

alr. .
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¢ 4

saeple releronce

copper 1oad talr - 7 mimute A
copper /lead rghs - 2 ginute B
copeer /1ead rebr - 2 miaute €
coppes /ead vgv - 2 aiaute §

Pyrale 1 ougher sinutes 8
purite saugher - T minntes €

pyrite comgher 7 ornutes B

syrite congher - 2 sinutes &

tinc tongher - 30 Seronds
210 faugher | inate
ring cimgher B - 19 seconds
2inc tvogher B - | ainete

f1nal tails
ceconst 1 tuted feed

TEST SumARY:

copeer ‘tead flotation
pyrite fletation

1anc roneher Hlotatyon
2inc rongher flotation
fisal fiotation tarls

CUPPER MASS BALANCE LEAD MASS DALMCE TINC MASS DALANCE
sasele sass sull copper cooper lend lead 2174 nne
weight  saeple tetal assay  wmts recovery assay wits recovesy assiy wmts recovery
lyr ans) (1)) stage  tola) [} 4] stage  total [} 4] stage  total
e 1.501 L.so 7.4 033 s svr AT7 02W 16.901 1o, 81 1029 0337 3.3 s

8.% .ot e.502 5.4 0N .25
22.87 .42 .95 .51 0.041 .9
1.1 1931 10.891 133 e L

72.17T 9.2 .21 .62
.41 11.Y9 0.2% {1751
0B .2 e .01

14.51 1350 12,431 1.06  0.00% 22
15.08 f.4% 1L .43 0.011 " 1 ¥y
12.8° [ 2 8 B ID .47 0.0% 0.882
Ly 8911 L.ul 0.1 0.004 0. 48

28.171 6.6 0.103 6.311
07,65 5.0¢  0.0% 6.052
99.531 3.4 0057 Lm
o 2.4 002 1,31

" Nt 1t .13 0.00¢ e85
2.0 .21 B 213 .00y 0.431
n.a 1o 23.011 .18 0003 0.401

W.% 3951 M.001 012 005 001

2.0 .45 0.0 .M
0.3 .Y 0.0 .21
.71 1.0 0.018 1.0
031 L2 L 2m

.10l 15.0 0N T 12,482
01 0.6 L9 r.aa 1wl
B4 1.4 0358 .3 A
41.901 1%.10  0.2% .21 .0
7.0 12.30  0.293 L .6t
ner 157 S He oM
na e [ ) S L 53
T M0 2.3 3N et
15,57 .0 00T 121 B0
41 .9 0 S.sn
IO L 2% N

$85.40  70.001 100.001 0.0 0.0u 065 100.00T 0.4 0.3 21.271 100.001 0,52 O.3Y 5.921 100.00t
932,43 0.738  1%.001 1.036  100.001 o407  100.001

sasple 0ass pull copeer recovery lend recovery 1L recovery
weight  saeple tetal assay 3 stage  total assay 1 stage  total awsayl  stage  tetal
102.04  10.0°1 10.8M1 S.6v .0z a2 .34 s5.4m1 Ss.em 154 2.1 B2
s1.78 $.52% 16412 .48 .07 mv.02 5.02 1751 72.481 16.% 1 W2t
£5.93 7.031 23.443 [ A1] .30 9.3 .13 LI nBsn w911 8.0
5.9 .31 2. 0.14 1.1 9,052 0.9 3.l .23 6.001 9.1
645.60 71,001 100.001 0.00 8.451 100.001 .49 21,270 100,001 .32 3.521 100,001

1PON MASS DALANCE
nen 1iren
2883y wmts recovery
[} 1) stage  total
.10 0.713 4401 4402
2.9 4% LI LN
2200 0.55% 2,081 10,412
3.0 L 2 1.3
2.0 03 1.9 1.4
W60 07 201 AR
ne IR 1.8 12271
6.5 0,200 L 1t
10.10 0.0 231 .M
15.00 0333 1. 23001
2.0 0.3y 1 Ban
N LI It A
1900 14057 47.781 100.001
2.7 10.001
1ron recovery

sssay 1 stape  total

.07 12471 1240
3H Lt
1.4 LY m
no2 Mt nm

19.00  41.701 190.901

n)

13-104 Bulk copper,lead flotation in air,
containing 90% nitrogyen and 10% oxygen,

in air.

pyrite flotation in gas

and zinc flotation
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8 - tise ! arnute
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LIl EIIr SeserimciTizvine coalacier siazion
0230 Tee EIiilon pEH
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DISSOLVED NIVETy LELEIZ: ppa,
. nr tvoan 3joY : ar codzer-leag rougher - 2 ainuta A
- - - 315y < ar zcoper ‘leaa roucnes - 2 ginute B
- - - SIFY : ayr ccoper¢leagd rougner -~ 2 sipute €
- - - 3] < ir zoocer/leze rougner ~ 2 anure B
- I 42 3 ap SIPY < oY 42 pur:t2 rougher - tite 2 mnutes
- °1 42 T wp S5V < oAy 42 pvrite rcegner - time I mnutec
_ %41 w2 " an  SIEY < on* N2 p/rit2 reucher - “iye 1 mnures
- 207 32 mn SiEv 5 °9% 42 mrite rougher - f1qe 2 mputec
1200 - San SR g ar 2:0C rougher - tiae 1) cecange
- - - - - arr inc reygher - trae ! spnute
- - - 51PY N ar 2ing rougher 3 - t1ae I) cecongs
- - - - - arr Iinc rougher ¢ - ti3e | minute

ERINDING CENDITIONS:
20 sinutes. mld stes! charge

Iinc Sulphate, 1200 g/t

=MW X

BESI'ININE

4D

03
109
1.
1

“ew

Bulk copper,lead flotaticn in air, pyrite flotaticn in jas

containing 90% nitrcgen and 10% oxyjen, and zinc flotation

in air.
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13. APPENDIX 5
DISSOLVED OXYGEN CONSUMPTION IN A FLOTATION COLUNMN

It is possible to make a rough estimate of the oxygen consumption
in a flotation column based on the results reported 1In this

thesis,

Basis:

10 metre column with 5 cm inside diametex. Total volume capacity
of 0.02 la. Bubbles rise typically at a rate of 2 cm per second,
so the retention time for the gas is 500 seconds. The pulp
retention time is assumed at 20 minutes, giving a feed rate of

0.8 1litres per minute. At a pulp density of 1.25 kg per 1litre,

the mass feed rate is 1 kilogram per minute.

Oxygen balance

Oxygen available:

The retention time of the air is 500 seconds, and the gas hold-
up, 20% of 0.02 m3 (0.004 m3). From this, the gas feed rate can
be calculated at 0.48 litres per minute which, at a density of
1.293grams per litre (at S.T.P.) is 0.6grams per minute. This
contains 19% oxygen, and represents an oxygen feed rate of

0.1l2grams per minute.

Oxygen consumption (from mineral oxygen demand alone):

Figure 4.22 plcts the drop in oxygen content in nitrogenated
vater, and Kidd Creek pulp. The oxygen level in the pulp drops
faster than In the wvater, because of the oxygen demand from the

mineral. Difference betveen the slopes of the tvo plots (in the
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first tventy seconds, 1.e. before the oxygen levels are depleted
and the ¢twvo 1lines converge again) represents the rate of

consumption of oxygen through mineral oxidation:

Drop of oxygen level in water 1.8 ppm in 20 seconds.
Drop of oxygen level {n pulp 7.0 ppm in 20 seconds.

oxygen demand during the 20 second period 5.2 ppn.

This matches the oxygen demand measurements previously made on
Canadian Shield ores (94). Their work showed that as the pulp
ages |its oxygen demand drops. A profile from their work which

matches Kidd Creek ore is given in Figure 13.1.
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FIGURE 13.1 - Approximate oxygen demand profile for Kidd Creek

ore.
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From Figure 13.1, the total oxygen demand 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 per minute, and this has an
oxygen consumption rate of 90 ppm. So the oxygen demand from the

pulp will be 0.09 grams per minute.

SUMMARY:

Oxygen supply from air : 0.l2grams per minute

Oxygen rejuirement for oxidising the pulp : 0.09grams per minute
Oxygen remaining in the air at the top: 0.03grams per minute,
vhich Is a quarter of the oxygen content of the air entering the

column. The gas would therefore be 95% nitrogen and 5% oxygen.

Pyrite is activated at such levels of oxygen content.
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