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1. ABSTRACT. 

The rejection of iron sulphides (pyrite and pyrrhotite) using 

ni trogen was eval uated on three Canadian complex sulphide ores 

Laboratory scale work (at McGill and on-site) was conducted and, in 

addition, continuous minicell testwork was conduct~d on-site. 

The promotion of pyri te flotat ion using nitrogen was confirmed. It 

was eval uated at Brunswick Mining ahead of zinc flotation (using the 

minicells), and at Kidd Creek Mines in a laboratory scale 

investigation of reverse flotation. This latter also showed enhanced 

chalcopyrite flotation with nitrogen. 

The explanation of pyrite flotation uslng nitrogen was based on 

weakening of galvanic coupling with other sulphides. 

Nitrogen proved more effective than air in depression of pyrrhotite 

in processing a pentlandite/chalcopyrite ore. Under sorne conditions, 

chalcopyrite was also depressed by nitrogen (apparently when the pulp 

potential was less than 0 V vs. S.H.E.). 

The depressant action of nitrogen on pyrrhotite was interpreted as a 

reduction in the density of surface OH- sites necessary for 

electrostatic interaction with xanthate ion in the Hodgson/Agar model 

of pyrrhotite floatability. 
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~ II. RÉsUMÉ 

La dépression ou l'activation des sulfures de fer (pyrite et 

pyrrhotine) par utilisation dd l'azote au conditionnement ou à la 

flottation a été évaluée avec trois mineJ~ais de sulfures complexes du 

Canada. 

On a pu confirmer que l'azote peut promouvoir la flottation de la 

pyrite, par essais à Brunswick Mining en amont du circul t de 

flottation du zinc, avec les mini-cellules, et aux mines Kidd Creek, 

par flottation renversée dans une cellule de laboratoire. Dans ce 

dernier cas, nous avons pu constater que l'azote facilitait également 

la flottation de la chalcopyrite. 

Nous expliquons l'effet de l'azote sur la flottation de la pyr1te par 

une diminution des effets galvaniques entre la pyrite et les autz'es 

sulfur~s. 

L'azote s'est montré plus efficace qUt~ l'air pour déprimer la 

pyrrhotine lors de la flot tat ion des mi nerais de pentlandi te et 

chalcopyrite de la région de Sudbury. P~rfois, l'azote pouvalt 

également déprimer la chalcopyrite (apparerunent lorsque le potentiel 

de pulpe, tel que mesuré avec une électrode d' hydrogène standard, 

était inférieur à 0 V). 

L'action déprimante de l'azote sur la pyrrhotine s'explique, nous 
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croyons, par la réduction de la densité des sites OH nécessaires a 

l'interaction électrostatique de la pyrrhotine avec l' ton xanthate, 

selon le modèle d'aptitude à la flottation de la pyrrhotine propose 

par Hodgson et Agar. 
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1. 1 NTRODUCTI ON. 

Flotation is a physico-chemical process for separe.ting finely divided 

part icles of valuable mineraIs t'rom waste mineraIs (gangue). Il is 

based on the dift'erence in the surface properties of the mineraIs 

present in the ore. Most species contained in the ore are hydrophilic 

but some, such as graphi te, talc, sulphur and mo lybdeni te al'e 

hydrophobic and others can be given a hydrophobic surface by reaction 

wi th suitable chemical compounds, including oxygen In a mixture of 

part icles having different surface propert ies with respect to water 

the particles can be separated using the flotation process. The 

product containing the valuable mineraIs is the concentrate, the 

product containing the gangue is the tailings. 

The appl icat ion of electrochemical concepts in the flotat ion of 

sulphide mineraIs has helped to explain the formation of a range of 

surface species and demonstrates how the collector and oxygen 

interact at the mineraI surface (1). 

This work describes batch and continuous flotation tests using 

nitrogen as the flotation gas to modify the electrochemical 

reactions. Th'~ results are compared against air flotation. 

Sections 2 and 3 present a rev~ew of the theoretical background and 

the use of gases other than air in flotation. Section 4 describes the 

operating practice at the three plants involved in the work. 
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The test procedures for the three ores investigated are gi ven in 

Section 5. 

As described in Section 6, continuous in-plant flotation tests at 

Brunswick Mining were conducted in order to test a technique already 

proven on bench scale to lower the pyri te content in the sphaleri te 

concentrate generated frolT. complex sulphide ores (2). The proposed 

process produces copper/lead concentrate in the conventional way, a 

pyrite concentrate using nitrogen as the flotation gas and a zinc 

concentrate from the pyrite tailings. Results indicate improved zinc 

rougher grade at comparable recoveries (2). Tests also show that low 

purity ni trogen (95%), sometimes avai lable on-site at the smelter, 

can be used in the pyr; te flotation step, making the process more 

attractive. 

Laboratory testwork at Kidd Creek Mines demonstrated that ni trogen 

also enhanced the flot.ation of pyrite fcom zinc concentrate (zinc 

reverse flotation). Exploratory work at Kidd Creek demonstrated that 

using ni trogen in place of air on flotation circui t feed (primary 

grinding cyclone overflow) reduced the recovery of sphalerite to the 

concentrate wlthout affectlng the chalcopyrite recovery. 

In the case of Falconbridge ore, nitrogen flotation proved superior 

to air flotation for pyrrhotite rejection. Under sorne conditions 

chalcopyri te was aiso depressed by nitrogen. 
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2. THEORETICAL BACKGROUND. 

2.1. Flotation Mechanisms. 

Three modes of flotation are generally recognized: natural flotation, 

coiiectoriess (or self-induced) flotation and flotation induced by a 

collector. In the first case the mineraI i5 naturally hydrophobie; in 

the second its surface is made hydrophobic by reaetion with i ts 

environment. 

The natural floatabi 1 i ty of sorne sulphide mineraIs has al ways been 

questioned. However, flotation in the absence of eolleetors i5 

observed in industry; for example, flotat ion of molybdeni te. The 

hydrophobic character of MOS2 originates from the crystal struct ure 

of the mineraI and its preferred cleavage plane. The weakest bond is 

the s-~ bond and the crystal is broken between two sulphur layers 

upon impact in the size r~duction step. The sulphur atoms, which are 

hydrophobie, are then exposed on the surface. 

Collectorless flotation refers to the hydrophobiclty acquirect by 

electrochemical interaction with the environment. This can be induced 

through oxidation, for example, in the grinding circuit or by 

addition of chemicals such as sodium sulphide (3). Most sulphide 

mineral~ respond to collectorless flotation to varying degrees. 

Up to now the common practice involves the use oÎ collec...~ors. The 
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collector is the reagent which produces the hydrophobie fi lm on the 

mineraI particie. 

Most collectors in current use are surface act ive compounds with a 

heteropolar structure, i. e. they contain a polar and a non-polar 

group. When at tached to the mineraI part icle, such collector 

molecules are oriented so that. the non-polar or hydrocarbon group 

extends outward. This results in the formation of a hydrophobic 

hydrocarbon-type fi lm at the mineraI surface. 

2.2. React ions Leading ta the Formation of Sulphur. 

Sulphlde mineraIs apparently oxidize through a cont inuum of metal 

deflcient sulphides of decreasing Metal content up to elemental 

sulphur (4). 

Many investigators have proved that most sulphide mineraIs, under 

certain conditions of pulp potent ial and pH, can be floated in the 

absence of collectors (3, 5, 6). They suggest that if not oxygen 

itself at least an oxid1zing agent 1s requ1red for collectorless 

flotation. 

The collectorless flotat ion of chalcopyrite is probably the most 

widely studled. The key role of elemental sulphur in its 

collectorless flotation was verified by Gardner and Woods (7). 

Vol tammetric stud1es indlcated that floatabi 1 1 ty is associated with 
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anodic oxidation of the surface of chalcopyri te to produce CuS, 

iron hydroxide and S in alkaline solutions. 

CuFeS2 + 2H20 = 0.25Cu
2

+ + O.75Cu5 + Fe(OH)2 + 2H+ + 1.255°+ 

+ 2.5e 

Buckley, Hamilton and Woods (8) refuted these findings, arguing that 

voltammograms are not sufficiently discriminating te distinguish 

between the possible reactions and rei terating their confidence in 

the XP5 spectra. They extended their studies to include galena, 

bornite, chalcopyrite and pyrrhoti te and maintained that, for each 

mineraI, oxidat ion invol ves the progressive removal of Metal atoms 

leaving metal-deficient sulphides with sulphur lattices ooly 

marginally altered from the original structure. 

5ulphides wlth stoichiometries differing markedly from those of 

established stable sulphide phases have been identified. The overall 

general reaction suggested is: 

MS + XH20 = Ml-xS + xMO + 2xH+ +2xe 

Galena, ground and classified under reducing condi tions, is not 

floatable in the absence of a collecter. Subsequent oxidation 

generates a hydrophobie reaction product (9), possibly via the 

following intermediate reaction: 

PbS + XH20 = Pbl-xS +xPbO + 2xH+ +2xe 

2-
with further oxidation producing 5 and finally 504 . 

Sorne workers suggest that the actl vat ion of sphaleri te by coppel' 
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resul ts in the format ion of a covell i te (CuS) type surface (10) 

Further oxidat ion of the covell i te leads to the format ion of 

elemental sulphur: 

eus + 2H20 = 5° + CU(OH)2 + 2H+ + 2e 

Xanthate could interact with CU(OH)2 to for;n a copper xanthate 

surface complex. 

The oxidation of pyrrhotite is considered as a two stage process 

involving the sequential oxidation of Fe2+ and sulphur on the mineraI 

surface (11). The following equations are proposed : 

Part ial oûdation of Fe2+ to form the hydroxide and of 5 (anionic) to 

the polysulphide: 

FeS + H20 = [Fe(OH)a](S) + (2-a)H+ + (2-a)e-

Further oxidation of the polysulphide and complete hydroxylation of 

the Fe(OH)a: 

[Fe(OH)a] (5) + (3-a)H20 = Fe(OH)3 + 5° + 3H+ + 3e 

2-5ulphur will continue to oxidize to 50 •. 

Hamilton and Woods (12) found, through electrochemical studies, that 

pyrite oxidizes to both sulphur and sulphate. They found that the 

format ion of sulphur is restricted to the order of a monolayer at 

val ues of pH over 9. 
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2.3. Electrochemical Reactions in Collector-Mineral Interact lon. 

Interaction of the collector species wi th the mineraI surface is 

consider-ed to take place via coupled charge transfer processes 

invol ving anodic oxidation of the collector to form a hydrophobic 

species and cathodic reduct ion of oxygen. The potential difference 

across the mineral-solution interface is the important factor 

determining the rate of such reactions and hence the flotation 

behavior exhibited by the mir.eral (13). 

It is generally accepted that the interact ions between the 

constituents of sulphide mineraI flotation systems depend on the 

prior or simul taneous oxidation of the mineraI. The potent iai 

difference at the mineral-solution interface is an important 

parameter because i t determines the nature and the rate of react ions 

at the surface. 

Salami and Nixon (14) suggested that chemical interact ions on the 

surface would occur by an electrochemical mechanisrn Sulphides can 

act as a source or sink for electrons and consequently can support 

electron react ions at the surface. The concept of surface reacl ions 

proceeding by separate electrochemical steps is weIl eslabl ished in 

Many fields in which conducting materials are involved. Metal 

corrosion is a good example. 

There are several known reactions. One example is oxidation of 
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xanthate to dixanthogen, 

4ROCS2 + 02 + 4H+ = 2 (ROCS2) 2 + 2H20 

which occurs as the resul t of anodic oxidat ion 

2ROCS2 = (ROCS2)2 + 2e-

and the cathodic reduction of 02 

It is known that xanthates can react wi th sulphides by charge 

transfer reactions. For example, in the case of chalcopyri te, these 

reactlons may lead to cuprous xanthate by the reaction: 

CU(OH)2 + X- + e - = CuX + 20H-

or to cupric xanthate by the reaction: 

CU(OH)2 + 2X- = CUX2 + 20H-

Cupric xanthate is unstable and decomposes to cuprous xanthate and 

dixanthogen. There is a good correlation between flotation and the 

adsorption react ions and between the decrease in flotation and the 

reduct ion of ti1e adsorb€'d xanthate product (15). 

Pyrite-xanthate Interact ion has been studied for many years. It is 

well known that xanthate is oxidized to dixanthogen in the presence 

of pyri te and oxygen. Fuerstenau and co-workers (16) proposed three 

possible electrochemical react Ions for dixanthogen format ion: 

2X - (1/2)02 H20 20H - X2 + + = + 

2Fe3+ 2X - 2Fe2
+ X2 + = + 

2Fe(OH)3 6H+ 2X - ?F 2+ 6H2Ü X2 f + + = 
_ e 

+ + 
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The first mechanism was ignored because oxidation of xanthate by 

dissol ved oxygen has been shown to be negl igi ble (17). The author's 

thus postulated that the oxidation of xanthate to dixanthogen was due 

to elther Fe3
+ or Fe(OH)3. 

According to Peters and Majima (18) pyrite is in a passive state 

aîter exposure to air, and the surface fi lm formed may be adsorbed 

oxygen or an oxygen-sulphur compound. Assuming that adsorbed oxygen 

leads to passivity, Majima and Takeda (50) proposed the following 

~echanism for xanthate oxidation to dixanthogen: 

(1/2)02(adl +2X-(aql + H20 = X2(adl + 20H-(aql 

According to Majima and Takeda, electrochemical studies indicate that 

pyrit«:> is acting as a catalyst in allowing the one redox system, 

02(ad) and OH-(aql, to equilibrate with another, e. X- (aql and 

X2(ad). 

In a recent study, Wang and Forssberg (19) show that dixanthogen 1s 

not the sole species responsible for the flotat ion behavior of 

pyrite. They conîirmed the formation of Fe3
+ -xanthate compounds on 

the pyri te surface by Fourier spectroscopie st !ldies (FTIR). They al sa 

3+ argue that above the Fe -xanthate compound layer, dixanthogen and 

xanthate ions are co-adsorbed as multiple layers. 

Hodgson and Agar (20) suggest that xanthate 1s adsorbed on the 

pyrrhotite surface forming an Fe(OH)2X product. They suggest that the 
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adsorption of xanthate on the surface is through coulombic 

attraction. They proposed the following mechanism. 

FeS + H20 = Fe(OH)[S)+ + H+ + 2e (e.g. oxidation) 

Fe(OH)[S)+ + X- = Fe(OH)[S)X (e.g. coulombic attraction) 

Xanthate then oxidizes to dixanthogen through the reduction of oxygen 

at the pyrrhotite surface: 

2X- = X2 + 2e 

( 1/2 )02 + H20 + 2e = 20H-

In contrast, unlike pyrrhotite, the formation of dixanthogen on 

pentlandite was considered to originate from chemisorbed xanthate on 

the surface, according to the equilibria (20): 

(Ni) + X- = NiX + e 

NiX + X- = Ni(X)2 = NIX2 + e 

2.4. Importance of Pulp Potent1al. 

The importance of electrochemical interaction in sulphide systems has 

led to the recognition of pulp potential as an important parameter in 

flotation. 

The electrochemical potentials measured in the flotation pulp can be 

1nterpreted as 1ndicators of the readiness of the sulphide mineraIs 

to float. Selective flotation 1s possible if the target mineraI 1s 

made ready for flotation before the others. 
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The potential of a solid-solution interface is determined by lhe 

presence of oxidizing and reducing species in sol ut ion. In order lo 

monitor redox properties, it i5 customary to measure the potential of 

an indicator electrode placed in the sol ut ion. A noble metal (Au or' 

Pt) is generally used for this purpose 

resistance to corrosion. 

brcause of their high 

Pulp potent ial control can be maintained by potent iostat ic 01' 

chemical methods. Witt. potentiostatic control the pùlp potential can 

be readily manipulated to any desired value, whereas chemical control 

is less flexible. Chemical control, however, produces a more uniform 

electrochemical environment around the sulphide particles ln the 

pulp, whereas potentiostatic control is very dependent on the 

efficiency of electrode-particle contact. Only chemical control 1S 

used in plant practice. 

In presenting a detailed description of mineral-collector-oxygen 

interaction, it has often been suggested (1) that the mineraI surface 

must first be oxidized ta metal oxy-sulphur species which then 

exchange with collector ions in solution to form a metal collector 

compound. 

2.5. Galvanic Interaction. 

Sulphide mineraIs are semiconductors and they assume different 
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potentials in an aqueous medium. If they make contact with each other 

or with other conduct ing surfaces an electrochemical cell wi Il form. 

The mineraI or conductor with the higher l'est potential will act as a 

cathode whi le the anode wi Il be the mineraI or material wi th the 

lower rest potential. This particular type of electrochemical cell is 

called a galvanic cell and the electrochemical reaction occurring is 

called gal vanic interact ion. 

Gal vanic interact ions occur between mineraI and gri :lding medium 1 ike 

mild steel. An example is that of reaction between iron and 

sphaleri te where electrons are drawn from the metal to the mineraI 

and transferred to oxygen (Figure 3.1). 

The presence of galvanic interactions in flotation may be beneficial 

or detrimental depending on the system. In Figure 3.1 the sphalerite 

tends tn be depressed because of the galvanic couple. Iron ions being 

released form precipi tates of iron hydroxide which coat the 

sphalerite (Learmont and !wasaki argued this to explain depression of 

galena when contacted \.Ii th mi Id steel (21». 

Among aIl sulphide mineraIs, pyrite has the highest l'est potential. 

Electrochemical studies on pyrite (18) showed that the surface of 

pyrite, with a l'est potentiai of +0.66 Volts, may be regarded as 

electrochemically passive. From this, when pyrite is in p,alvanic 

contact with other sulphide mineraIs, their oxidation wi 11 be 

enhanced. Such 15 the case of sphaierite when it is in contact with 

12 
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pyrite (Figure 3.2). The reaction that takes place on the surface of 

the sphalerite particles is the oxidation: 

2+ 0 -ZnS = Zn + S + 2e 

While on the more noble mineraI, pyrite, oxygen 1s reduced by the 

reaction: 

~02 + H20 + 2e - = 20H-
2 

In this case, sphaleri te may become hydrophobie even in the absence 

of collector because of the formation of elemental sulphur at the 

mineraI surface. 

Gal vanic interact ions in several sulphide systems have been studied 

in detail by lwasaki and co-workers (21, 22). 

Nakazawa and lwasaki (23) showed that the flotation of pyrrhotite 

decreased with increased aeration and act i vlty of oxygen. They 

suggested that the decrease in the recovery of pyrrhot l te was 

attributable to the formation of a surface film such as iron 

hydroxide, on the pyrrhotlte. However, the recovery of pyrrhotite 

increased when pyrite was present in the system. Since pyrite is more 

cathodic than pyrrhot i te, i t wi Il act as a cathode and pyrrhot i te as 

an anode upon contact. The gal vanic interact ion is dependent on the 

activity of oxygen in the slurry sinee oxygen ls required as the 

electron accepting element.Galvanic contact accelerated the oxldation 

of' pyrrhot ite. Apparent ly, the precipi tates of iron hydroxide were 
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Fig 3.1 Galvanic interaction between sphalerite and 
grinding media. 

Fig 3.2 Galvanic interaction between sphalerite and 
pyrite particles. 
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formed by the reaction of iron ion released by pyrite itself. It has 

been demonstrated (24) that the type of grinding mi Il, grinding 

media, and chemical environment wi thin the mi Il have a considerable 

effect on the flotation of sulphide mineraIs, in part because of the 

gal vanic contacts made. 

2.6. Factors Affecting Selectivity in Sulphide Flotation. 

Rey and Formanek (25) investigated various factors affect ing the 

selectivity of lead-zinc separation and reported that pure sphalerite 

ground in a porcelain mill, alone or in a mixture with silica, showed 

natural floatability. Grinding in an iron mill or in the presence of 

Iimestone decreased the floatability and addition of iron powder lnto 

the porcelain mi Il had the same effect as grinding in an iron mi Il. 

The suppression could be attributed to the strongly reduclng 

environment in an iron baIl mill, which is a result of the reactions: 

or 

Fe ++ + 2e 
o 

= Fe 

Fe(OH) + 2e = Fe 0 + 20H-
2 

E
O = -0.440 V 

E
O = -0.877 V 

This hypothesis is further supported by more recent work concerned 

with galena flotation. 8atch tests (26) on an ore that contained 

lead, zinc and iron sulphides showed that, when the relatively low 

pulp potential that resulted f~om grinding was maintained in the celi 

by use of nitrogen as the flotation gas, galena flotation was 

suppressed and a mineraI ized froth wi th a high 1ron assay was 
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obtained. Aeration of' the pulp followed by notation with air 

resulted in normal flotation of' galena. In some tests in which air 

was the flotation gas bul pre-aerat ion was not carried out. the 

content of f'roths collected during the first half minute of 

f'lotat ion was usually low in lead and high in iront whereas 

subsequent froths assayed much higher in lead content. I t is known 

that aeration rapidly l'aises the Eh of' a reduced pulp (lB) and it is 

Inferred that the effects observed ln the above batch tests \lere due 

to the Eh values established during the tests. 

2.7. Mechanisms of Pyrite and Sphalerite Flotation. 

Rao and Finch (27) found that when flotation is conducted in air from 

a galena-pyrite mixture galena is preferentially floated in the early 

stages and when flotat ion is conducted in ni trogen pyri te floats 

f'aster than galena. With a pyrite-sphalerite mixture, nitrogen 

enhanced pyrite flotation also. This preferential flotation of pyrit~ 

with nitrogen may be exploitable. 

In plant practice gal vanic Interference appears to be beneficial 

since 1t favors pyrite depression by lowering the potential (and 

therefore the likelihood of dixanthogen formation) as well as 

promotlng OH- formation whlch competes wi th xanthate uptake. 

Xanthate uptake by pyrite alone is low under conditions where the 

xanthate solution was prepared in nitrogenated water. Rao and Finch 
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1 (28) suggest that this may be related to the dpop in the potential of 

pyrite due to the reduct ion of oxygen content «0.8 ppm) upon 

nitrogenCltion. The results are different when the pypite 1s mixed 

with xanthate in disti lled water which has not been nitrogenated. In 

this case the potential of pyrite in contact with xanthate solution 

i5 not lowered. The introduction of nitrogen al the adsorption stage 

helps to weaken the galvanic interaction between pyrite and 

sphalerite. Since pyrite is nobler than sphalepite it functions as a 

cathode drawing electrons when the two mineraIs are in contact. The 

dissolved oxygen in watep accepts these electrons to form hydpoxide 

which competes with xanthate for adsorption sites. Upon nitrogenation 

the oxygen content is reduced, the gal vanic interaction is 

interrupted and xanthate is able to adsorb mope freely at pyrite. 
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3. USE OF GASES OTHER THAN AIR IN FLOTATION. 

3. 1. 1 ntroJuct ion. 

Use of gases other than air in froth flotation has been reported from 

time to tlme. For example, in the case of nonsulphides, Lin and 

Metzer (29) studled the effects of hydrocarbon gases. In the case of 

sulphldes, ni trogen is now widely used ln the separat ion of Mo/Cu, 

probably initiated by the work of Podobnik and Shirley (30) at 

CuaJone. 

Two gases which are used as r(; agents in sulphlde flotat ion are 

sulphur dioxlde and oxygen. 

Sulphur dioxide (502) is employed as a sphaleri te and pyrite 

depressant. One explanat ion for this depression is the format ion of 

metal sulphites on the mineraI surfaces, which inhibit collector 

adsorption (31). Other suggested mechanisms are xanthate 

decomposition due to a S02-promoted oxidation reaction, and retarded 

collector adsorption due to a shift of the redox potential to an 

unfavorable range (32). 

The mineral-reagent oxidation reactlons due to the presence of oxygen 

has been the subJect of research and controversy for many years. The 

importance of oxygen ln sulphide flotation using xanthate type 

collectors has been weIl recognlzed (33) and it has been found that 
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... its role varies from mineraI to mineral. 

3.2. The Use of Ni trogen. 

Of all the gases, nitrogen would appear to hold the greatcst 

pract ical promise because of i ts ready avail ab il i ty and chemi cal 

inertness. Burger (34) reports that a copper/molybdenum bul k 

concentrate is normally floated wi th the use of conventional 

collectors (xanthate and dithiophosphate). The natural hydrophobicily 

of molybdenite is taken as an advantage for Us separatlOn t'rom 

chalcopyri te which is depressed by removing its co llector coati ng 

with a strong reducing agent (e. g. sodium hydrosulphide or Nokes 

reagent) . 

Burger notes that sodium hydrosulphide, like any other strong 

reducing agent, is readily oxidized by dissolved oxygen during 

flotation and as a result up to 8 kg/tonne of sodium hydrosulphide is 

used which amounts to r.ll..ire than 300 times the 25 g/tonne that is 

needed according to stoichiometric considerations. The use of 

ni trogen in chalcopyri te/molybdeni te separat ion, therefore, lS 

largely to reduce the consumption of hydrosulphide. The same holds 

true in the case of Nokes reagent (a polysulphide compound) which is 

aiso used as a depressant for chalcopyri te. 

Savings by using ni trogen are often considerable. Podobni k and 

Shirley (30) reported that the savings in reagent consumption were 
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l over 50%. Redfearn (35) reports that at Gibraltar Mines, the savings 

in sodium hydrosulphide consumption have been more than 75%. In The 

Soviet Union the use of ni trogen has been reported to reduce reagent 

costs by about 50% (36). 

Metallurgically, nitrogen has two important properties: it lowers the 

dissol ved oxygen in the pulp and, as a consequence, reduces the pulp 

potential of the system. Selective flotation of sulphides is affected 

by both of these changes. 

The reduced concentration of oxygen in the pulp affects galvanic 

interact ions between sulphide mineraIs (37, 38). As discussed in 

Section 2, pyrite is the most cathodic of the common sulphide 

mineraIs and draws electrons from less cathodlc contactlng mineraIs. 

The electron flow is maintained by the presence of oxygen which acts 

as an electron accepter to form hydroxyl ions. The hydroxyl ions at 

the pyrite surface make the mineraI hydrophilic or, at least, less 

hydrophobic (1). In presence of nitrogen which lowers the activity of 

oxygen to <1 ppm this galvanlc interaction is hindered by the 

eliminat ion of the oxygen and the pyrite is rendered floatable. 

The reduced pu1p potential which accompanies the 10ss of oxygen may 

itself play a role in, for example. mineral-collector interaction. 

Generally, sulphide-xanthate interaction ceases below a certain 

potentia1 value which depends on the mineraI (s) system. 
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From a pract ical point of view ni trogen 1s becoming cheaper ta 

produce and is often avai lable on-si te as a by-product from oxygen 

plants. with around 95% purity. It 1s chemically inert and poorly 

soluble in water. Recent developments in column flotation (including 

the Jameson cell) where usually less gas is required than in 

mechanical cells, and covered cells permitting gas recycling also 

give an incentive to investigation of gases other than air in the 

flotation process. 
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4. ORE SAMPLES AND PLANT PRACTICE. 

4.1. Brunswick Minlng and Smelting (BMS). 

The ore is composed of approximately 80 percent sulphide mineraIs 

w1 th the remaining 20 percent being mainly quartz, calci te and 

silicate mineraIs. Massive pyrite is the predominant mineraI and is 

the main contaminant of the concentrates produced. The economic 

mineraIs are chalcopyrite, galena, sphalerite and silver mineraIs An 

approximate mineraI composition of the Brunswick Mining and Smelting 

(BMS) ore is given in Table 4.1 (39). 

TABLE 4.1. Mineral Composition of B.M.S. Mill Feed. 

MINERAL DI STRIBlIT ION , % 

Sphalerite (ZnS) 15.0 

Chalcopyrite (CuFeS2) 1.0 

Galena (PbS) 4.0 

Pyrite (FeS2 ) 60.0 

Quartz (S102) 12.0 

Calcite (CaC03) 1.0 

Pyrrhot1te (Fe7Sa) 1.0 

Sphaleri te from the Brunswick Mining ore conta1ns approximately 6 
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& percent Fe and 60 percent Zn as reported by Hendriks et.al. (39) 

Sorne of the other mineraIs present in the ore body are arsenopyri te 

(FeAsS) , marcasite (FeS2), boulangerite (5PbS·2Sb2S3), stannite 

(Cu2FeSnS4), cassiterite (Sn02), and pyrargyrit.e (Ag3SbS3). Silver is 

mainly present as tetrahedrite «Cu,Fe,Zn,Ag)12Sb4S13) 

Mine production is entirely from underground. Currently the mi Il 

processes over 10,000 tonnes of run-of-mine ore pel" day (40). 

Figure 4. 1 presents the BMS general plant flowsheet. The crusher 

circuit generates a product of minus 1. 2 cm. The grinding circui t 

consists of rod and baIl mi Ils and two stage cyclones size the mi Il 

products (41). The primary cyclones classify the rod mlll discharge 

and are in closed circuit with the secondary baIl mill. The secondary 

cyclones are in closed circuit with lhe lertiary baIl mi" 

The Brunswick Mining ore is fine grained and the currenl praclice is 

to carry out a rougher flotat ion al a fineness of about 65 percent 

passing 400 mesh (-37 ~m). Cleaner circuil feeds need to be reground 

lo about 95 percent under 37 ~m in order lo oblain satisfactory final 

cOllcenlrate grades. 

Soda ash 1s added to mainlain the pH at 8.8 in the grinding circui l 

and 150 g/tonne of sulphur dioxide are added to depress pyrite and 

sphaleri te in t.he bulk flolal ion. The secondary cyclone overflow is 
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Figure 4.1 General plant flowsheet of Brunswick Minlng and Smelting. 
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fed to an aeration tank with a retention time of 25 mlnutes tu 

further depress pyri te flotation. F1otation is carf'Îed out by uSlng 

30 g/tonne of a mixture 80-20 of sodium isopropy1 xanthate-sod. Jm 

amy1 xanthate and 20 g/tonne Cyanamid AEROFLOAT 241 (u 

di thiophosphate collector). 

Bulk flotation produces a concentrate containing 18% combined coppel" 

and lead which is reground to 5:80% minus 400 mesh. Two stages of 

cleaning produce a concentrate containing 29% lead and 2.5% coppel". 

The bulk c1eaner tai ls together wi th the bu1k scavenger tai ls form 

the zinc flotat ion feed. 

The bulk cleaner concentrate is treated with acti vated carbon lü 

remove the excess of collector and with starch which helps tü de press 

the galena. Sulphur dioxide 1s then added ta maintain the pH at 4.8 

for coppel" flotation. 10-20 g/tonne of Cyanamid AERO 3894 is used for 

copper flotation which is followed by three stages of cleanlng The 

final copper concentrate contains 22% coppel" and 6% lead. 

Tails from coppel" flotation circuit are reground to 5:85% minus 400 

mesh (-37 #lm) before being fed to the :dnc/lead separation circuit. 

o 
The mi Il discharge is heated to 70 C to destroy the collectaI" or 

starch remaining from the coppel" flotation c1rcui t. The pulp 15 then 

o 
cooled to 35 C. 

Lime is added to ralse the pH to 10.8 and 1000 g/tonne coppel" 
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sulphate 1s added to activate the zinc mineraIs. A bulk rougher 

concentrate is then floated with xanthate and cleaned twice, 

producing a final bulk lead/zinc concentrate containing 34% zinc and 

18% lead. The tai1ings from this circuit is the final lead 

concentrate assaying 35% lead and 5% zinc. 

The zinc circuit is conditioned with 650 g/tonne of copper sulphate, 

30 g/tonne of xanthate and 20 g/tonne of Cyanamid' s AERO 3894. A zinc 

rougher concentrate assaying 34% zinc is obtained from 32 Outokumpu 8 

m3 cells. This concentrate is reground to 95% minus 400 mesh (-37 f.Lm) 

and floated thre.! tlmes in a closed zinc cleaner circuit and a final 

zinc concentrate assaying 52% zinc is obtained. 

4.2. The Kidd Creek Concentrator. 

The Kidd Creek Concentrator 1s located 28 km east of Timmins, 

Ontario. 

The concentrator until recently treated two types of ore: "A" type (a 

copper-zinc ore with low silver values) and "C" type (a 

copper-Iead-zinc ore with high sil ver values) at a combined rate of 

over 12,000 tonnes per day. ( Product ion from C-type has now ceased) 

Flotat ion of the crushed and ground ore yields copper and zinc 

concentrates from the "A" type ore, and copper, lead and zinc 

concentrates from the "c" type ore. A general plant flowsheet is 
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1 shown in Figure 4.2 for the "A" type ore and in Figure 4.3 for thl: 

"C" type ore. 

The Kidd Creek ore body 1s separated into two distinct zones, the 

North Orebody and the South Orebody. The North Orebody inc 1 udes 

copper ore, mainly chalcopyrite, and a massive sphalerite-pyrite ore 

containing native silver and galena. The South Ore body 1s 

characterized by a mixed ore containing massive sphalerite and 

chalcopyrite with lower silver, pyrite and galena concentrations. 

Prlmary crushing at the mlnesite reduces the run-of-mine ore to minus 

150 mm. The ore is transported to the fine crushing plant where 

two-stage crushing reduces the primary underground crushi ng product 

ta minus 16 mm. 

The grinding section comprises Îour parallel divisions. Three 

divisions ("A", "B" and "C") treat copper-zinc ore (known as "A" ore) 

while the Îourth di vision ("0") treats either copper-zinc or 

copper-lead-zinc ore. 

In the three grinding divisions treating copper-zinc ore, the ore 1s 

ground in an open-circlllt rod milI. Rad mi 11 discharge is combined 

with primary ball mi 11 discharge to feed primary cyclones. Cyclone 

underflow 1s rec1rculated to the primary ball mi11 and cyclone 

overflow Îeeds the primary copper roughers. Primary rougher flotation 

tails are ground in the secondary baIl mill before secondary coppel" 
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and zinc flotat ion. Regrind mi Ils treat copper and zinc f'lotat ion 

middl ings. 

The copper-lead-zinc ore (known as "C" ore) is ground in an 

open-circuit rod mill followed by primary and secondary baIl miJling 

operated in closed-c1rcuit. A regrind lIIi11 treats zinc f'lotation 

mlddl1ngs. 

4.2.1. Copper-zinc ("A") Ore. 

The primary grinding circuit product is sized at 50% minus 325 mesh 

(-44 ~m). Conditioning with lime to pH 6.8, Cyanamid reagents 3418A 

and R208 as collectors, sodium cyanide (NaCN) and sulphur dioxide 

(502) as pyrite and sphaleri te depressants, and methyl isobutyl 

carbinol (MIBC) as frother prepare the mineraI surface for flotation. 

Primary f'lotation is performed in three banks of five Wemco-Fagergren 

3 
No. 66 machines each of 1. 7 m capaci ty. 

Secondary rougher flotat ion feed, ground at 78% minus 325 mesh (-44 

",m), is conditioned and aerated to produce a prefloat concentrate. 

Cyanamid' s 3418A collector and MIBC are added to the secondary 

rougher feed prior to flotation. 

Scavenger flotat ion follows secondary rougher flotat ion. Cyanamid' s 

3418A and R317 collectors are added. 
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Primary a.nd secondary flotat ion concentrates are combined wi th the 

secondary cleaner tails to feed the first cleaning stage (Figure 

4.2). The secondary rougher prefloat concentrate combines wi th the 

second cleaner concentrate for the third cleaning stage feed. First 

cleaner tails and scavenger concentrate are combined and sent to the 

regrind mi Il. After regrinding, this material combines wi th the 

secondary cyclone overflow as the prefloat conditioner feed. Third 

cleaner tails are recycled to feed the second cleaning stage. 

Coppel" flotation taUs are the feed for the zinc flotation circuit. A 

condi tioning stage for the zinc rougher feed 1s performed by adding 

Cyanam1d' s R317 as collector, Dowfroth 250 as frother, CUS04 as 

sphaleri te acti vator and 1 ime tn adjust pH to 10. O. Rougher 

concentration 1s followed by scavenging wh1ch is split into two 

scavenger concentrates. Rougher and primary scavenger concentrates 

are conditioned with lime before three stages of cleaning at pH 10.5 

to 11. O. Secondary scavenger concentrate and al! cleaner tails are 

combined and fed to t.he regrind mi Il. CUS04, Dowfroth 250 and 

Cyanamid' s R317 are added to the cyclone overflow, which returns to 

the rougher flotation bank. 

4.2.2. Copper-lead-zinc ("C") Ore. 

A grinding product of 73% minus 325 mesh (-44 /lm) is fed to the 

flotation circui t ("0" di vision) as shown in Figure 4.3. 
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Copper flotation is carried out at pH of 8.5. Conditioning before 

flotation is done by aeration with the addition of S02, R317 and/or 

R208, MIBC or Dowfroth 250 and lime. The rougher and first scavenger 

concentrate are fed ta a three-stage cleaning circuit after the 

addition of Dowfroth 250. The first cleaner tails and the second 

scavenger concentrate are sent to the copper middl ings bank. The 

middl ings concentrate is then combined wi th the copper cleaner feed. 

The middling tails, together with the scavenger tails are fed to the 

lead circuit conditioner. Tails from second and third cleaning stages 

are recycled to the head of the previous cleaning stage. 

Lead flotation feed is conditioned at pH 8.2~ adding R317, R208 and 

MIBC. The ceU configuration i5 identical to that of the copper 

circuit. 

The zinc flotation circuit of the "c" type ore is similar to that of 

the "A" type ore except that the pH is adJusted to 10 in the rougher 

stage and to 11. 5 in cleaning to help in the depression of pyrite. 

4.3. Falconbridge Limi ted (Strathcona mi Il). 

Feed to the Strathcona mil 1 cornes from five mines located in the 

Sudbury area. The ore contains between 1 and 2 % Ni and between 0.8 

and 1.1% Cu. The principal const i tuents of the ore processed at the 

Strathcona mill are given in Table 4.2. 
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TABLE 4.2. Principal Const ltuents of Strathcona Mill Ore. 

Pentlandi te ( Fe, Ni)sSa 

Chal copyr i te FeCuS2 

Ni cke Il i ferrous pyrrhot i te: 
monoclinic Fe7Sa 
hexagonal 

Pyri te FeS2 

Feldspar Aluminosilicates mainly of 
Ca, Na and K. 

r--' 

Quartz 502 

Mica Hydrous aluminum silicate 
mineraIs with basal cleavage 

Talc Mg3Si4010(OH)2 

Chlorite Si licate mineraIs with a 
cleavage paraI leI ta (001 ) 

MineraIs of cobalt, selenium, silver, platinum, palladium, rhodium, 

iridium, and ruthenium are also found as secondary mineraIs. 

The Strathcona mill flowsheet is shawn in Figure 4.4. It consists of 

three separate grinding circuits. Circuits "A" and "B" consist of rod 

and baIl milling in series, feeding two flotation circuits ("A" and 

"B"). Circuit "C" consists of ball mill lng in closed circui t which ls 

used for a special high coppe .. content ore. 

The ore for circuits "A" and "B" is ground to 55-6m~ minus 200 mesh 

(-74 flm) to achieve Uberation. Primary roughers penerate a bulk 

33 



( 

( 

• 
BALL 
MILL 

ROO 
MILL 

MILL FEEO 

-
KEY TO PRINCIPAL REAGENT POINTS: 

• Collector 
• Copper sulphate 
• Cyanide 

Lime 

>1::: Sulphuric acid 

PRIMARY ROUGHER • SECONOARY ROUGHER. * SCAVENGER 
~::J;I:rD~j---......!!!!~~~tJ:ï~:G.~QÇèIIQ;:r-+FINAL TAILS 
-

• 

.C" FEED 

Cu CONC 

FINAL 
TAILS, 

BALL 
MILL 

KROW 
CuCLEANERS 

NON MAGS 
FLOTATION 

Cu·NICONC 

MAGS 
REGRINO 

PYRRHOTITE 
TAILS 

FINAL TAILS 

Figure 4.4 General plant flowsheet of Falconbridge Ltd. (Strathcona mill). 
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copper-nickel concentrate using 14 g/tonne of sodium lsobutyl 

xanthate, 12 g/tonne of Dowfroth 250 and adjusting the pH to 9 2 with 

lime. Primary rougher concentrate from circuits "A" and "S" 1s fed to 

the flotation column 1 and rougher concentrate from "C" cH'cui t is 

fed to the flotation column 2. Each of the columns are operated 1 n 

closed circuit with a bank of flotation cells. The pH of the pulp fed 

to columns is adjusted at 12.3 using lime and cyanide is used to 

depress nickel and iron sulphides. Concentrates from columns 1 and 2 

form the final copper concentrate. 

The primary rougher tails are floated for nickel in the secondary 

rougher circuit at a pH of 9.2 adjusted with lime. ThIS concentrate. 

which should contain small amounts of copper and pyrrhotite. 1s 

combined wi th tai 1s from rows M and K (copper roughers and copper 

cleaners respectively) and shipped to the Falconbridge smelter after 

thickening. 

The secondary rougher tails are scavenged for nickel 1 iferrous 

pyrrhotite at a pH of 8.2 adjusted with H2S04. Pyrrhotite is 

activated wi th CUS04 and floated using 50 g/tonne of sodi um 1sobutyl 

xanthate and 12 g/tonne of Dowfroth 250. The scavenger concentrate 15 

fed to two magnetic (0.1 Tesla) drum concentrators. 

The magnetic product is reground to 80% minus 325 mesh (-44 ~m) and 

then floated in the magnetics ("mags") circuit. The concentrate 1s 

combined with the copper-nickel concentrate and the tails discarded. 
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The non-magnetic fraction ("non-mags") 1s floated, af'ter being 

thickened to about 28% solids, to recover nickelliferrous pyrrhotite 

at a pH of 8.2 and using sodium isobutyl xanthate as collector; the 

tails are discarded. 
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5. EXPERIMENTAL PROCEDURE. 

Flotation testwork comparing nitrogen versus air as the flotation gas 

was carried out at the three plants, Brunswick Mining, Kidd Creek 

Mines, and Strathcona Mi 11 (Falcou':' idge Limi ted), 

5.1. Brunswick Mining Testwork. 

Testwork on Brunswick Mining ore was done on bench scale at McGi Il 

University and in continuous minicells at the plant, 

For bench scale flotation, the ore received Ïrom the plant was dried 

o 
at 90 C to avoid oxidation oÏ the ore and crushed using a Peacock. 

Brothers cone-crusher with a synchronous mator of 5.6 kW, The crusher 

product was set to 100% minus 6 mesh (-3175 ~m) by using a screen and 

returning the oversize to the crusher. 

The crusher product was spI i t into 1 kg samples using a rotary 

splitter model M12 from Desert Laboratories, Tucson, Arizona, 

The ore was ground in a Research Hardware rod mill (Type L-l) at 60% 

soUds. The mill was stainless steel and was 230 mm long by 178 mm 

diameter; the grinding media charge consisted of 15, 18mm by 225 mm 

rods, 2, 23 mm by 225 mm rods and l, 30 mm by 225 mm rods, aIl 

stainless steel. 
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Grinding Ume was set to 30 minutes which produces a discharge sized 

at 65% minus 400 mesh (-37 ~m) which is comparable to plant practice. 

In the case of labor'atory flotation tests performed at McGill 

Uni versity a 2.5 1 iters Leeds cEll was used (Figure 5.1). The cell 

body in which the flotation takes place is mounted on top of the base 

uni t. Gas control equipment is mounted on a post at tached to the back 

on the base unit. The impeller speed is controllable. 

The standard flotat ion procedure for the Brunswick Mining ore at 

McGill University is summarized in Table 5. 1. 

{ 
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TABLE 5.1. Test Procedure for B. M. S. Ore at McGill. 

GRINDING: 
Mi 11 Rod 
Media Stainless Steel 
Depresant (g/t) ZnS04 (1200) 
pH (mod i t'1er) 8.0 Cl ime) 
Product size, r. -37 j.tm 70 

FLOT A TI ON CELL: 
Type Leeds 
Capacity, 1 2.5 

PRE-AERATION: 
Time, min. 10 
Air flowrate, l/min. 3 
Impeller speed, rpm 1000 
pH (modifier) 8.5 (lirne) 

Cu/Pb CONDITICNING: 
Time, min. 5 
pH (modifier') 8.5 (lime) 
Collector (g/t) Sodium Isopropyl Xanthate (80 ) 
Frother (g/t) Methyl Isobuthyl Carbinol (l0) 
Flotat ion gas (l/min. ) Air (5) 

Fe CONDITIONING: 
Time, min. 5 
Conditioning gas O/min. ) N2 (3) 
pH (modifier) 8.5 (lime) 
Coilector (g/t) Sodium Isopropyl Xanthate (20) 
Frother (g/t) Methyl Isobuthyl Carbinol (l0) 
Flotation gas (l/min.) N2 (5) 

Zn CONDITIONING 1: 
Time, min. 10 
Activator (g/t) CUS04 (1200) 
pH (modifier) 10 (lime) 

Zn CONDITIONING 2: 
Time, min. 2 
Collector (g/t) Sodiwn Isopropyl Xanthate (80) 
Frother (g/t) Methyl Isobuthyl Carbinol (l0) 
Flotation gas Cl/min.) Air (15) 
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For cont inuous on-site flotat ion tests, il. sample was contlnuous ly 

pumped from the last cell of the copper-lead flolation bank. 

Flotation tests were carried out continuously in Noranda designed 

minicells. 

The minicells are 5 liters capacity and have automatic level 

adjustment. FJowrate was control1ed by calibrated plugs in the head 

tank with a diaphragm pump between the cells. The addition of 

reagents was done by a Cole-Parmer peristaltic pump model 7553-50 and 

three low flowrate pumps model C531-25T (George O. Hill Supply Ltd. ) 

Pulp potential (Ep) was measured uslng a Cole-Parmer gold electrode 

(model N-05994-2Sl and the oxygen content was obtained using an Orion 

oxygen electrode model 97-08-99. The pH was measured with a standard 

pH meter electrode (Hanna Instruments model HI-1210) AlI electrodes 

were connected to voltmeter/pH meter (Hanna Instruments model 

HI8424). 

Figure 5.2 presents the details of a minice 11 and Figure 5.3 shows 

the flowsheet tested. The scheme consists of ni trogen flotation of 

pyri te ahead of sphaleri te flotation. Tables 5.2 and 5.3 show the 

conditions followed in the different tests. 
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Fig 5.2 Five-litre continuous flotation cell (minicell). 
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TABLE 5.2. Pyrite Flotation Conditions. 

Test Pulp Flowrate Nominal Collector 
# l/min. Retent ion Time (g/t) 

1 0.8 Q< 6 min. No addi tion. 

2 1.7 "" 3 min. No addi tion. 

3 3.3 Q< 1. 5 min. No addi t ion. 

4 0.8 6 min. 
80% X343 & 20% X350 

Q< 

(20) 

TABLE 5.3. Sphalerite Flotation Conditions. 

Option 
Pulp Flowrate CUS04 addition 

CaO addition l/mln. g/t 

1 0.8 1100 No addition. 

2 0.8 No addition. to pH 10.5 

3 0.8 1100 ta pH 10.5 

5.2. Kldd Creek Testwork. 

Prevlous work at Kidd Creek had shown some promise for selective 

flotation of pyrite using nltrogen (2,42). Aiso it was found that 

even using low grade nitrogen (95% purity) it is still possible to 

obtain good selectivity of pyrite (43). 

8ased on the above findings, a series of tests were conducted to 

explore the application of nitrogen in a zinc-rich stream as weIl as 

in a primary grinding cyclone overflow at the Kidd Creek Mines 

( 
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Concent rator. 

Laboratory flotation testwork was performed on-site to evaluate zinc 

reverse flotation and chalcopyrite flotation. 

Work on zinc reverse flotation was done at Kidd Creek Mines using 

samples from the final zinc concentrate stream. Flotation tests were 

aIso performed on samples taken from primary grinding cyclone 

overflow. Once again nitrogen was compared versus air. 

Monitoring of pH, pulp potential and oxygen content variables was 

done by using the same equipment described in Chapter 5, Section ~ 1. 

The procedure followed for flotation of the cyclone overflow samples 

is summari~~d in Table 5.4. 

Table 5.5 presents the procedure followed at Kidd Creek Mines for the 

zinc reverse flotation tests. Samples were taken in pairs to analyze 

the effect of the variables investigated. 
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TABLE 5.4. Test Procedure Followed at Kidd Creek Mines for Samples 
from Cyclone Overflow. 

CONCEPT AIR FLOTATION N2 FLOTATION 

FLOTATION CELL: 
Tipe Denver Denver 
Capacl ty, 1 4.0 4.0 

PRE-N 1 TROGENAT ION: 
Time, min. ----- 5 
N2 flowrate, l/min. ----- 3 
Impeller speed, rpm 1500 1500 

PULP CONDITIONING: 
TI. me , min. 2 2 
Collector (g/t) R-3480A (100) R-3480A (100) 
Frother (g/t) MIBC (20) MIBC (20) 

TABLE 5.5. Test Procedure Followed at Kidd Creek Mines for Zinc 
Reverse Flotat ion Experiments. 

TEST SAMPLE CONDITIONS 

Final 
0 

1 
Zn Cane. Heat ta 80 C, then 502 addition to 

(circu i t A) pH = 4.5 and air flotat ion. 

2 " 5ame as 1 but usingN2. 

0 

3 " 
Heat ta 80 C, 502 addition and flota-
tion without eond i t ion i ng using N2. 

4 " 
5ame as 3 but using 20 min. of condi-
tioning after 502 addi tian. 

5 " 5ame as 4 but using air. 

6 " 5ame as 5 but hea t ing ta 
0 

65 C. 
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5.3. Falconbridge (Strathcona mi Il) Testwork. 

In the case of Strathcona mill ore, bench scale tests were performed 

on-site and at McGill University. Microflotation tests using 1 gr'am 

samples were also conducted on pyrrhot i te iso lated from a 

pyrrhotite-rich stream. 

The tests completed on-si te were done using a four litre Denver 

laboratory flotat ion cell and the condi tions presented in Table 5.6 

were followed using nitrogen as the flotation gas in one case and air 

in the other. 

TABLE 5.6. Test Procedure Followed at Strathcona Mi Il. 

AIR FLOTATION N2 FLOTATION 

FLOTATION CELL: 
Type Denver Denver 
Capacity, 1 4.0 4.0 

PRE-NITROGENATION: 
Time, min. ----- 5 
N2 flowrate, lImin. ----- 3 
Impeller speed, l'pm 1500 1500 

PULP CONDITIONING: 
Time, min. 2 2 
Collector (g/t) Xanthate (100) Xanthate (100) 
Frother (g/t) MIBe (10) MISe (10) 

The test procedure for bench scale tests at McGi Il UnI vers i ty Is 

described in Table 5.7. In this case a coppel' activated scavenger 
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flotat ion step was carr'ied out after the rougher flotat ion. 

TABLE 5.7. Test Procedure for Bench Scale at McGill University. 

AIR FLOTATION N2 FLOTATION 

FLOTATION CELL: 
Type Leeds Leeds 
Capacity, 1 2.5 2.5 

PRE-N 1 TROGENAT ION: 
Time, min. ----- 5 
N2 flowrate, lImin. ----- 3 
Impeller speed, rpm 1000 1000 

PULP COND l TI ON 1 NG: 
Time, min. 2 2 

ROUGHER FLOT A TI ON: 
Time, min. 4 4 
Collector (gft) Xanthate (60) Xanthate (60) 
Frother (g/t) MIBC (10) MIBC (10) 

SCAVENGER FLOTATION: 
Time, min. 10 10 
CuSO. (gft) 30 30 
Collector (gft) Xanthate (40) Xanthate (40) 
Frother (g/t) MIBe (10) MIBC (10) 

Test procedure to evaluate if diethyl amine acts as a pyrrhot ite 

depressant 15 summarized in Table 5.8. (This was tested to compare 

with ni trogen as a depressant: such amines are being considered as 

depressants for iron sulphides (44». 

f ... 
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TABLE 5.8. Test Procedure Followed at McGill for Pyrrhotite 
Depression Tests Using Diethyl Amine. 

Wi thout amine 50 g/t amine 
pH pH 

6.0 9.2 6.0 9.2 

FLOT A TI ON CELL: 
Type Leeds Leeds Leeds Leeds 
Capacity, 1 2.5 2.5 2.5 2.5 

AMINE ADDITION: 
Addition rate, g/t ----- ----- 50 50 
Conditioning time, min. ----- ----- 2 2 

PULP CONDITIONING: 
Time, mLl. 2 2 
Collector (g/t) Xanthate (100) Xanthate (100) 

Frother (g/t) MIBC (10) MISC ( 10) 

Concentrates were collected as a function of Ume for up ta 13 mi n. 

The oxidation-reduction potential of the pulp was measured using a 

gold electrode while the oxygen content was obtained using an Orion 

oxygen electrode. The pH was measured using a standard pH meter 

electrode. In aIl cases, the electrodes were connected to volt/pH 

meters (Hanna Instruments model HI8424). 

A Hall imond tube waS used for microflotat ion tests on pyrrhati te 

obtalned from the non-magne tic rougher flotat ion tai 1" from 

Strathcona mill. The sample was prepared by washing it three Urnes 

wi th deoxygenated hot water at pH ==2 then wi th acetone (to remove 

collector coating) followed by drying at room temperature. Tests with 

and without collector (amyl xanthate) were l'un at pH 6.0, 9.0, and 

10.5 using air as the flotation gas. Concentrate was collected for a 
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total of 3 minutes in aIl cases. 

( 
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-------------------- ------ --- ----------------------------------. 

6. RESULTS. 

6.1. Brunswick Mining and Smelting. 

These tests were done to follow up the work of Martin (40) on 

nitrogen flotation of pyrite ahead of sphalerite flotation, in 

particular by conducting continuous in-plant trials. 

Figures 6.1 and 6.2 show the influence of nitrogen purity on pyrite 

flotation in the :aboratory. The highest iron (and weight) recoveries 

were obtained wi th the use of pure nitrogen. It is aiso seen that 

using a mixture 95%-5% nitrogen-oxygen the recoveries are reduced but 

by a margin probably wi thin experimental error On the other hand. 

the use of a mixture 90%-10% nitrogen-oxygen generated recover' ies 

which were much lower. In this particular case, for example, the iron 

recovery was around 43% less than when using 100% ni trogen. 

These resul ts reconÎirm those of Mart in, and also reveal that the 

purity of nitrogen is important, mixtures of 95% nitrogen or greater 

are required for good results in the pyrite flotation step. 

The results of the mlnicell, contlnuous tests are summarized in 

Tables 6.1 and 6.2. 

Durlng the minicell pilot tests, some flotat ion of pyrite wi thout 

further collector addition was Initially observed and pursued in 

51 



100------------~------------------~----------~ 

c: 

80 ~ 
Cf) 

m 
c: 

cft. 
'Ë 
Il) 

i-
Q) c: 
~ 60 '2 
(.) .2 Q) 

a: ;t::: .... 'C 
.J:. c: en 0 

~ U 
Q) 

.2! cu 
40 "3 

E 
::1 

ZnS Flotation u 

20 • 100%N2 

• 95%N2 

• 9O%N2 

o 2 4 6 8 10 12 14 

Flotation Residence Time, min. 

Fig 6.1 Laboratory flotation test on S.M.S. ore. Influence of nitrogen 

composition. 

( 

52 



100 -c 

90 
'E 
::::. 
M 

ta 
80 c 

'E 

70 
cf. 

~ 60 > 
0 
0 
Q) 

OC 
Q) 

LL 
50 

Q) 
> 
~ 

40 "S 
E Cu/Pb Rougher ;:, ZI iS Flotation 
ü 

30 

20 • 100% N2 

• 95% N2 

10 ... 90% N2 

o 2 4 6 8 10 12 14 

Flotation Residence Time, min. 

Fig 6.2 Laboratory flotation test on S.M.S. ore. Influence of nitrogen 

composition. 

53 



tests 1, 2, and 3 (Table 6.U. However, the results showed only 

around 3r. Fe recovery. 

TABLE 6. 1. Pilot Flotat ion Tests of Pyrite Using Minicells. 

Test %Fe %Zn %Fe Rec. %2n Rec. 
# 

1 33.0 9.2 3.0 2.3 

2 32.7 12. 1 2.8 2.8 

3 32.5 12. 1 3.3 3.7 

4 38.6 6.0 37.3 16.0 

By using a small amount of collector as indicated in Test #4(Table 

5.2), significant selective pyrite f'lotat ion 'was observed. Figure 6.3 

presents the flowsheet of the test run which includes sphaleri te 

flotation. These results are comparable to those previously obtained 

in the laboratory tests (Figure 6.4). 

As indicated in Table 5.3. three opt ions were tested in the 

sphalerite flotation step: results are shawn in Table 6.2. 

r .. 
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TABLE 6.2. Sphaleri te Flotation Resul ts 

Opt ion 1 Opt ion 2 Option 3 

%Zn grade 41. 0 40.5 46.0 

%Zn rec. 69.0 44.0 51 0 

%Fe grade 18.0 16.5 15.0 

%Fe rec. 11. 0 6.5 6 0 

Option 1 suggests that pH adjustment to 10.5 might not be nccessary 

for a successful sphalerite flotat ion. Opt ion 2 generated a 

concentrate with a comparable zinc grade to Option but a lower 

recovery. The observation that copper activation in alkaline medium 

1s not always essential for sphalerite flotat ion was nated befN'e in 

laboratory work (45); those results are confirmed here. Simi lar la 

the observation in the laboratory, flotation rate is lower' without 

copper act i vation. The standard procedure for sphaleri te flotatlon 

(i.e. Option 3) gave the highest zinc grades with recoveries 

intermediate to the other two opt ions. 

Electrochemical variables such as pul p potent laI, pH and oxygen 

content for tests shown in Table 5.2 are presented in Table 6.3. 
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TABLE 6.3. Pulp Condi t ions During Pyrite Flotat ion. 

Test pH 
Oxygen, Pulp Potent ial 

# ppm (Au vs. Ag/AgCI) 

1 8.7 to 9 0.2 to 0.5 -40 to -35 

2 8.7 to 9 0.2 to 0.5 -30 to -25 

3 8.7 to 9 0.2 to 0.5 -la to 0 
-

4 8.7 to 9 0.2 to 0.5 -52 to -45 
.-

The pulp condi tions were quite stable and the only parameter that 

changed with the pulp flowrate was the pulp potential going from more 

negative (reducing conditions) at the lowest flowrate to close to a 

mV at the highest flowrate The difference in pulp potential between 

tests #1 and #4 is possibly due te the use of co llector in test #4 

which creates more reducing conditions 

6.2. The Kidd Creek Concentrator. 

6.2.1. Zinc Reverse Flotation Testwork. 

A sphaleri te-rich stream at the Kidd Creek Mines Concentrator was 

studied in order to explore any possible benefi t of using ni trogen 

(in place of air) in reverse flotation. 

The separation in a zinc reverse flotation process is achieved by 

heating and conditioning with 502. These conditions cause depression 

of sphalerite and flotation of pyrite but at a relatively high cost. 
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The principal purpose of zinc reverse flotation 1s ta separate pyrite 

from a sphalerite-rich stream. The pyri te reports to the f loul 

product while the sphalerite reports to the non-float stream as final 

concentrate. 

It i5 known that the principal attraction of the zinc rever'se 

flotation process 1s that the ratio of the pyr1 te rate constant to 

the sphaler1 te rate constant 1s much higher than the equi val ent 

inverse ratio for conventional sphalerite cleaning (46) 

The variables studied included temperature, 502 addi tion and 

conditioning time. Samples were taken in pairs to analyze the effecl 

of the variables investigated. Table 5.5 shows the variables studied 

in the zinc reverse flotat1on testwork. 

Figures 6.5 and 6.6 show that larger amounts of pyr1 te (and 

chalcopyri te) are recovered in the float product pel' uni t of yield 

using ni trogen. This leads to higher grade of sphaleri te in the 

non-float product (Figures 6.7 and 6.8). 

Effect of conditioning time on the flotation of pyrite and 

chalcopyri te using ni trogen is shown in Figures 6.9 and 6 la 

Conditioning lime 1s beneficial to recover larger amounts of pyri te 

and chalcopyrite. This leads to 1mproved zinc grade-recovery ln the 

non-float product (Figures 6.11 and 6.12) which clearly has an 
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econamlc impact. 

Effect of temperature on zinc reverse flatat ion is shown in Figures 

6.13 and 6.14. These figures indicate that change in temperature over 

o 
the range 65-80 C daes not seem to have a significant effect on the 

zinc reverse flotation operation. 

Results of these prellminary investigations indicate that, cornpared 

to air, flotat ion using ni trogen leads to greater removal of pyri te 

and chalcopyri te from the sphaler'i te concentrate. The increased 

removal of pyri te and chalcopyri te lowers the iron content from 10-11 

to 6-7 percent iron. 

( 
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6.2.2. Chalcopyrite-Sphalerite Separation. 

Samples from primary grinding cyclone overflow were tested in order 

to compare the resui ts obtained using ni trogen vs. air as the 

flotation gas. 

The oxidation of complex sulphide mineraIs Ieads to the format ion of 

sol uble salts. Among LIe metall ic ions that originate from these 

soluble salts, copper ions in particular can lead to have an 

unfavorable influence on accidentaI activation of sphalerite. Ta 

sol ve this pr'oblem it is necessary either to el iminate copper ions 

from the flotation pulp or to deactivate the copper-activated film on 

the sphaleri te s'lrface. 

Since mild steel is used as grinding media in many cases, the oxygen 

conta1ned in the pulp is consumed by the media during grinding which 

retards the oxidat ion of the sulphide mineraIs. Subsequently oxygen 

is introduced into the pulp, however, ei ther deI i berately through an 

aeration stage (not used at Kidd Creek) or via pumping or by 

introducing fresh water ta the pulp. Some degree of sulphide mineraI 

oxidat1on must then be expected. 

Since oxygen 1s consumed during the grinding operation, if the sample 

for flotation 1s taken directly from the cyclone overflow it will be 

in its least oxidized state. In particular. the quantity of dissolved 

copper ions from chalcopyrite oxidat ion wi 11 be minimum and 
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accidentaI sphaierite activation less likely (47) If nitrogen gas lS 

used, oxidat ion is further hindered, and sphaierite flotat ion should 

be kept Iow. 

Figure 6.15 confirms that sphalerite is less floatable when nitrogen 

is used as the flotation gas. It is aiso observed, in these 

particular experiments, that chalcopyrite recovery is not affected 

when nitrogen is used instead of air. This may suggest a promislng 

method of improved selectivity in the flotation of chalcopyrite Pulp 

potential of the sample was found te be s -10 mV referred to Ag/Agel 

(212.5 mV vs. S. H. E. ). 
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Samples from cyclone overflow primary grinding. 

68 



r--------------------- -----------------------------------. 

6.3. Falconbridge Limited (Strathcona mill). 

6.3.1. On-site 8ench Scale Flotation Tests. 

Four streams were tested using nitrogen and air at Strathcona Mi Il 

Primary Rougher Fe,ed (PRF), Magnetic Flotat ion F'eed (MFF), Magnetic 

Flotation Concentrate (MFC), and Non-magnet ic Flotation Concentrate 

(NMFC). 

Only in the case of the PRF were large differences between notat Ion 

using nitrogen and air indicated. As is shown in Figul'e 6.16, the 

pentlandi te grade at 70% pent landi te recovery was up to three t i mes 

higher with nitrogen than with air. However, the recovery of 

chalcopyrite (another economic mineraI) in flotati on wi th ni trogen 

was below 10%. 

The recovery-yield curve presented in Figure 6.17 shows excellent 

separation of pentlandite from chalcopyrite and pyrrhotite when 

nitrogen is used. 

A program of addi tional tests on samples of the PRF stream was 

designed to repeat these tests and, as additional objectives, to test 

collectorless flotation and to monitor the electrochemical variables 

pH, pulp potential and oxygen content. Table 6.5 shows the 

characteristics of the tests completed in this additional program. 
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• Preliminary work was aiso initiated on design of a flotation column 

for gas recycle. which would great ly infl uence the economics of us i ng 

ni trogen. 

TABLE 6.4. Characteristics of Laboratory Flotation Tests on PRF 

TEST CONDITIONS 

PRF-Ol Air flotat ion wi th collector 

PRF-02 Nitrogen flotation with collector 

PRF-03 Air flotation with collector. 

PRF-04 Nitrogen flotation wl th collector 

PRF-05 Air flotation with collector 
--

PRF-06 Nitrogen flotation wi th collector 

PRF-07 Collectorless nitrogen flotation followed 
by nitrogen flotation with collector. 

PRF-08 Air flotation with collector 

PRF-09 Nitrogen flotation followed by 
air flotation (both with collector). 

PRF-10 Collectorless air flotation followed 
by air flotation wi th co llector. 

Tests PRF-1 and PRF-2 showed higher grades Wl th ni trogen lhan wi th 

air (Figure 6.18). This confirms the results shown in Figure 6.16 and 

6.17. However. grades were much lower than before. Figure 6.19 shows 

that pentlandite is separated from pyrrhot ite but. contrary to the 

previous tests. chalcopyrite is also separated from PY1Thoti te and 

floated at the same rate as pentlandite. Absolute recoveries were 

lower possibly due te a lower speed used in this test (1200 rpm 
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instead of the normal 1500 rpm used in aIl others). As observed in 

Figure 6.20, the variation of pulp potential during the flotation 

indicated no effect of nitrogen conditioning on the ORP whi le the 

addition of collector decreased it. In nitrogen flotation, the pulp 

potential remained constant and, in air flotation, the pulp potential 

increased significantly with time. 

Slmilar results were obtained in tests PRF-03 and PRF-04. Figure 6.21 

shows again higher grades obtained with nitrogen than with air. The 

results of Figure 6.22 show that the reJection of pyrrhoti te and the 

recovery of pentlandite were more effect i ve with nitrogen than with 

air. No appreciable differences between nitrogen and air were 

observed ln the flotation of chalcopyrite. Pulp potential variations 

during these tests presented the same trends described for runs 

PRF-OI and PRF-02 (Figure 6.23). 

Tests PRF 05 and PRF-06 were completed using air and nitrogen 

respectively and tests PRF-07 was performed to investigate the 

applicability of collectorless nitrogen flotation. Tailings from run 

PRF-01 were conditioned with collector and subsequently floated using 

nitrogen. Grade-recovery curves (Figure 6.24) show that, with 

nitrogen. flotation con, Jntrate grades are much higher than with air. 

Collectorless ni trogen flotat ion concentrate grades were also higher 

than the air flotat ion concentrate grades but were not as high as 

those wi th ni trogen flotation plus collector. Figure 6.25 shows that 

·r pyrrhotit~ was reJected more effectively when the flotation was done 

" 
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using nitrogen and pentlandite and chalcopyrite were floated at about 

the same rate in both air and ni trogen flotat ion. Pyrrhot i te 

reJection, as well as pentlandite and chalcopyrite recovery, were 

also more effective in collectorless nitrogen flotation than in air 

flotation (Figure 6.26). Pulp potent ial variations were consistent 

wi th the variations observed in previous tests as shown in Figure 

6.27. 

Grade-recovery curves for tests PRF-08, PRF-09 and PRF-lO show once 

again that nitrogen flotation resulted in concentrates wi th higher 

nickel content than air flotat ion or collectorless air flotat ion 

(Figure 6.28). The grade-recovery clJrves of subsequent air flotation 

of the tai! ings from nitrogen flotat ion and from collectorless air 

flotation, approximated that of the air flotation. Figure 6.29 shows 

that nitrogen flotation produced concentrates with higher pentlandite 

and lower chalcopyrite and pyrrhotite contents than air flotation. As 

noted in Figure 6.28, after the ni trogen was swi tched to air, the 

curves from Figure 6.29 approached those obtained in the air 

flotation. Pyrrhotite flotat ion was 51 ightly higher when 

collectorless air flotat ion was used as compared to air flotat ion 

(Fi gure 6. 30) . Chalcopyrite was removed at a higher rate wi th 

collectorless air flotation, but pent landi te presented the opposi te 

trend. Variations in pulp potential were consistent again wi th 

previous tests except that ORP during ni t:rogen condi t ioning was much 

lower than before as is shown in Figure 6.31. 
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l ... 6.3.2. Survey at Strathcona Mill . 

The previous section (Section 6.3.1) showed that differences in pulp 

potential values correlated with the flotation response. These 

results are also reported elsewhere (48, 49). A general observation 

1s that pentlandite/pyrrhotite selectivity was better at lower pulp 

potent1al values (the pyrrhatite being depressed). 

In arder to determine the range in ORP values in the plant, a survey 

was performed at the mi Il during the period Oecember 3rd ta 10th, 

1989. Data on pH and oxygen content taken manually were aiso 

included. 

This survey presented a picture of the changes in ORP as weIl as in 

dissol ved oxygen and pH at different points in the mil!. This 

knowledge wi Il be of use in future on-si te N2 work designed to 

determine if, by having a reducing pulp, pyrrhotite i5 selectively 

depressed as was demonstrated in the laboratory flotation tests. 

Points inciuded in the survey were the foilowing: 

1 Rod mill discharge circuit IIA II
• 

2 BaIl mi 11 discharge circuit "A". 

3 Pump sump of rod & baIl mil 1 discharge circui t liA". 

4 Pump sump of rod & baIl mil 1 discharge circuit 118 11 
• 

5 Cyclone overflow of primary grinding circuits Il Ali, "B" & "C". 

• 
1 

7 Prlmary rougher feed at the chemical analysis unit (PCXQ) . 
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8 Process and recycled water. 

9 Pump sump of regrinding mil! dischar'ge circuits "A" & "B" 

10 Cyclone overflow of regrinding circui ts "Ali & "8". 

11 Magnetic flotation. 

Oxidation-reduct ion potential values of most of the points moni lar'ed 

are in the range -75 mV ta +50 mV (Au vs. Ag/AgCI). 

Grinding mill discharges showed the most reducing values, the process 

water stream was the most oxidizing. 

6.3.2.1. Methodology. 

A computerized system developed at McGi11 University to regisler ORP 

continuously was installed near the selected sampling point; in sorne 

cases, the data was continuously collected for 15 ho urs or more. 

Oxidation-reduction potential (ORP) and oxygen content were obtained 

using the electrodes described in Section 5.1. In this particular 

case pH monitoring was done by uslng a Cole Parmer pH electrode model 

N-0993-99. 

Points such as cyclone over-flow, the flotation cells and the recycled 

water tank were easy to sampl~ and the values collected were 

consistent. On the other hand, mi Il discharge presenteo pract ical 

problems for electrode immersion due ta the high percent sol ids and 
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high flowrate of the pulp. 

Oxidation-reduct ion potent ial (ORP) val ues are referred to the 

silverlsilver chloride reference electrode whlle the dlssolved oxygen 

is expressed as percent of saturat ion. 

6.3.2.2. Results. 

Table 6.5 shows the dif'ferent streams inc 1 uded in the survey. Tables 

6.6 and 6.7 present the streams that were monitored and the speclfic 

characteristics followed in each case. Table 6.6 includes the streams 

that were moni tored for a perlod of time while Table 6.7 refers to 

single values manually taken in some locations around the mill. 

Figure 6.32 presents a general picture of changes found during the 

survey in OR?, dissolved oxygen (DO), and pH around circuit "A". The 

numbers shown in this diagram are the average of the values taken 

over a period of time. 

Figure 6.33 shows the approximate variat ions found during the survey 

for those sampI ing points monltored over a period of time. As is 

observed in the figure, most of the sampI ing points are in the range 

-75 to +50 mV referred to silverlsilver chloride as the reference 

electrode. 
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TABLE 6.5 Sampllng polnts ln the survey. 

---------------------------------------------------------------
IDENTIFICATION 

PWT 

RWT 

RMO"A" 

BMO"A" 

R&BMO"A" 

R&BMO"B" 

COF"A" 

Cm"B" 
COF"C" 

PRF at PCXQ 

PRFLO"A" 

PRFLO"B" 

ROIS"A" 

ROIS"B" 

RCOF"A" 

RCOF"B" 

MFLO 

MEANING 

Process water 

Recyc 1 ad water 

Roc! ml1l dlscharge Clrcult "A" 
Ball ml11 dlscharge Clrcult "A" 

Pump sump of the rod & ba11 mllls Clrcult "A" 

Pump sump of the rod & ba 11 ml 11 5 ci rcuit "B" 
Cyclone overflow pnmary gnndlng Clrcult "A" 

Cyclone overflow pnmary gnndlng Clrcult "B" 
Cyclone overflow pnmary grlndlng clrcult "C" 

Prlmary rougher feed stream at PCXQ 

Pnmary rougher flotatl0n C1rCUlt "A" 

Pnmary rougher flotatlon Clrcult "8" 

Pump sump of the regnndlng ml11 clrcult "A" 

Pump sump of the regnndlng ml11 Clrcult "B" 
Cyclone overflow regn ndlng ml11 Clrcult "A" 

Cyclone overflow regnndlng ml" Cl rcult "B" 

Magnetlc flotatlon 
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TABLE 6.6 Tlme spent ln momtorlng the dlfferent polnts dUrlng the survey. 

--------------------------------------------------_.- -----------------------
Stream Date Tlme(*) ORP. rnV DO pH Temp. 

(hr) (Ag/AgCl) (ppm) ( 'C) 

----------- ------------- -----------------------------------
PWT 7/12/89 By computer Manua11y Manually 6 

RWT 9/12/89 2 By computer Manually Manually 9.5 

RMO"A" 7/12/89 By computer 

BMO"A" 7/12/89 By computer 

R&BMO"A" 9/12/89 0.5 Manually 

R&BMO"B" 9/12/89 0.25 Manually 

9/12/89 2 By computer Manually Manually 12 

COF"A" 5/12/89 Manually Manually Manua11y 14 

6/12/89 17 By computer Manual1y Manua lly 14 

COF"B" 5/12/89 Manua 1 ly Manually Manually 14 

5/12/89 13 By computer 

6/12/89 2 By computer Manually Manually 13.5 

COF"C" 5/12/89 Manually Manua lly Manually 14 

PRF at PCXQ 9/12/89 0.5 Manual1y Manually 15 

PRFLO"A" 7/12/89 15 By computer 14 

8/12/89 0.5 Manua lly Manual1y Manually 13.5 

9/12/89 Manua 1 ly Manually Manually 14 

PRFLO"B" 6/12/89 Manua 1 ly Manually Manually 14 

RDIS"A" 8/12/89 0.25 Manual1y 

ROIS"B" 8/12/89 0.25 Manual1y 

RCOF"A" 8/12/89 2 By computer Manual li Manua 1 li 16 

RCOF"B" 8/12/89 2 By computer Manual1y Manually 15 

~ 

.v. MFLO 8/12/89 17 By computer Manually Manually 16 

----_._----------------------------------------------------------------------
(*) Tl'le t 1Il1e S howed 1 s referred to the one spent ln OR? monitorlng elther 

manually or by computer. 
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STREAM 

PWT 

RWT 

TABLE 6.7 Single values manually taken ln sorne locatlons of the Ml'1. 

DATE TIME ORP (*) 

(Ag/AgCl) 

7/12/89 --- +375 

7/12/89 -45 

00 pH TEMP POINT OF MEASUREMENT 

(**) tc 

10.1 

--- 8.5 Launder water of magnetlc 
flotatlon bank. 

14 Reclalm wa~er tank 

50%RWT-50%PWT 7/12/89 -25 10.2 14 A ml,<ture of equal parts 

RMD"A" 

BMD"A" 

7/12/89 --- 0.05 

of the above locatlons. 

15 Dl scharge of grl nd 1 ng 
mlll. 

5/12/89 --- -350 to -300 0.20 9.06 15 Dlscharge of grlndlng 
mlll. 

PRF at PCXQ 7/12/89 11:30 +40 --- 8.90 15 PRF sampler at PCXQ. 

(~) Measured wlth a comblned electrode of Au (plate) and Ag/Agel as the reference 
electrode. 
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Fig 6.32 Sampling points selected at the Strathcona circuit "A" to 

monitor ORP, DO, and pH chdnges. 
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Figures 6.34 to 6.37 present the ORP variat ions of the streams that 

were monitored for more than twelve hours. Figure 6.34 corresponds ta 

primary rougher flotation circuit "A" (PRFLO"A") and Figure 6 35 la 

the magnetic flotation bank (MFLO). In both cases the val ues were 

taken from the first cell of the bank. Figures 6.36 and 6.37 

correspond ta primary grinding cyclone overflow circuits "A" and "B" 

(COF"A" and COF"B") respectively. All of them pr'esent very consister:t 

values having a variat ion of ±10 to ±15 mV except for the last hour 

in the stream COF"S" which presented higher variat ions as abserved in 

Figure 6.37. 

Figure 6.38 shows that large changes in ORP occurred in the mi Il 

discharges. It is worth reminding that practical problems were 

encountered in moni toring these streams due to the high percent 

solids ard high flowrate at these sampling points. It will be 

necessary to construct a device to protect the e lectrode and to 

ensure better reproducibility. The ORP variations of process water 

(PWT), recycled water (RWT) , COF"B", and cyclone overflow circui ts 

"A" and "B" of the regrinding step CRDIS"A" and RDIS"B") are also 

shown in the same figure. AlI except PWT which is mor'e oxidizing 

showed values between 0 to -50 mV wi th a variation of about ±10 mV. 

Figure 6.39 presents data from sorne sampI lng polnts which were 

collected manuallYi Figure 6.40 includes the pulp potential changes 

across the whole of flotation circuit "A". As observed ln Figure 

6.40, the variat ions found from bank to bank were from around 0 mV to 
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+50 mV. 

Figures 6.41 and 6.42 show the dissolved oxygen (DO) data collected 

manually for a peI'iod of Ume at sorne points aI'ound ciI'cuits "A" and 

118 11
• 

Figures 6.43 and 6.44 show the changes in dissolved oxygen and pH 

respectively foI' ciI'cuit "A". Figure 6.43 shows; hat the dissolved 

oxygen progI'essively incI'eases fI'om the l'ougheI's to the scavengers 

Figure 6.44 shows that the pH progressively drops from 9 4 in the 

fiI'st cell of primary l'ougher flotation to 8 9 in secondary rougher 

and scavenger flotation. Aiso it is observed that the first cell in 

any of the banks has the highest pH value whi le the last ce Il has the 

lowest one. 

Figure 6.45 contains the pH data manually collected at sornE' po i nts 

around the mi 11. From all these sarnpling points only R&BMD"B" showec! 

relatively large variations . 
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• 6.3.3. Flotation Tests at McGill University. 

6.3.3.1. Tests Using Falconbridge Procedure. 

In order to check reproducibility of results at McGill University 

with those previously obtained on-site, flotation tests using air and 

nitrogen were carried out on a sample taken from the rod mi Il feed at 

Strathcona milI. Cumulati ve grade-recovery curves for chalcc"'pyri te 

and pentlandite are shown in Figure 6.46. This figure confirms the 

resul ts obtained on-site; that is, nitrogen flotation is superior to 

air flotation in the rougher stage (the first four points of the 

curves) presenting bet ter pentl and ite and chalcopyri te grades at 

comparable recoveries. At the beginning of the rougher stage, 

nitrogen geneI'ates a pentlandite concentrate grade significantly 

greater than that using air. As recovery increases, it seems that the 

grade tends to reach equi valent values using both air and ni trogen. 

Aiso it 15 shown that in the scavenger stage (the last five points) 

there is no difference between using air and nitrogen. Figure 6.47 

shows the recovery-yield curves for pentlandite, chalcopyrite, and 

pyrrhot i te. 

Figure 6.48 shows that ni trogen retards the pyrrhot He flotation 

compared with air in the rougher stage. Scavenger flotation presents 

no difference in using air or nitrogen as the flotation gas possibly 

due to the copper sulphate added as act 1 vat or at the scavenger stage. 
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6.3.3.2. Testing Diethyl Amine as Pyrrhot He Depressant. 

As part of' the research at McGill trying to eliminate iron sulphlClt>s. 

some bench sr.ale flotat ion tests were performed using dielhy l éllllllll! 

This reagent has shown sorne promise as a pyrrhoti te depI~essanl i Il 

microflotation tests (44) and it is of interest to compare ,l~; 

ef'f'ect i veness wi th ni trogen. 

Grade-recovery curves f'or pyrrhoti te at different condi t ions ar'c 

shown in Figure 6.49. The figure shows that dtethyl amIne seems tü 

have no effect on pyrrhotite depression for thlS part icular ore al 

the conditions studied. On the other hand pH seems to have certain 

effect on pyrrhotite depression getting lower grades at pH 9 2 

Figure 6.50 presents the recovery-yield curves. Comparable resul ts 

were obtained with and without the use of diethyl amine; pH 9.2 seems 

to have slightly better pyrrhotite depressant action over pH 6. O. 

The oxidizing conditions are known to be important in the use of 

these amines t'or pyrrhotite depression. This variable was nol 

examined in these prel iminary trials. 
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6.3.3.3. Microflotation Tests on Pyrl"hotite from Faiconbridge. 

Microflotat ion experiments were performed on pyrrhoti te mineraI wi th 

a p::rticle size of 100% -200 +400 mesh (-74 +37 Jlml. The l''esults of 

these measurements are given in Figure 6.51. From these mono-minel"ul 

experiments it can be observed that higher recoveries are obtained at 

pH 9.0 for both collectorless a1îd with collector flotat ion. 

6.3.4. Flotation Col umn wi th Gas Recycle. 

Martin (40) found that 0.04 tonnes of fresh ni trogen gas is needed 

pel" tonne of ore treated. For economic reasons, sorne form of 

recirculation system is necessary. Prel iminary work on the des ign of 

a flotation column for gas recycle was ini t iated. Figure 6.52 shows 

the design. It includes a container for gas/concentrate separation 

and a compressor to recirculate the gas to the column. Wash water 

addi t ion could be another source of oxygen introduct ion ta the system 

thus i t is necessary ta design a device ta deoxygenate this water 

stream b~fore it enters the flotation column. Figures 6.53 and 6.54 

show the detai ls of bath devices. These devices are intended for use 

in a laboratory columr. of 6.4 cm (2.5") in diameter. 
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6.4. Discussion. 

6.4.1. Pyrite Flotation. 

Majima (50) found t.hat among aIl the sulphide mineraIs, pyri te has 

the highest rest potential. This suggests that when pyrite IS ln 

galvanic contact wiih other sulphide mineraIs, oxidation of the other 

sulphides will be enhanced. He found that the oxidation of galena, 

sphaleri te and chalcopyri te was acce lerated in the presence of 

pyri te. The presence of' pyrite aiso contributes to the oxidat ion of 

xanthate collectors to dixanthogen which may then adsor'b 

non-selectively and reduce f'lotation selectlvity (51). These 

observations may explain sorne of the dif'f'iculties ln selective 

flotation of pyritic ores. 

Section 3.4 described the mechanisms governing galvanic interaction. 

There it was also discussed how the introduct ion of nitrogen hinders 

this galvanic coupling and promotes ~yrite flotation. 

This thesis proves that using ni trogen -down to 95% puri ty at least

promotes pyrite t'lotat ion both before and after zinc flotation 

(Figures 6.2, 6.6, and 6.10). In tests performed on-s ite al Brunswick 

Mining it was demonstrated that the technique developed in the 

laboratory for pyrite f'lotation also worked in continuous minicell 

pilot tests. This work has been publ ished (52). 

104 



In the case of zinc reverse flotat i0n (performed at Kidd Creek) not 

only was pyri te promoted by ni trogen, sa also was chalcopyrite 

Chalcopyrite has the next highest rest potential (50) thus it too may 

be responding to the same breaking of galvanic contact in the 

presence of ni trogen as argued for pyri te. 

In at least one operation, zinc reverse flotation was used to yield a 

copper concentrate (53); nitrogen may be more effective. 

An apparently contradlctory observation at Kidd Creek in the Cu/Zn 

separat ion testwork on cyclone overflow, was the fact that the 

behavlour of pyrite was the same in nitrogen as ln air flotation. 

In thls case even air flotation gave high pyri te recovery. Perhaps 

the oxygen content is low enough in Kldd Creek cyclone overflow (i. e. 

Immediately arter grinding) that pyri te flotation is already 

favoured, and that further exclusion of oxygen (oy ni trogen) is not 

necessary. Martin (40) found that air notation of pyrite arter 

nitrogen condltionlng still gave high pyrite recovery suggesting that 

any de-oxygenating system (such as grinding mills) will activate 

pyrite. 

A potentially important finding in the reverse flotat ion was that 

o 
good resuIts could be achieved by heat lng the pulp at only 65 C if i t 

is preceded by 20 minutes of aeration. Further work is required to 

confirm these results. 
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6.4.2. Pyrrhotite Rejection. 

Uslng the Hodgson/Agar model (described in Section 2.3), the use of 

ni trogen instead of air could hinder the format ion of OH Ions on the 

pyrrhotite surface which are necessary for xanthate uptake The use 

of nitrogen then would promote pyrrhoti te depresslOn which 

corresponds to the present observat ion which showed, in aIl cases, 

that ni trogen was superior to air in pyrrhol i te 

depression. Microflotat ion tests on single mineraI pyrrhot i te showed 

that higher recoveries are obtained at pH close to 9 Lower 

pyrrhotite recoveries at lower pH may be due to the lack of OH Ions, 

at hlgher pH excess OH- may exlst on the surface thus tipping the 

balance in favor of hydrophilicity. 

Pulp potent laI values reglstered on cyc lone overflow and on rougher 

flotation during the survey were in the range -10 to +30 mV vs. 

Ag/AgCl (+210 ta +250 mV vs. S.H.E.l. The ORP values registered in 

the laboratory were in the range +40 to +60 mV vs. Ag/Agel (+260 to 

+280 vs. S. H. E.) in the case of air flotat ion and -50 to -30 mV vs. 

Ag/AgCI (+170 to +190 mV vs. S.H.E. l in the case of nitrogen 

flotation. The plant, therefore, tends to operate at potential values 

which favours pyrrhotite flotation, not depression. 

In most cases pent landi te/chalcopyri te was promoted using ni trogen 

except for tests PRF-A and PHF-B where chalcopyri te was also 
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1 ... depressed. This chalcopyrite depression may be explained by the much 

lower ini Ual pulp potentials for tests PRF-A and PRF-B (af -25 mV vs. 

S.1I E ) compared with those for tests PRF-01 to PRF-lO (+75 - +175 mV 

vs. S. H. E. ) 

The influence of pulp potential in chalcopyrite flotation was 

investlgated by Tra.'1ar (54) and he found that flotation is retarded 

below a mV (vs. S. H. E.) but becomes pronounced above 100 mV (vs. 

S. ~i. E. ). The plant survey showed a pulp potential range of +210 to 

+250 mV vs. S.H.E. which clearly favours chalcopyrite flotation. 

6.4.3. Advantages of Pyrite and Pyrrhotite Rejection. 

·f 
" Rejection of iron sulphides, primarily pyri i.e and pyrrhoti te, in 

processing sulphide ores reméLins a major challenge. Their select ive 

rejection by the use of nitrogen has several advantages: 

• The production of higher grade base metal concentrates 

compared with the convent ional operat ion. 

• The production of iron sulphide concentrates which may have 

certain economic value, or could be separately impounded 

for improved control oÎ acid drainage. 

• Possible savings in reagents consumption such as lime and 

coppel' sulphate. Lime i5 typically used to depress pyrite 
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in, for example, zinc flotation. If pyt'ite i5 t'emoved (uslng 

ni trogen) there would be less pyt'ite ta depress. 

lime is used probably less CUS04 would be needed. 

If lcss 

• A positive environmental impact since less sulphur wculcl tll' 

sent ta the smelter, cutting down 502 emissions. 
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7. CONCLUSIONS AND SUGGESTIONS FOR FUTURE YORK. 

7.1. Brunswick Mining and Smelting. 

• Laboratory flotation tests show that mixtures of 95% 

nitrogen or greater are required for pyrite flotation. 

• Continuous on-site tests at Brunswick Mining confirmed the 

technical feasibility of using nitrogen gas for pyrite 

flotation ahead of sphalerite flotation. 

• Resui ts from the continuous tests suggested that pH 

adjustment might not be necessary for a successful 

sphaierite flotation. It was aiso confirmed that copper 

activation in alkaline medium is not 

sphaierite flotation. 

essential for 

• Up to now there is no doubt that pyrite 1s promoted by 

nitrogen flotation even at 95Y. purity and plants with a 

smelter on-site can perform industrial scale tests ta check 

whether pyrite flotation is economically feaslble this way. 

• Enclosed cell (e.g. flotation column) flotation tests using 

nitrogen should be performed ta check if pyrite can still be 

floated this way which would give another competitive route 

for the separation of complex sulphides. 
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7.2. Kidd Creek Mines. 

• Nitrogen was found to be more efficient than air in the 

zinc reverse flotation stage. These investigations show 

that, compared to air, flotation with nitrogen lcads ta 

greater removal of' pyrite and chalcopyrite from the 

sphalerite concentrate. Further work should be conducted 

on-site to verif'y the action of nitrogen gas on the 

depression of zinc during chalcopyrite flotation. 

• Flotation tests on primary grinding cyclone overflow 

indicate that sphalerite is less f'loatable when nitrogen 1S 

used as the f'lotation gas and chalcopyrite recovery is not 

affected. This May suggest a promising method of improved 

selcc~ivity in the f'lotation of chalcopyrite. 

• Results using air as the flotation gas show that heating to 

65 Oc (instead of the 80 Oc commonly practiced) might be 

sufficient to have good zinc recoveries in the zinc reverse 

flotation. 

• Continuous in plant flotation tests using minicells should 

be performed on zinc reverse flotation to evaluate the 

results obtained on bench scale. 
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7.3. Falconbridge (Strathcona mill). 

• Pentlandite recovery was consistently better with nitrogen 

than with air flotation. 

• The improvement in grade-recovery curves was a consequence 

of more effective pyrrhotite rejection using nitrogen. 

• Nitrogen flotation proceeded at an almost constant pulp 

potential while it increased exponentially with time during 

air flotation. 

• Even though collectorless flotation with nitrogen was more 

effective than air flotation with collector, it was less 

effective than nitrogen flotation with collector. 

• The use of continuous minicells for in plant testing is 

recommended. Two minicell~ would be desirable for parallel 

testing of nitrogen and air as the flotation gases. 
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9. APPENDIX 1 BRUNS~ICK MINING ORE TESTYORK 

LABORATORY FLOTATION 

TABLE A.t Flotation test at McGill University to evaluate nitrogen 

purity over flotation performance. Test run with pure 

nitrogen. 

TABLE A.2 Flotation test at McGil1 University to evaluate nitrogen 

purity over flotation performance. Test run with 95% 

nitrogen. 

TABLE A.3 Flotation test at McGi11 University to evaluate nitrogen 

purity over flotation performance. Test run with 90% 

nitrogen. 

CONTlNUOUS FLOTATION 

TABLE B.1 Pyrite flotation using minicells at Brunswick Mining. 

{ 
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TABLE A. 1 Brunsw,ek M,mng ore f1otat,on tests at McG,ll Unwers,ty. 
Test,ng mtrogen pur,ty over f1otcltlon performance. 

RUN IDENTIFICATION 

****************** 
Run number 1 

N,trogen pur,ty 100 % 

---------------------------------------------------------------------------------------------------
Sample T,me Sollds Gas Ph Grade (%) 

(mln) (%) used Fe Cu Pb ln 
--------------------------- ------------------ --------------------------------_. 

Feed (*) 100.00 28.52 0.32 3.01 7.31 
Bulk Con1 0.50 12.45 A,r 8.50 33.80 0.99 9.99 6.50 
Bulk Con2 1. 00 4.60 A,r 8.50 33.60 0.98 9.00 7 44 
Bulk ('.on3 2.00 5.96 A,r 8.50 34.30 0.67 5.08 8.08 
Bulk Con4 4.00 6.21 A,r 8.50 33.60 0.40 3.63 10 bO 
Fe Cane 1 4.50 16.87 N2 8.50 40.50 0.12 1. 27 3.51 
Fe Cane 2 5.00 7.59 N2 8.50 40.00 0.11 1. 27 4.24 

Fe Cane 3 6.00 5.98 N2 8.50 36.80 0.11 1.36 b.93 
Fe Cane 4 7.00 2.74 N2 8.50 34.30 0.11 1. 56 8.18 

Fe Cone 5 9.00 2.66 N2 8.50 32.50 0.11 1. 62 8.25 

Fe Cane 6 11.00 2.26 N2 8.50 28.50 0.11 1. 75 11.00 

Zn Cane 1 ".50 3.58 A,r 10.00 12.00 0.17 1.09 41.00 

Zn Cone 2 12.00 1.95 A,r 10.00 13.60 0.22 1. 40 30.30 
Zn Cone 3 13.00 1.83 A,r 10.00 15.50 0.28 1.85 27.80 

Zn Cone 4 15.00 1.33 A,r 10.00 18.10 0.31 1. 98 14.70 

Ta,ls 23.99 12. la 0.09 0.75 0.99 

---------------------------------------------------------------------------------------------------
(*) Caleulated 

METALLURGICAL RESULTS 

---------------------------------------------------------------------------------------------------
Sample Cum~ll. Cumulatlve grade Cumu 1 at we recovery 

Sollds Fe Cu Pb Zn Fe Cu Pb Zn 

(%) (%) (%) (%) Cr.) (%) (%) (%) (%) 
------------------------------------------------------ ------------------------------------
Bulk Canl 12.45 0.99 9.99 38.77 41.32 

Bulk Can2 17.05 0.99 9.72 52.95 55.08 

Bulk Can3 23.01 0.91 8.52 65.51 65.14 

Bulk Con4 29.22 0.80 7.48 73.32 72.63 
Fe Cone 1 46.09 12. la 23.95 

Fe Cane 2 53.68 40.34 34.60 

Fe Cane 3 59.66 39.65 42.31 

Fe Cone 4 62.40 39.21 45.61 

Fe Cane 5 65.06 38.71 48.64 

Fe Cane 6 67.32 38.10 50.90 

Zn Cone 1 70.90 41.00 20.07 

Zn Cane 2 72.85 37.23 28.15 
~ Zn Cone 3 74.68 34.88 35.11 

~ Zn Cone 4 76.01 31.79 37.78 

Feed 100. 00 28.52 0.32 3.01 7.31 100.00 100.00 100.00 100.00 

---------------------------------------------------------------------------------------------------
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TABLE A.2 Brunswlek M1ml19 ore f1otatlon tests at McG,l1 unwerslty. 
Testlng nltrogen purlty over f1otatlon performance. 

RUN IDENTIFICATION 
*****.**.***.*.* •• 
Run number 2 
N,trogen pur,ty 95 % 

---------------------------------------------------------------------------------------------------
Samp1e T,me Sol1ds Gas Ph Grade (1.) 

(min) (%) used Fe Cu Pb ln 

--------------------------- ------------------ -----------------------------------
Feed (*) 100.00 28.08 0.28 2.67 7.67 
Bu1 k Con1 0.50 13.08 A,r 8.50 33.60 0.80 8.10 6.80 
Bu1k Con2 l. 00 5.34 Alr 8.50 33.50 0.77 7.24 7.67 
Bu1k Con3 2.00 5.36 A,r 8.50 33.90 0.56 4.30 9.53 
Bu1k Con4 4.00 5.42 A,r 8.50 31.90 0.37 3.34 10.30 
re Cone 1 4.50 16.19 N2 8.50 40.10 0.11 1.16 4.11 
Fe Cone 2 5.00 8.80 N2 8.50 38. 70 0.11 1.29 4.96 
Fe Cone 3 6.00 3.89 N2 8.50 36.60 0.13 1.62 6.55 
Fe Cone 4 7.00 3.04 N2 8.50 30.60 0.14 1.90 9.12 
Fe Cone 5 9.00 2.32 N2 8.50 26.50 0.15 2.21 11.20 
Fe Cone 6 1l. 00 1.89 N2 8.50 23.40 0.14 2.06 13.00 
ln Cone 1 1l. 50 3.49 Air 10.00 12.00 0.18 1.05 44.80 
ln Cone 2 12.00 l. 52 A,r 10.00 13.50 0.24 1.43 36.00 
ln Cone 3 13.00 1.35 A,r 10.00 15.30 0.29 1.78 31.20 
ln Cone 4 15.00 1.77 A,r 10.00 16.20 0.28 1.83 16.80 
Tails 26.54 14.80 0.09 0.71 1.26 

---------------------------------------------------------------------------------------------------
(*) Caleu1ated. 

METALLURGICAL RESULTS 

---------------------------------------------------------------------------------------------------
Sample Cumul. Cumulative grade Cumulatlve recovery 

Sc 1 ,ds Fe Cu Pb ln Fe Cu Pb ln 
(%) (%) (%) (%) (%) (%) (%) (7.) (%) 

----------------------------------------------------- ------------------------------------
Bu1k Con1 13.08 0.80 8.10 37.18 39.63 
Bu1 k Con2 18.42 0.79 7.85 51.79 54.10 
Bu1 k Cnn3 23.78 0.74 7.05 62.45 62.72 
Bu1k Con4 29.20 0.67 6.36 69.58 69.49 
Fe Cone 1 45.39 14.80 23.12 
Fe Cone 2 54.19 39.61 35.24 
Fe Cone 3 58.08 39.20 40.31 
Fe Cone 4 61.12 38.38 43.63 
Fe Cone 5 63.44 37.58 45.91 
Fe Cone 6 65.33 36.84 47.39 
ln Cone 1 68.82 44.80 20.38 
ln Cone 2 70.34 42.13 27.51 

{ Zn Cone 3 71.69 39.81 33.01 
ln Cone 4 73.46 34.80 36.88 
Feed 100.00 28.08 0.28 2.67 7.67 100.00 100.00 100.00 100.00 
---------------------------------------------------------------------------------------------------
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TABLE A.3 Brunsw,ek M,n,ng ore flatat,an tests at McG", Un,verslty. 
Test,ng n,trogen pur,ty aver flotat,an performance. 

RUN IDENTIFICATION 
****************** 
Run number 3 
N,trogen pur,ty 90 % 

-------------------------------------------------------------------------------------------------
Sample T,me Sol,ds Gas Ph Grade <'0 

(m,n) (%) used Fe Cu Pb Ln 
--------------------------- ------------------ ------------------------
Feed (*) 100.00 2B.53 0.35 3.64 8.08 
Bulk Conl 0.50 11.43 A,r 8.50 30.80 1. 1 7 '1.90 8 20 
8ul k Con2 1.00 E.96 A,r 8.50 31.70 1.17 11.20 8.66 
Bulk Con3 2.00 5.81 A,r 8.50 31. 90 0.72 7.62 11.20 
Bulk Con4 4.00 3.85 A,r 8.50 31.20 0.47 4.88 12.40 
Fe Cene 1 4.50 4.35 N2 8.50 36.10 0.20 2.90 1.70 

Fe Cene 2 5.00 3.18 N2 8.50 32.00 0.19 2.79 9.89 
Fe Cene 3 6.00 1.87 N2 8.50 28.80 0.17 2.40 10.50 
Fe Cene 4 7.00 0.24 N2 8.50 28.30 0.19 2.59 11.80 
Fe Cone 5 9.00 0.28 N2 8.50 27.40 0.20 2.79 11.70 
Fe Cene 6 11.00 0.28 N2 8.50 26.40 0.17 2.68 12.60 
Zn Cane 1 11.50 7.23 A,r 10.00 19.50 0.14 1. 22 33 40 
Zn Cene 2 12.00 2.63 A,r 10.00 19.60 0.20 1. 53 32.00 
Zn Cene 3 13.00 2.28 A,r 10.00 23.80 0.21 1.85 21. 40 
Zn Cene 4 15.00 2.05 A,r 10.00 28.00 0.21 1.95 11.50 
Ta,ls 47.56 28.10 0.07 0.79 1 02 
---------------------------------------------------------------------------------------------------
(*) Calculated. 

METALLURGICAL RESULTS 
---------------------------------------------------------------------------------------------------
Samp1e Cumul. Cumu1at,ve grade Cumu1at,ve recavery 

Solids Fe Cu Pb Zn Fe Cu Pb Zn 
(%) (%) (%) (%) (%) (1.) (?) (Y.) (7.) 

------------------------------------------------------ ------------------------------------
Bu1 k Conl 11.43 1.17 11.90 37.96 37.39 
Bu1k Con2 18.39 1.17 " .64 61.08 58.82 
Bu1k Con3 24.20 1.06 10.67 72.95 70.99 
Bu1k Con4 28.05 0.98 9.88 78.09 76.15 
Fe Cene 1 32.40 36.10 5. 50 
Fe Cene 2 35.58 34.37 9.07 
Fe Cene 3 37.45 33.26 10.96 
Fe Cane 4 37.69 33.14 11.20 
Fe Cene 5 37.97 32.98 11.46 
Fe Cene 6 38.25 32.79 11.72 
Zn Cene 1 45.48 33.40 29.90 
Zn Cene 2 48. " 33.03 40.32 

"'" Zn Cene 3 50.39 30.84 46.37 
~ . .." Zn Cane 4 52.44 28.05 49.29 

Feed 100.00 28.53 0.35 3.64 8.08 100.00 100.00 100.00 100.00 

---------------------------------------------------------------------------------------------------
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PYRITE FLOTATION: 

Pu l p flowrate = 0.8 l/mln. 

N2 addltlon to cond. tank = 6 l/mln. 

Collector ln ce" /Il (9/t) = 80-20 X343 and X350 (20) 

Flot.atlon gas ln cell #1 (l/mln) = N2 (5) 

SPHALERITE FLOTATlON: 

Collector in ce" #2 (g/t) 

Actlvator in cell #2 (gft) 

CaO addltlon to cell #2 

Flotation gas ln cell #2 (l/mln) 

= 80-20 X343 and X350 (80) 

= CuS04 (1100) 

=TopHofl0.5 

:. Al,. (6) 

LABORA TORY DATA 

Sample Sol1ds Gas pH ORP, mV Oxygen Grade (%) 
(g) (%) used (Ag/Agel) (ppm) Zn Fe 

-------- ----------------- ------------------------------------------------------
Feed(*) 512.15 100.00 

FeS2 Cone 136.60 26.67 

LnS Cone. 56.15 10.96 

Talls 319.40 62.36 

METALLURGICAL RESULTS 

Sample 

FeS2 Cone. 

ZnS Cone. 

Talls 

Feed(*) 

(*) Calculated 

Cumul. 

sollds 

(%) 

26.67 

10.96 

62.36 

100.00 

N2 

Alr 

8.80 -50 

10.50 

Ml nera l grade 

Spha 1. Py,., te 

(%) (%) 

8.97 

69.16 

7.99 

14.96 

121 

82.86 

30.76 

54.11 

59.22 

0.11 

10.04 27.57 

6.02 38.57 

46.40 14.32 

5.36 25.19 

Reeovery 

Spha l • Pyn te 

(%) (") 

16.00 37.32 

50.69 5.70 

33.31 56.99 

100.00 100.00 

• 



" 

10. APPENDIX 2 KIDD CREEK MINES 

ZINC REVERSE FLOTATION 

TABLE C.l Standard zinc reverse flotat ion on final zinc conccnlrale 

using air. 

TABLE C.2 Standard zinc reverse flotatjon on final zinc concentrate 

using nitrogen. 

TABLE C.3 Zinc reverse flotat ion on final zinc concentrate wi thou t 

conditioning and using air. 

TABLE C.4 Zinc reverse flotation on final zinc concentrate with 20 

min conditioning and using air. 

o 
TABLE C.5 Zinc reverse flotation on final zinc concentrate at 80 C 

and using air. 

TABLE C.6 Zinc reverse flotation on final zinc concentrate al 65 Oc 

and using air. 

TESTS ON CYCLONE OVERFLOll 

TABLE D.1 Flotation test on cyclone overflow primary grinding using 

air. 

TABLE D.2 Flotation test on cyclone overflow primary grinding using 

nitrogen. 
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TABLE C.l Zine reverse flotatlon tests at Kldd Creek. 
Samples from flnal Z1nc eoncentrate stream (elreu1t "Aff). 

RUN IDENTIFICATION 

Run number 
Gas used A,r 

Sample T,me Sol1ds Grade (l) 
(r,J,) (l) Fe Zn Cu FeS2(*) CuFeS2(*) 

------------------------------------------------------------------------
Cane 1 0.50 12. la 15.30 53.10 2.28 28.56 6.58 
Cane 2 1.00 4.41 21.80 37.50 2.47 42.17 7.13 
Cane 3 1.50 3.55 21.90 38.20 2.20 42.89 6.35 
Cane 4 2.50 2.75 16.30 45.10 2.07 31.11 5.98 
Tails 77.19 6.86 57.90 0.26 14.74 0.75 

Feed(* ) 100.00 9.33 55.37 0.72 19.07 2.08 

METALLURGICAL RESULTS 

Sample 
Fe 

(l) 

CumulatlVe grade 
Zn Cu FeS2(*) CuFeS2(*) 

(l) (l) (l) (l) 

Sample Ta,ls (*) 
Zn grade 

(r.) 

------------------------------------------------------ -----------------

Cone 1 
Cene 2 
Cene 3 
Cene 4 

Feed(*) 

Sample 

Cene 1 
Cone 2 
Cone 3 
Cone 4 
Talls 

Feed(*) 

15.30 
17.04 
17.90 
17.71 
9.33 

Fe 
(%) 

19.83 
30.14 
38.47 
43.27 

100.00 

(*) Caleulated. 

53. la 2.28 28.56 6.58 Feed 
48.93 2.33 32.20 6.73 Ta,l 1 55.68 
47.03 2.31 34.09 6.66 Ta,l 2 56.64 
46.80 2.28 33.73 6.58 Ta, l 3 57.46 
55.37 0.72 19.07 2.0& Ta, l 4 57.90 

Cumu lative recovery Samp1e Ta,ls (*) 
Zn Cu FeS2(*) CuFeS2(*) Zn rec. 

(%) (l) (%) (l) (1.) 

11.60 38.29 18 12 38.29 Feed 
14.59 53.42 27.89 53.42 Tall 1 88.40 
17.04 64.26 35.87 64.26 Ta, l 2 85.41 
19.28 72.15 40.35 72.15 Tall 3 82.96 

100.00 100.00 100.00 100.00 Ta,l 4 80.72 
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TABLE C.2 Zinc reverse flotat,on tests at K,dd Creek. 

Sample 

Cane 1 
Cane 2 
Cane 3 
Cane 4 
Cane 5 
Tal1s 

Feed(*) 

Samples from flnal zinc concentrate stream (clrcuit "Ait). 

RUN IDENTIFICATION 
****************** 

Run number 

Gas used 

T,me Sol,ds 

(mln) (%) 

0.50 11.19 
1.00 2.71 
1.50 0.99 
2.50 1.04 
4.50 1.27 

82.80 
100.00 

Fe 

23.20 
20.40 
16.60 
14.90 
11.10 
6.59 
9.07 

2 
N,trogen 

Grade (%) 

Zn Cu FeS2(*) CufeS2(") 

35.60 3.42 43.38 9.88 
37.90 3.23 37.73 9.33 
42.70 3.02 29.96 8.72 
49.40 3.45 25.49 9.96 
50.00 2.29 19.52 6.61 
sa. 00 0.34 13.51 0.98 
54.61 0.85 17.88 2.44 

METALLURGICAL RESULTS 

Sample 

Fe 

(%) 

Cumulative grade 

Zn Cu FeS2(*) CuFeS2(*) 
(%) (%) (%) (%) 

Sample Tai 1s (*) 

Zn grade 
(%) 

------------------------------------------------------ -----------------
Cane , 
Cane 2 
Cane 3 
Cene 4 
Cane 5 

Feed(*) 

Sample 

Cene 1 
Cane 2 
Cane 3 
Cane 4 
Cane 5 
Ta11 s 

Feed(*) 

23.20 
22.65 
22.25 
21.77 
20.98 
9.07 

Fe 

(%) 

28.6.3 
34.73 
36.53 
38.25 
39.81 

100.00 

35.60 3.42 43.38 9.88 Feed 

36.05 3.38 42.28 9.77 Ta11 , 57.00 
36.49 3.36 41.46 9.70 Ta' l 2 57.60 
37.33 3.36 40.42 9.72 Ta,l 3 57.77 
38.27 3.29 38.87 9.49 Ta,1 4 57.88 
54.61 0.8S 17.88 2.44 Ta' l 5 58.00 

Cumu 1 atwe recovery Samp1e Ta, 1 s (*) 

Zn Cu FeS2(*) CuFeS2(*) Zn rec. 
(%) (%) (%) (%) (~) 

7.29 45.20 27.15 45.20 Feed 

9.17 55.53 32.87 55.53 Ta11 1 92.71 
9.95 59.05 34.52 59.05 Ta,l 2 90.83 

10.89 63.30 36.01 63.30 Ta,l 3 90.05 
12.06 66.75 37.40 66.75 Ta,l 4 89.11 

100.00 100.00 100.00 100.00 Ta,l 5 87.94 

------------------------------------------------------------------------
(*) Caleulated • 
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TABLE C.3 Zine reverse flotation tests at K,dd Creek. 
Samples from f,nal Z1ne eoneentrate stream (e,reu,t "Ali). 

RUN IDENTIFICATION 
****************** 

Run number 3 
Gas used A,r 
Cond,tiomng 

Sample T,me Sol1ds Grade (%) 

(min) (%) Fe Zn Cu FeS2(*) CuFeS2(*) 

Corte 1 0.50 11. 14 21.30 29.50 8.18 
Cone 2 1.00 5.58 18.80 36.10 5.06 
Cone 3 1.50 4.96 17.90 38.10 4.36 
Cone 4 2.50 2.41 15.60 42.50 2.56 
Cone 5 4.50 1.89 15.80 44.30 2.04 

Tails 74.02 6.59 56.10 0.20 
Feed(*) 100.00 9.86 50.58 1.66 

METALLURGICAL RESULTS 

Sample 

Cone 1 
Cone 2 
Cone 3 
Cone 4 
Cone 5 

Feed(*) 

Sample 

Fe 
(%) 

21.30 
20.47 
19.88 
i9.45 

19.19 
9.86 

Fe 
(%) 

Cumulatlve grade 
Zn Cu FeS2(*) CuFeS2(*) 

(%) (%) (%) (%) 

29.50 8.18 30.31 23.62 
31.70 7.14 30.49 20.62 
33.16 6.50 30.43 18.78 
34.10 E.11 30.25 17.64 

34.84 5.81 30.24 16.79 
50.58 1.66 lB.06 4.79 

CumulatlVe recovery 
Zn Cu FeS2(*) CuFeS2(*) 

(%) (%) (~) (%) 
------------------------------------------------------

Cone 1 24.07 6.50 54.97 18.71 54.97 
Cone 2 34.71 10.49 72.00 28.24 72.00 
Cone 3 43.70 14.22 85.03 36.54 85.03 
Cone 4 47.52 16.25 88. 75 40.37 88.75 
Cone 5 50.55 17.90 91.07 43.52 91.07 

Tails 100.00 100.00 100.00 100.00 100.00 
feed(*) 

(*) Caleulated. 
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30.31 23.62 

30.83 14.61 

30.22 12.59 
28.68 7.39 
30.09 5.89 

13.78 0.58 
18.06 4.79 

Samp1e Talls (*) 

Zn grade 
(%) 

Feed 
Ta,l 53.22 
Ta,l 2 54.37 
Ta,l '3 55.40 
Ta,l 4 55.81 
Ta,l 5 56.10 

Sample Talls (*) 

Zn rec. 
(X) 

-----------------
Feed 

Ta,1 1 93.50 
Ta,l 2 89.51 
Ta,l 3 85.78 
Ta,l 4 83.75 
Ta,l 5 82.10 



TABLE C.4 Z,nc reverse f1otat,on tests at K,dd Creek. 

Samp1es from f,na1 z,nc concentrate stream (c,rcu,t "A"). 

Samp1e 

RUN IDENTIFICATION 
****************** 

Run number 

Gas used 
Cond,t,omng 

4 
A,r 

20 ml n. 

Grade (%) Time 
(m,n) 

Sol,ds 

(%) Fe Zn Cu FeS2(*) CuFeS2(*) 
------------------------------------------------------------------------

Conc 1 0.50 10.55 25.80 25.10 2.28 51. 12 6.58 

Conc 2 1.00 4.51 24.20 26.80 2.47 47.32 7.13 

Conc 3 1.50 3.00 19.50 36.20 2.20 37.74 6.35 

Conc 4 2.50 2.61 13.20 44.90 2.07 24.45 5.98 

Tails 79.33 6.66 57.90 0.26 14.31 0.75 

Feed(*) 100.00 10.03 52.05 0.68 20.65 1. 96 

METALLURGICAL RESULTS 

Samp1e Cumu1at,v, grade Samp1e Ta,ls (*) 

Fe Zn Cu FeS2(*) CuFeS2(*) Zn grade 

(%) (%) (%) (%) (%) (%) 
------------------------------------------------------ -----------------

Conc 1 25.80 25.10 2.28 51. 12 6.58 Feed 

Conc 2 25.32 25.61 2.34 49.98 6.75 Ta il 55.23 

Conc 3 24.35 27.37 2.31 47.95 6.68 Ta,l 2 56.73 

Conc 4 22.94 29.58 2.28 44.98 6.59 Ta,1 3 57.49 

Feed(*) 10.03 52.05 0.68 20.65 1.96 Ta,l 4 57.90 

Samp1e Cumulatlve recovery Samp1e Ta,1s (*) 

Fe Zn Cu FeS2(*) CuFeS2(*) Zn rec. 

(%) (%) (%) (%) (%) (?) 
------------------------------------------------------ -----------------

Conc 1 27.15 5.09 35.47 26.12 35.47 Feed 

Conc 2 38.03 7.41 51.89 36.46 51.89 Tail 1 94.91 

Conc 3 43.86 9.50 61.61 41.94 61.61 Ta,l 2 92.59 

Conc 4 47.31 11.75 69.59 45.03 69.59 Ta,l 3 90.50 

Tal1s 100.00 100.00 100.00 100.00 100.00 Ta" 4 88.25 

Feed(*) 

(*) Calculated. 
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TABLE C.5 Z,ne reverse flotat,en tests at K,dd Creek. 

Sample 

Cone 1 
Cone 2 
Cone 3 
Cone 4 
Tai ls 

Feed(*) 

Sa',p1e 

Samples from f,nal zinc coneentrate stream (e,reu,t "A"). 

RUN IDENTIFICATION 
****************** 

Run number 5 
Gas used A,r 

Temperature 80 C. 

Grade (%) Sol,ds 
(%) Fe Zn Cu FeS2(*) CuFeS2(*) 

0.50 10.86 36.00 17.30 4.62 68.61 13.34 
1. 00 2.37 31.80 21.50 3.94 60.87 11.38 
1. 50 1.64 27.90 27.50 3.37 53.57 9.73 
2.50 1.95 17.40 39.90 2.31 33.02 6.67 

83.19 6.75 57.50 0.07 14.50 0.20 
100.00 11.07 51.45 0.75 22.48 2.18 

Cumulative grade Sample Ta,ls (*) 
Fe Zn Cu FeS2(*) CuFeS2(*) Zn grade 

(li!) (%) (%) (%) (%) (li!) 

------------------------------------------------------ -----------------
Cene 1 
Cone 2 

Cone 3 
Cene 4 

Feed(*) 

Sample 

Cene 1 
Cone 2 
Cone 3 

Cone 4 
Ta,ls 

Feed(*) 

36.00 
35.25 

34.44 
32.46 

11.07 

Fe 
(li!) 

35.29 
42.10 
46.23 

49.29 
100.00 

(*) Caleulated. 

17.30 4.62 68.61 13.34 Feed 
18.05 4.50 67.23 12.99 Ta,l 1 55.61 
19.10 4.37 65.72 12.63 Ta,l 2 56.54 
21.50 4.13 61.93 11.94 Ta,l 3 57.10 
51.45 0.75 22.48 2.18 Ta,l 4 57.50 

CumulatlVe recovery Sample Ta,ls (*) 
Zn Cu FeS2(*) CuFeS2(*) Zn rec. 

(%) (%) (li!) (li!) (li!) 

3.65 66.57 33.14 66.57 Feed 
4.64 78.96 39.56 78.96 Ta,l 1 96.35 
5.52 86.30 43.47 86.30 Ta,l 2 95.36 
7.03 92.27 46.33 92.27 Ta,l 3 94.48 

100.00 100.00 100.00 100.00 Ta,l 4 92.97 
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TABLE C.6 Zine reverse flotatlon tests at Kidd Creek. 
Samples from flnal Z1ne eoneentrate stream (elreult "Ali). 

RUN IDENTIFICATION 
****************** 

Run number 6 
Gas used Alr 
Temperature 65 C. 

Sample Tune Sol1ds Grade (:l:) 

(:l:) Fe Zn Cu FeS2(*) CuFeS2(*) 

------------------------------------------------------------------------
Cone 1 
Cone 2 
Cone 3 
('.one 4 

Tal1s 
Feed(*) 

Sample 

0.50 
1.00 
1.50 
2.50 

Fe 
(%) 

8.27 37.80 17.90 4.39 72.91 12.68 
3.04 34.30 21.60 4.30 65.57 12.42 
2.17 25.30 30.50 3.52 47.70 10.17 
2.55 18.80 39.00 2.66 35.36 7.68 

83.97 6.80 57.40 0.31 14.61 0.90 
100.00 10.91 51.99 0.90 22.23 2.59 

Cumulatlve grade Sample Tails (*) 
Zn Cu FeS2(*) CuFeS2(*) Zn grade 

(%) (%) (%) (%) (%) 

------------------------------------------------------ -----------------
Cone 1 
Cone 2 
Cone 3 
Cone 4 

Feed(*) 

Sample 

Cone 1 
Cone 2 
Cone 3 
Cone 4 
Tal1s 

Feed(*) 

37.80 
36.86 
35.00 
32.42 
10.91 

Fe 

(%) 

28.65 
38.21 
43.25 
47.65 

100.00 

(*) Calculated . 

17.90 4.39 72.91 12.68 reed 
18.90 4.37 70.94 12.61 Tal1 1 55.06 
20.76 4.23 67.20 12.21 T"11 2 56.21 
23.67 3.98 62.12 11.49 Tal1 3 56.86 
51.99 0.90 22.23 2.59 Tal1 4 57.40 

Cumulatlve recovery Sample Tal1s (*) 

Zn Cu FeS2(*) CuFeS2(*) Zn rec. 
(%) (%) (%) (%) (?e) 

2.85 40.39 27.12 40.39 Feed 

4.11 54.95 36.09 54.95 Tal1 1 97.15 
5.38 63.46 40.75 63.46 Tal1 2 95.89 

7.30 71.03 44.81 71.03 Ta,l 3 94.62 
100.00 100.00 100.00 100.00 Ta,l 4 92.70 
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TABLE 0.1 Resu1ts of 1aboratory f10tat,on test on cyclone overflow pr,mary gnnd,ng 

at Kidd Creek Mines. 

LABORATORV DATA 

-----------------------------------------------------------------------------------------------------
Samp1e Time Sol,ds Gas pH ORP, mV Oxygen Grade (%) 

(m,n) (g) (%) used (Ag/AgCl) (ppm) Zn Cu Fe 

-------- -------- ---------------- ------------------------------ ---------------------
Feed 7.90 85 6.10 

Head(*) ~.O 938.40 100.00 7.80 80 6.10 7.45 7.36 19.30 

Conc-1 2.5 136.40 14.54 Air 7.90 25 9.40 4.91 23.50 30.20 

Conc-2 3.0 70.30 7.49 A,r 8.00 28 8.20 5.37 21.60 29. 70 

Conc-3 4.0 69.80 7.44 A,r 7.90 40 8.30 7.79 17.80 31.00 

Conc-4 6.0 68.10 7.26 A,r 8.10 65 8.90 11.90 10.20 30.60 

Tai1s 593.80 63.28 7.73 0.42 12.90 

(*) calcu1ated, cond,t,ons after add,t,ons of xanthate and frother (2 m,n cond1t,omng) 

METALLURGICAL RESULTS 

-----------------------------------------------------------------------------------------------------
Cumul. Cumulative grade Cumulative m,neral grade Cumu 1 at we recovery 

Samp1e solids Zn Cu Fe Sphal Cha1co Pyrite Gangue Sphal Cha1co Pyrite Gangue 

(%) (%) (%) (X) (%) (%) (X) (X) (%) (%) (r.) (r.) 

--------- -------- ---------------------- ----------------------------- ----------------------------
Conc-l 14.5 4.91 23.50 30.20 7.32 67.87 20.51 4.31 9.6 46.4 10.8 1.6 

Conc-2 22.0 5.07 22.85 30.03 7.55 66.00 21.36 5.08 15.0 68.4 17.1 2.8 
Conc-3 29.5 5.75 21.58 30.27 8.58 62.32 24.30 4.81 22.8 86.3 26.0 3.5 

Conc-4 36.7 6.97 19.33 30.34 10.39 55.82 28.68 5.11 34.3 96.4 38.2 4.7 

Feed 100.0 7.45 7.36 19.30 11. 11 21.27 27.57 40.06 100.0 100.0 100.0 100.0 
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TABLE 0.2 Results of laboratory f1otat,on test on cyclone overflow pnmary grlndlng 
at K,dd Creek M,nes. 

LABORATORY DATA 

Sample T,me So11ds Gas pH ORP, mV Oxygen Grade (1.) 

(mln) (g) (%) used (Ag/AgCl) (ppm) ln Cu Fe 

-------- -------- ---------------- --------~--------------------- ------- - -- ----- - - - - --

Feed 8.00 -18 6.10 
Head(*) 2.0 971.50 100.00 8.10 -20 5.70 12.31 7.41 19.56 
Conc-l 2.5 170.50 17.55 N2 8.10 -10 3.40 5.20 22 70 29.60 

Conc-2 3.0 94.30 9.71 N2 8.20 -8 3.30 6.33 20.20 29.10 
Conc-3 4.0 60.90 6.27 N2 8.20 -12 3.30 9.50 11\. 50 29.20 
Conc-4 6.0 47.20 4.86 N2 8.10 -11 3.10 15.60 5.97 28.60 

Tal1s 598.60 61.62 15.30 0.43 13.50 

(*) calculated, condltlons after addltlons of xanthate and frother (2 mln condlt1Omng) 

METALLURGICAL RESUL TS 

-----------------------------------------------------------------------------------------------------
Cumul. Cumulatwe grade Cumu 1 at we ml ne ra 1 grade Cumulatlve recovery 

Sample sollds Zn Cu Fe Sphal Chalco Pyrite Gangue Spha1 Chalco Pyn te Gangue 
(%) (%) (%) (%) (%) (%) (%) (%) (X) (%) (%) (") 

--------- -------- ---------------------- ----------------------------- ----------------------------
Conc-l 17.6 5.20 22.70 29.60 7.75 65.56 20.73 5.96 7.4 53.8 13.0 3.2 

Conc-2 27.3 5.60 21.81 29.42 8.35 62.99 22.03 6.64 12.4 80.2 21.4 5.6 

Conc-3 33.5 6.33 20.44 29.38 9.44 59.04 24.52 7.01 17.2 92.5 29.3 7.3 

Conc-4 38.4 7.50 18.61 29.28 11.19 53.75 27.76 7.30 23.4 96.4 38.0 8.7 

F~ 100.0 12.31 7.41 19.56 18.35 21.40 28.03 32.23 100.0 100.0 100.0 100.0 
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11. APPENDI X 3 F ALCONBRI DGE LI MI TED (STRA THCONA MI LL) 

ON-SITE FLOTATION TESTS 

TABLE E. 1 Laboratory flotation test on Primary Rougher Feed using 

air (Test PRF-B). 

TABLE E.2 Laboratory flotation test on Primary Rougher Feed using 

ni trogen (Test PRF-A). 

TABLE F. 1 Laboratory flotation test on Primary Rougher Feed using 

air (Test PRF-Ol). 

TABLE F.2 Laboratory flotation test on Primary Rougher Feed using 

nitrogen (Test PRF-02). 

TABLE F.3 Laboratory flotatlon test on Primary Rougher Feed using 

air (Test PRF-03). 

TABLE F.4 Laboratory flotation test on Primary Rougher Feed using 

nitrogen (Test PRF-04l. 

TABLE F.5 Laboratory flotation test on Primary Rougher Feed using 

air (Test PRF-05). 

TABLE F.6 Laboratory flotation test on Primary Rougher Feed using 

nltrogen (Test PRF-OS). 

TABLE F.7 Laboratory flotation test on Primary Rougher Feed using 

nitrogen (Test PRF-07l. 

TABLE F.8 Laboratory flotation test on Primary Rougher Feed using 

air (Test PRF-08). 

TABLE F.9 Laboratory flotation test on Primary Rougher Feed using 

( air and nltrogen (Test PRF-OS). 
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TABLE F. 10 Laboratory flotation test on Primary Rougher Feed using 

air (Test PRF-10). 

FLOTATION TESTS AT HcGILL 

TABLE G. 1 Laboratory flotat ion test according 

procedure using nitrogen. 

TABLE G.2 Laboratory flotat ion test according 

procedure using air. 
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TABLE E.1 Resu1ts of 1aboratory f10tat,on test on Pr,mary Rougher Feed (Test PRF-B) 
at Strathcona m,11. 

LABORATORY DATA 

Samp1e r,me Sol,ds Gas pH ORP. mV Oxygen Grade (%) 
(m,n) (g) (%) used (Ag/Agel) (ppm) Nl Cu S 

-------- -------- ---------------- ------------------------------ ---------------------
Feed 9.56 -18 0.80 
Head(*) 2.0 2152.28 100.00 7.91 -260 1.40 1. 32 0.72 10.95 
Conc-1 2.5 211.95 9.85 A,r 8.31 -10 1.60 6.60 2.96 34.10 
Conc-2 3.0 83.47 3.88 A,r 8.21 15 3.00 5.50 4.30 34.40 
Conc-3 4.0 100.58 4.67 A,r 8.13 38 4.70 3.70 2.67 33.30 
Conc-4 6.0 85.28 3.96 A,r 8.07 52 6.10 2.00 1.21 31.30 
Ta,1s 1671.00 77.64 0.26 0.11 4.46 

(*) ca1culated. condit,ons after add,tions of xanthate and frother (2 m,n cond,t,onlng) 

METALLURGICAL RESULTS 

-----------------------------------------------------------------------------------------------------
Cumul. Cumulatlva grade Cumu1atwe m,nera1 grade Cumulat,ve recovery 

Sample so llds Nl Cu S Pentla Cha1co Pyrrho Gangue Pent1a Chalco Pyrrho Gangue 
(%) (%) (X) (%) (%) (%) (X) (X) (%) (%) (%) (%) 

--------- -------- ---------------------- ----------------------------- ----------------------------
Conc-l 9.8 6.60 2.96 34.10 17.08 8.58 63.94 10.40 52.1 40.7 27.4 1.4 
Conc-2 13.7 6.29 3.34 34.18 16.22 9.68 63.90 10.19 69.0 64.0 38.1 2.0 
Conc-3 18.4 5.63 3.17 33.96 14.38 9.19 65.30 11.13 82.0 81.4 52.2 2.9 
Conc-4 22.4 4.99 2.82 33.49 12.59 8.18 66.49 12.74 87.2 88.1 64.6 4.0 
Feed 100.0 1.32 0.72 10.95 3.23 2.08 23.01 71.69 100.0 100.0 100.0 100.0 
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TABLE E.2 Resu1ts of laboratory f1otat,on test on Pr,mary Rougher Feed (Test PRr-A) 
at Stra~hcona m,ll. 

LABORATORY DATA 

Sample T,me Sol,ds 
(m1n) (g) (%) 

-------- -------- ----------------
Feed 
Feed(*) 5.0 
Head(**) 7.0 1896.55 100.00 
Conc-l 7.5 24.30 1.28 
Conc-2 8.0 22.82 1.20 
Conc-3 9.0 23.31 1. 23 
Conc-4 11. a 26.27 1.39 
Ta,1s 1799.85 94.90 

Gas pH ORP, mV Oxygen 
used (Ag/AgC1 ) (ppm) 

------------------------------
7.88 -208 1.30 
7.88 -208 1.30 
7.91 -236 1.30 

N2 7.99 -225 1.20 
N2 7.98 -240 1.20 
N2 7.99 -246 1.20 
N2 7.99 -245 1.30 

1. 33 
1B.30 
19.80 
18.80 
10.30 
0.51 

Grade (%) 

Cu s 

0.72 10.68 
0.79 11.10 
0.94 29.30 
1. 29 27.30 
1. 71 20.10 
0.69 9.82 

(*) after 5 m,n n,trogen cond,t,on,ng; (**) ca1cu1ated, cond,t,ons after add,t,ons of xanthate 
and frother (2 m,n cond,t,oning) 

METALLURGICAL RESuLTS 

-----------------------------------------------------------------------------------------------------
Cumul. Cumulative grade Cumulat,ve m,nera1 grade Cumu1atwe recovery 

Samp1e so"ds N, Cu S Pent 1 a Cha lco Pyrrho Gangue Pent 1 a Cha lco Pyrrha Gangue 
(%) (%) (%) (%) (%) (%) (%) (%) (X) (%) (%) (%) 

--------- -------- ---------------------- -----~----------------------- ----------------------------
Conc-l 1.3 18.30 0.79 31.10 49.88 2.29 34.63 13.21 19.5 1.4 2.0 0.2 

Conc-2 2.5 19.03 0.86 30.23 51.95 2.50 30.52 15.02 39.4 3.0 3.4 0.5 

Conc-3 3.7 18.95 1.00 29.26 51.79 2.91 27.86 17.43 58.7 5.2 4.6 0.9 

Conc-4 5. 1 16.60 1.20 26.77 45.33 3.47 26.50 24.70 70.5 8.5 6.1 1 • 7 

Feed 100.0 1.33 0.72 10.68 3.2B 2.0B 22.30 72.35 100.0 100.0 100.0 100.0 
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TABLE F.l Results of 1aboratory flotatlon test on Prlmary Rougher Feed (Test PRF-Ol) 
at Strathcona ml11. 

LABORATORY DATA 

-----------------------------------------------------------------------------------------------------
Samp1e Tlme SOllds Gas pH ORP, mV Oxygen Grade (%) 

(min) (g) (1.) usee! (Ag/AgCl) (ppm) Nl Cu S 
-------- -------- ---------------- ------------------------~----- ---------------------
Feed 9.20 67 O. 70 
Head(*) 2.0 2198.41 100.00 9.20 -64 0.70 0.98 0.10 32.74 
Conc-1 2.5 215.87 9.82 Alr 9.30 55 7.60 1.70 0.28 35.70 
Conc-2 3.0 184.00 8.37 Alr 9.10 67 8.20 1.34 0.16 35.40 
Conc-3 4.0 181. 82 8.27 Air 8.90 70 8. 70 1. 18 0.12 35.30 
Conc-4 6.0 209.64 9.54 Alr 8.70 73 9.20 1.04 0.09 35.50 
Conc-5 8.0 236.96 10.78 Air 8.60 76 9.40 0.85 0.06 34.60 
Tails 1170.12 53.23 0.78 0.06 30.50 

(*) ca1culatee!, conditlons after addltlons of xanthate and frother (2 mln condltlonlng) 

METALLURGICAL RESULTS 

-----------------------------------------------------------------------------------------------------
Cumul. Cumulatlve grade Cumulatlve mlneral grade Cumulatlve recovery 

Sample sol1ds Ni Cu S Pentla Chalco Pyrrho Gangue Pentla Chalco Pyrrho Gangue 
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) 

--------- -------- ---------------------- ----------------------------- ----------------------------
Conc-1 9.8 1.70 0.28 35. 70 3.17 0.81 86.35 9.67 24.2 28.1 10.5 5.4 
Conc-2 18.2 1.53 0.22 35.56 2.71 0.65 86.53 10.11 38.4 41.8 19.4 10.5 
Conc-3 26.5 1.42 0.19 35.48 2.40 0.56 86.66 10.38 49.5 52.0 28.3 15.7 
Conc-4 36.0 1.32 0.17 35.49 2.11 0.48 86.98 10.43 59.3 60 38.7 21.5 
Conc-5 46.8 1.21 0.14 35.28 1.82 0.41 86.78 11.00 66.2 67 . .j 50.2 29.4 
Feed 100.0 0.98 0.10 32. 74 1.28 0.28 80.94 17.50 100.0 100.0 100.0 100.0 
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TABLE F.2 Results of 1abo~ato~y flotatlon test on P~lma~y Roughe~ Feed (Test PRF-O?) 
at St~athcona mlll. 

LABORATORY DATA 

-----------------------------------------------------------.---------------------------~--.-- ._--+ 
Sample T,me So1,ds Gas pH ORP, mV Oxygen G"dde (%) 

(mln) (g) (%) used (Ag/AgCl) (ppm) N, Cu S 

-------- -------- ---------------- ------------------------------ ----------------- - --
Feed 9.28 -23 0.80 
Feed(*) 5.0 9.26 -24 0.80 
Head(*"') 7.0 2300.94 100.00 9.29 -82 0.70 0.96 0 10 31 42 
Conc-1 7.5 10.63 0.46 N2 9.28 -84 0.30 6.05 1. 32 ?3 10 

Conc-2 8.0 6.85 0.30 N2 9.27 -84 0.20 7.43 1. J~ 24 JO 
Conc-3 9.0 9.35 0.41 N2 9.25 -84 0.20 7.07 1.17 24.00 

Conc-4 11.0 10.40 0.45 N2 9.23 -85 0.20 4.94 o 95 .'3 60 

Conc-5 13.0 5.56 0.24 N2 9.22 -86 0.20 4.20 1. 00 ~:'. :'0 

Conc-6 , 5.0 5.39 0.23 N2 9.20 85 0.20 3.15 0.77 25.00 
Conc-7 17.0 4.85 0.21 N2 9.16 -82 0.20 2.85 0.64 23.70 
Conc-8 19.0 3.46 0.15 N2 9.16 -82 0.20 3.00 0.72 26 60 
Ta,ls 2244.45 97.54 0.85 0.08 31 60 

(*) after 5 mln nlt~ogen condltlon,ngi (**) calculated, condltlons afte~ addltlons of xanthale 
and frother (2 m,n cond,t,on,ng) 

METALLURGICAL RESULTS 

-----------------------------------------------------------------------------------------------------
Cumul. Cumulat,ve grade Cumulatlve nlneral grade Cumulatlve recovery 

Sample so"ds N, Cu S Pentla Chalco Pyrrho Gangue Pent1a Chalco Pyrrho Gangue 
(%) (%) (r.) (%) (%) ('t) (%) (r.) (%) (%) (%) (%) 

--------- -------- ---------------------- ----------------------------- ----------------------------
Conc-l 0.5 6.05 1.32 23. 70 15.93 3.83 42.93 37.31 5.8 5.9 8.3 0.8 
Conc-2 0.8 6.59 1.33 23.94 17.44 3.86 42.24 36.46 10.4 9.7 0.4 1 3 

Conc-3 1.2 6.76 1.28 23.96 17.90 3.7CJ 42.06 36.34 16.4 14.3 0.6 2.0 
Conc-4 1.6 6.25 1. 18 23.86 16.48 3.44 43.22 36.87 20.9 18.5 0.9 2.9 
Conc-5 1.9 5.98 1.16 24.07 15.72 3.37 44.45 36.47 23.0 20.8 1.1 3.3 
Conc-6 2.1 5.67 1.12 24.18 14.83 3.24 4~.56 36.37 24.4 22.5 1.2 3.7 
Conc-7 2.3 5.41 1. 07 24.13 14.11 3.11 46.16 36.62 25.5 23.8 1.4 4.1 
Conc-8 2.5 5.26 1.05 24.28 13.69 3.05 46.95 36.31 26.4 24.9 1.5 4.3 
Feed 100.0 0.96 0.10 31.42 1.27 0.30 77.62 20.80 100.0 100.0 100.0 100.0 
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TABLE F.3 Results of laboratory flotation test on Pr,mary Rougher Feed (Test PRF-03) 
at Strathcona m,ll. 

LABORATORY DATA 

-----------------------------------------------------------------------------------------------------
Sample T,me Sol1ds Gas pH ORP, mV Oxygen Grade (%) 

(min) (g) (%) used (Ag/AgCl) (ppm) N, Cu S 
-------- -------- ---------------- ------------------------------ ---------------------
Feed 9.60 48 0.70 
Head(·) 2.0 2751.03 100.00 9.70 -88 0.70 1.39 0.63 12.02 
Conc-1 2.5 102.04 3.71 A,r 9.90 -60 4.80 10.30 4.61 34.00 
Conc-2 3.0 83.39 3.03 A,r 9.95 -48 5.90 6.50 4.72 33.00 
Conc-3 4.0 85.82 3.12 Ai ... 9.90 23 7.30 6.20 3.52 34.00 
Conc-4 6.0 67.05 2.44 A,r 9.86 42 8.20 4.63 1. 93 33.00 
Tails 2412.73 87.70 0.58 0.18 9.00 

(*) calculated, cond,t,ons after add,t,ons of xanthate and frother (2 m,n cond,t,on,ng) 

METALLURGICAL RESULTS 

-----------------------------------------------------------------------------------------------------
Cumul. Cumulat,ve grade Cumulative m,neral grade Cumulat,ve recovery 

Sample solids N, Cu S Pentla Chalco Pyrrho Gangue Pentla Chalco Pyrrho Gangue 
(%) (%) (%) (%) (%) (%) (l) (%) (%) (%) (%) (%) 

--------- -------- ---------------------- ----------------------------- ----------------------------
Conc-1 3.7 10.30 4.61 34.00 27.52 13.37 50.81 8.31 30.1 27.2 7.3 0.4 
Conc-2 6.7 8.59 4.66 33.55 22.75 13.51 53.51 10.22 45.2 49.9 14.0 1.0 
Conc-3 9.9 7.83 4.30 33.69 20.61 12.47 56.57 10.35 59.9 67.4 21. 6 1.5 
Conc-4 12.3 7.20 3.83 33.56 18.82 11.11 58.91 11.16 68.2 74.9 28. 1 2.0 
Feed 100.0 1.39 0.63 12.02 3.39 1.82 25.78 69.01 100.0 100.0 100.0 100.0 
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TABLE F.4 Results of laboratory flotatlon test on Pnmary Rougher Feed (Test PRF-04) 
at Strathcona mlll. 

LABORATORY DATA 

-----------------------------------------------------------------------------------------------------
Sample Tlme Sollds Gas pH ORP. mV Oxygen Grade (7.) 

(mln) (g) (%) used (Ag/AgCl) (ppm) Nl Cu :, 

-------- -------- ---------------- ------------------------------ ---------------------
Feed 9.70 56 0.80 
Feed(*) 5.0 9.74 51 0.70 
Head(**) 7.0 2197.24 100.00 9.80 -72 0.70 1.05 O.!)'? 9.50 
Conc-1 7.5 , 5.20 0.69 N2 9.78 -83 0.70 12.00 7.18 26.30 
Conc-2 8.0 15.55 O. 71 N2 9.71 -83 0.70 14.20 5.18 20./0 

Conc-3 9.0 14.02 0.64 N2 9.71 -83 0.70 10.90 4.67 23.20 
Conc-4 11.0 18.30 0.83 N2 9.72 -83 0.70 6.43 3.37 15.70 
Conc-5 13.0 39.96 1.82 N2 9.68 -77 0.70 13.00 3.09 26.40 
Conc-6 15.0 13.03 0.59 N2 9.71 -76 0.70 4.33 1 93 11. 00 
Conc-7 17.0 29.81 1.36 N2 9.68 -70 0.70 7.68 2.91 26.00 
Conc-8 19.0 5.47 0.25 N2 9.68 -67 0.70 3.68 1. 81 11 40 

Tal1s 2045.90 93.11 o 40 o 28 B ~o 

(*) after 5 mm mtrogen condltlon1n9; (**) ca1culated. condltlons after addltlOns of "antllate 
and frother (2 mln condltlomng) 

METALLURGICAL RESULTS 

-----------------------------------------------------------------------------------------------------
Cumul. Cumulat""e grade Cumulatlve mlneral grade Cumulatlve recovery 

Sample so"ds N, Cu S Pentla Chalco Pyrrha Gangue Pentla Cha1co Pyrrho Gangue 
(%) (%) (%) (%) (%) (%) (%) (1.) (%) (%) (%) (%) 

--------- -------- ---------------------- ----------------------------- ----------------------------
Conc-l 0.7 12.00 7.18 26.30 32.74 20.82 20.58 25.B6 8.9 9.6 O. 7 0.2 
Conc-2 1.4 13.11 6.17 27.51 35.75 17.89 23.69 22.66 19.6 16.7 1.6 0.4 
Conc-3 2.0 12.42 5.70 26.16 33.85 16.53 23.07 26.54 27.1 22.5 2.3 0.7 

Conc-4 2.9 10.68 5.02 23.13 29.09 14.57 21.12 35.21 32.B 27.9 3.0 1.3 

Conc-5 4.7 11.58 4.27 24.40 31.52 12.39 24.20 31.88 58.0 38.8 5.5 2.0 
Conc-6 5.3 10.77 4.01 22.89 29.30 11.63 22.94 36.13 60.7 41.0 5.9 2.5 
Conc-7 6.6 10.14 3.79 23.53 27.49 10.98 26.61 34.92 71.6 48.7 8.6 3.1 
Conc-8 6.9 9.90 3.71 23.09 26.86 10.77 26.22 36.15 72.6 49.5 8.8 3.3 
Feed 100.0 1.05 0.52 9.50 2.55 1. 50 20.45 75.51 100.0 100.0 100.0 100.0 
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TABLE F.5 Resu1ts of 1aboratory f1otat,on test on Pnmary Rougher Feed (Test PRF-05) 
at Strathcona m, 11 . 

LABORATO~Y DATA 

Sample Time Sollds Gas pH ORP, mV Oxygen Grade (%) 

(mln) (g) (%) used (Ag/AgC1) (ppm) Ni Cu S 

-------- -------- ---------------- ------------------------------ ---------------------
Feed 9.80 92 1.00 

Head(*) 2.0 2324.02 100.00 9.96 -52 0.90 1.20 0.54 12.61 
Conc-l 2.5 88.79 3.82 Alr 10.07 -25 9.10 7.73 5.50 34.10 
Conc-2 3.0 61. 52 2.65 Alr 10.10 8 9.70 6.52 3.21 33.30 
Conc-3 4.0 84.06 3.62 Alr 10.05 52 10.10 5.23 2.08 32.80 
Conc-4 6.0 149.57 6.44 Alr 9.98 75 10.30 3.24 0.81 32.70 
Tai1s 1940.08 83.48 0.40 0.14 8.55 

(*) ca1cu1ated, cond,t,ons after add,t,ons of xanthate and frother (2 mln condltlonlng) 

METALLURGICAL RESULTS 

-----------------------------------------------------------------------------------------------------
Cumul. Cumulative grade Cumu 1 at we ml ne ra 1 grade Cumulatlve recovery 

Samp1e sohds N, Cu S Pentla Cha1co Pyrrho Gangue Pent1a Cha1co Pyrrho Gangue 
(%) (%) (%) (~) (%) (%) (%) (~) (%) (%) (%) (%) 

--------- -------- ---------------------- ---------------_. ------------ ----------------------------
Conc-l 3.8 7.73 5.50 34.10 20.36 15.95 54.75 8.94 27.6 39.0 7.5 0.5 
Conc-2 6.5 7.23 4.56 33.77 18.94 13.23 57.49 10.33 43.5 54.7 13.3 1.0 
Conc.-3 10.1 6.52 3.67 33.42 16.91 10.65 60.57 11.87 60.6 68. 7 21.8 1.8 
Conc-4 16.5 5.24 2.56 33.14 13.29 7.42 65.71 13.58 78.0 78.3 38.8 3.3 
Feed 100.0 1.20 0.54 12.61 2.82 1.56 27.98 67.64 100.0 100.0 100.0 100.0 
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TABLE F.6 Resu1ts of 1aboratory f10tat,on test on Prlmary Rougher Feed (Test PRF-06) 
at Strathcona m,11. 

LABORATORY DATA 

-----------------------------------------------------------------------------------------------------
Samp1e T,me Sollds Gas pH ORP, mV Oxygen Grade (%) 

(m,n) (g) (%) used (Ag/AgC1 ) (ppm) N, Cu S 

-------- -------- ---------------- ------------------------------ ---------------------
Feed 9.84 78 1. 20 
Feed(*) 5.0 9.84 66 O. 70 
Head(**) 7.0 1734.27 100.00 9.90 055 0.40 2.10 1.05 14.35 
Conc-1 7.5 59.28 3.42 N2 9.88 -74 0.30 15.70 7.35 32.70 
Conc-2 8.0 42.32 2.44 N2 9.85 -77 0.20 14.40 6.84 32 20 
Conc-3 9.0 105.26 6.07 N2 9.83 -76 0.20 8.30 5.33 32 30 
Conc-4 11.0 54.13 3.12 N2 9.82 -80 0.20 6. 76 3 48 .l0.20 
Conc-5 13.0 137.61 7.93 N2 9.80 -72 0.20 1. 91 1. 20 32.:10 
Conc-6 15.0 29.45 1.70 N2 9.81 -73 0.20 2.38 0.92 28.40 
Conc-7 17.0 17.35 1. 00 N2 9.81 -72 0.20 2.28 0.72 26 00 
Conc-8 19.0 34.87 2. al N2 9.80 -68 0.20 1.47 0.38 29.60 
Ta115 1254.00 72.31 0.35 0.10 7.80 

(*) after 5 mln mtrogen cond,t,onlng; (**) ca1cu1ated, cond,tions after add,t,ons of xanthate 
and frother (2 mln cond1t,onlng) 

METALLURGICAL RESULTS 

-----------------------------------------------------------------------------------------------------
Cumul. Cumu 1 at lYe grade Cumu1at,ve m,nera1 grade Cumu1atlve recovery 

Samp1e so 1 lds N1 Cu S Pent 1 a Cha 1co Pyrrho Gangue Pent1a Chalco Pyrrho Gangue 
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) 

--------- -------- ---------------------- ----------------------------- ----------------------------
Conc-l 3.4 15.70 7.35 32.70 42.82 21.32 27.84 8.02 27.7 24.0 3.3 0.4 

Conc-2 5.9 15.16 7.14 32.49 41.30 20.70 29.12 8.88 45.8 39.9 5.9 0.8 

Conc-3 11.9 11.67 6.22 32.39 31.49 18.03 39.38 11.10 71.1 70.8 16.2 2.1 

Conc-4 15.0 10.65 5.65 31.94 28.64 16.38 42.05 12.92 81.6 81. 1 21.8 3.1 
Conc-5 23.0 7.63 4. " 32.06 20.11 11.93 53.36 14.59 87.5 90.2 42.3 5.3 

Conc-6 24.7 7.27 3.89 31.81 19.10 11.29 54.13 15.47 89.3 91. 7 46. 1 6.1 

Conc-7 25.7 7.08 3.77 31.59 18.56 10.93 54.33 16.18 90.3 92.4 48. 1 6.6 

Conc-8 27.7 6.67 3.52 31.44 17.42 10.22 55.54 16.82 91.3 93.1 53.1 7.4 

Feed 100.0 2.10 1. 05 14.35 5.28 3.04 28.99 62.69 100.0 100.0 100.0 100 0 
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TABLE F.7 Results of laboratory flotatl0n test on Prlmary Rougher Feed (Test PRF-07) 
at Strathcona ml11. 

LABORATORY DATA 

-----------------------------------------------------------------------------------------------------
Sample Tlme Sollds Gas pH ORP, mV Oxygen Grade (r.) 

(mln) (g) (%) used (Ag/AgC1) (ppm) Nl Cu S 

-------- -------- ---------------- ------------------------~----- -------------------~. 

Feed 9.77 65 0.70 
Head(*) 5.0 1829.68 100.00 9.77 65 0.70 1.34 0.56 13.77 

Conc-l 5.5 18.12 0.99 N2 9.79 70 0.27 14.00 10.60 31.50 

Conc-2 6.0 10.09 0.55 N2 9.79 69 0.24 12.90 10.50 29.40 

Conc-3 7.0 10.49 0.57 N2 9.77 68 0.22 11.40 9.12 26.70 
Conc-4 9.0 10.56 0.58 N2 9.79 66 0.21 7.37 6.36 20.30 

Head(**) 11.0 9.84 -46 0.32 
Conc-5 11.5 17.14 0.94 N2 9.82 -60 0.24 12. la 2.08 34.90 
Conc-6 12.0 13.34 0.73 N2 9.81 -64 0.22 12.30 2.18 34.50 
Conc-7 13.0 16.88 0.92 N2 9.80 -65 0.21 11.50 2.00 31.70 
Conc-8 15.0 39.91 2.18 N2 9.77 -63 0.24 8.13 1. 50 31. 00 
Tal1s 1693.15 92.54 0.58 0.24 12.40 

(*) calculated condltlons after 5 mln 
nltrogen cond,tiomng 

(**) condltlons after addltl0ns of xanthate and 
frother (2 mln condltlonlng) 

METALLURGICAL RESULTS 

-----------------------------------------------------------------------------------------------------
Cumul. Cumu1atlVe grade Cumu1atlve mlnera1 grade CUmulatlve recovery 

Samp1e SOllds Ni Cu S Pentla Cha1co Pyrrha Gangue Pentla Chalco Pyrrha Gangue 
(r.) (t) (t) (%) (%) (%) (%) (%) (X) (X) (r.) (r.) 

--------- -------- ---------------------- ----------------------------- ----------------------------
Conc-l 1.0 14.00 10.60 31. 50 38.26 30.74 20.36 10.64 12.0 18.7 0.7 0.2 
Conc-2 1.5 13.61 10.56 30.75 37.19 30.64 19.45 12.72 18.1 29.1 1.0 0.3 
Conc-3 2.1 13.01 10.17 29.65 35.55 29.50 19.06 15.90 23.8 38.4 1.3 0.5 
Conc-4 2.7 11.80 9.36 27.65 32.22 27.13 18.87 21.78 27.4 44.9 1.7 0.9 
Conc-5 3.6 11.88 7.48 29.52 32.26 21.68 28.31 17.74 37.1 48.4 3.4 1.0 
Conc-6 4.4 11.95 6.59 30.35 32.39 19.11 32.55 15.95 44.7 51.2 4.6 1.1 
Conc-7 5.3 11.87 5.79 30.59 32.12 16.79 35.41 15.69 53.7 54.5 6.1 1.3 
t.onc-8 7.5 10.78 4.54 30.71 29.00 13.15 41.50 16.36 68.5 60.4 10.1 1.9 
Feed 100.0 1.34 0.56 13.77 3.16 1.63 30.53 64.68 100.0 100.0 100.0 100.0 
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TABLE F.B Results of laboratory flotat,on test on Pr,mary Rougher Feed (Test PRF-08) 
at Strathcona m, 11. 

LABORATORY DATA 

-----------------------------------------------------------------------------------------------------
Sample T,me Sol,ds Gas pH ORP, mV Oxygen Gracie (1.) 

(m,n) (g) (%) used (Ag/AgCl) (ppm) N, Cu S 

-------- -------- ---------------- ------------------------------ ---------------------
Feed 9.57 -10 0.60 
Head(*) 2.0 3434.18 100.00 9.69 -150 0,40 1. 30 0 78 12.32 
Conc-1 2.5 87.20 2.54 A,r 9.77 -103 5.90 11. 50 7.57 35.00 
Conc-2 3.0 74.46 2.17 A,r 9.77 -58 9.50 7.84 7.39 33 70 
Conc-3 4.0 83.68 2.44 A,r 9.78 -46 10.20 6.68 4 74 34.00 
Conc-4 6.0 93.34 2.72 A,r 9.74 -34 10.30 5.10 2.55 33.40 
Ta,ls 3095.50 90.14 0.60 0.27 9 94 

(*) calculated, cond,t,ons after add,t,ons of xanthate and frother (2 m,n cond,t,onlng) 

METALIURGICAL RESULTS 

-----------------------------------------------------------------------------------------------------
Cumul. Cumulatlve grade Cumulat,ve mlneral grade Cumulat,ve recovery 

Sample sol,ds N, Cu S Pentla Chalco Pyrrho Gangue Pentla Chalco Pyrrho Gangue 
(%) (%) (%) (%) (%) (%) (t) (%) (:>:) (:>:) (%) (?) 

--------- -------- ---------------------- ----------------------------- ----------------------------
Conc-1 2.5 11. 50 7.57 35.00 30.97 21. 95 42.92 4.16 25.1 24.6 4.1 0.2 
Conc-2 4.7 9.81 7.49 34.40 26.27 21. 71 45.54 6.48 39.5 45.1 8.1 0.4 
Conc-3 7.1 8.75 6.55 34.26 23.24 19.00 50.10 7.67 53.0 59.9 13.6 0.8 
Conc-4 9.9 7.74 5.45 34.03 20.39 15.80 54.68 9.14 64.2 68.8 20.5 1.3 
Feed 100.0 1. 30 0.78 12.32 3.13 2.26 26.35 68.25 100.0 100.0 100.0 100 0 
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TABLE F.9 Results of laboratory flotat,on test on Prlmary Rougher Feed (Test PRF-09) 
F 

~ at Strathcona ml11. 

( 

LABORATORY DATA 

Sample 

Feed 
Feed(*) 
Head(**) 
Conc-l 
Conc-2 
Conc-3 
Conc-4 
Conc-5 
Conc-6 
Conc-7 
Conc-8 
Conc-9 
Cone-10 
Cone-l1 
Conc-12 
Ta,ls 

Tlme 
(mln) 

5.0 
7.0 
7.5 
8.0 
9.0 

11.0 
13.0 
15.0 
17.0 
19.0 
19.5 
20.0 
21.0 
23.0 

Solids 
(g) (X) 

2545.82 100.00 
31. 47 1. 24 
18.34 0.72 
21.83 
41.74 
12.41 
9.61 

".50 
13.91 

156.53 
82.70 

120.39 
73.39 

0.86 
1.64 
0.49 
0.38 
0.45 
0.55 
6.15 
3.25 
4.73 
2.88 

1952.00 76.67 

Gas 
used 

pH ORP, mV Oxygen 
(Ag/AgCl) (ppm) 

N2 
N2 

9.56 -18 
9.56 -125 
9.60 -174 
9.56 -166 
9.55 -170 

N2 9.54 -174 
N2 9.52 -181 
N2 9.53 -198 
N2 9.52 -210 
~2 9.51 -211 
N2 9.50 -215 
A,r 9.65 -94 
A,r 9.68 -71 
A,r 9.63 -49 
Air 9.61 -34 

0.80 
0.70 
0.30 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
9.28 
9.92 

10.16 
10.30 

Grade (%) 

Nl Cu S 

1. 31 
14.50 
13.90 
13.70 

13.20 
6.61 
3.74 
4.19 
3.70 
2.69 
2.31 
1.85 
1.43 

0.72 12.81 
5.95 34.80 
6.31 33.00 
4.81 31.20 
3.20 28.50 
2.52 17.70 
1.67 12.10 
1.35 13.50 
1.00 13.00 
3.13 34.30 
3.66 34.40 
1.5334.10 
O. 5~ 33.90 

0.310.106.95 

(*) after 5 m,n nitrogen cond,tlonlng; (**) calculated, condltlons after addltlons of xanthate 
and frother (2 mln condltlonlng) 

METALLURGICAL RESULTS 

Sample 

Conc-l 
Conc-2 
Conc-3 
Conc-4 
Conc-5 
Cone-6 
Conc-7 
Cone-8 
Cone-9 
Cone-l0 
Cone-11 
Cone-12 
Feed 

Cumul. 
so"ds 

(%) 

1.2 
2.0 
2.8 
4.5 
4.9 
5.3 
5.8 
6.3 

12.5 
15.7 
20.4 
23.3 

100.0 

Cumulatlve grade Cumu1atlve mlneral grade Cumu1at,ve recovery 
Ni Cu S Pentla Cha1co Pyrrho Gangue Pent1a Cha1co Pyrrho Gangue 

(%) (X) (X) (%) (%) (%) (%) (%) (%) (X) (r.) 

14.50 

14.28 
14.10 

13.77 
13.06 
12.40 
11.76 
11.06 
6.93 
5.98 
5.02 
4.58 
1.31 

5.95 34.80 39.30 17.26 
6.08 34.14 38.72 17.64 
5.69 33.24 38.25 16.51 
4.78 31.50 37.35 13.85 
4.55 30.14 35.43 13.21 
4.35 28.86 33.62 12.61 
4.11 27.65 31.87 11.93 
3.84 26.39 29.96 11.15 
3.49 30.29 18.21 10.13 
3.53 31. 14 15.49 10.23 
3.06 31.82 12.77 8.89 
2.75 32.08 11.50 7.98 
0.72 12.81 3.11 2.08 
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39.60 3.84 
38.09 5.55 
37.22 8.02 
35.91 12.89 
34.66 16.71 
33.46 20.30 
32.50 23.70 
31.59 27.30 
52.08 19.59 
56.38 17.90 
61.54 16.80 
64.04 16.48 
27.77 67.03 

15.6 
24.3 
34.6 
53.5 
56.3 
57.5 
59.1 
60.8 
72.9 
78.2 
83.9 
86.2 

10.2 
16.6 
22.3 
29.6 
31.3 
32.2 
33.0 
33.8 
60.6 
77.1 
87.2 
89.3 

1.8 
2.7 
3.8 
5.8 
6.2 
6.4 
6.8 
7.2 

23.4 
31. 9 
45.3 
53.8 

0.1 
0.2 
0.3 
0.9 
1.2 
1.6 
2.0 
2.6 
3.6 
4.2 
5. 1 
5.7 

100.0 100.0 100.0 100.0 



TABLE F. la Resu1ts of 1aboratory f10tat,on test on Primary Rougher Feed (Test PRF-l0) 
at Stratheona m,ll. 

LABORATORY OAT~ 

-----------------------------------------------------------------------------------------------------
Sample T,me Sol,ds Gas pH ORP, mV Oxygen Grade (X) 

(m,n) (g) (~) used (Ag/AgC1 ) (ppm) N, Cu S 
-------- -------- ---------------- ------------------------------ ---------------------
Feed 9.58 -50 0.60 
Head(*) 2613.87 100.00 9.58 -50 0.60 1. 22 0.64 11.26 
Cone-1 0.5 10.50 0.40 A,r 9.58 -16 8.79 7.87 15.50 30.50 
Cone-2 1.0 9.70 0.37 A,r 9.46 -6 9.12 4.14 14.20 28.50 
Cone-3 2.0 14.91 0.57 A,r 9.40 2 9.63 3.19 11.90 26.70 
Cone-4 4.0 16.50 0.63 A,r 9.36 10 9.76 2.31 9.34 26.10 
Head(**) 6.0 9.57 -109 1.06 
Cone-5 6.5 84.03 3.21 Air 9.66 -70 9.45 8.82 4.83 34.80 
Cone-6 7.0 56.72 2.17 Air 9.68 -52 10.00 7.54 2.66 34.40 
Cone-7 8.0 70.92 2.71 A,r 9.65 -31 10.11 5.63 1.46 34.40 
Cone-8 10.0 143.29 5.48 A,r 9.58 -18 10.24 3.33 0.87 33.50 
Ta,ls 2207.30 84.45 0.42 0.12 7.20 

(*) ea1eu1ated; (**) eond,t,ons after add,t,ons of xanthate and frother t2 m,n eond,t,on1ng) 

METALLURGICAL RESULTS 

-------------------------------------------------------------------------------------_._-------------
Cumul. Cumulative grade Cumulat,ve m,neral grade Cumulative recovery 

Sample sol,ds N, Cu S Pent1a Chalco Pyrrho Gangue Pent1a Cha1eo Pyrrho Gangue 
(X) (%) (%) (%) (%) (%) (%) (%) (%) (%) (~) (%) 

--------- -------- ---------------------- ----------------------------- ~---------------------------

Cone-l 0.4 7.87 15.50 30.50 21.36 44.95 19.45 14.24 2.9 9.7 0.3 0.1 
Cone-2 0.8 6.08 14.88 29.54 16.36 43.14 22.78 17.72 4.3 17.9 0.7 0.2 
Cone-3 1.3 4.85 13.61 28.33 12.92 39.47 25.83 21.78 5.9 28.4 1.4 0.4 
Cone-4 2.0 4.04 12.25 27.62 10.62 3S. Sl 29.42 24.44 7.2 37.6 2.4 0.7 
Cone-5 5.2 7.00 7.65 32.07 18.50 22.19 45.72 13.59 32.8 61. 7 9.8 1.0 
Cone-6 7.4 7.16 6.18 32.76 18.85 17.92 50.90 12.33 47.4 70.7 15.5 1.3 
Cone-7 10.1 6.75 4.91 33.20 17.62 14.23 56.27 11.87 60.6 76.8 23.4 1.7 
Cone-8 15.6 5.54 3.49 33.30 14.18 10.11 63.02 12.69 75.3 84.3 40.5 2.8 
Feed 100.0 1.22 0.64 11.26 2.93 1.87 24.22 70.99 100.0 100.0 100.0 100.0 

-----------------------------------------------------------------------------------------------------
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TABLE G.l Strat:'cona ore f1otation tests at McGl11 Umverslty 

LABORATORY DATA 
---------------------------------------------------------------------------------------------------
Samp1e Tlme Solids Gas pH ORP, mV Oxygen Grade (%) 

(mln) (g) (%) used (Ag/AgCl) (ppm) Cu N, S 
-------- -------- ----------------- ----------------------------------- --------------------------

Feed(*) 999.90 100.00 9.00 52 0.36 0.86 1.32 10.B9 
Cone.l 0.50 99.130 9.98 N2 9.20 47 0.21 6.87 6.97 29.90 
Cone.2 1.00 51.30 5.13 N2 9.00 47 0.23 1.24 3.82 29.40 
Cone.3 2.00 38.80 3.88 N2 9.15 49 0.21 0.52 2.21 30.30 
Cone.4 4.00 35.40 3.54 N2 9.20 51 0.19 0.32 1. 74 31.60 
Cone.5 5.00 60.20 6.02 N2 9.20 50 0.21 0.14 1. 19 33.20 
Cone.6 7.00 41.30 4.13 N2 9.00 48 0.25 0.16 1. 18 29.40 
Cone.7 9.00 19.00 1.90 N2 9.20 48 0.18 0.25 1.34 23.00 
Cone.8 11.00 8.90 0.89 N2 9. la 51 0.19 0.35 1.38 13.00 
Cone.9 13.00 8.20 0.82 N2 9.05 47 0.18 0.32 1.19 8.63 
Tail ings 637.00 63. 71 0.08 0.17 0.42 
---------------------------------------------------------------------------------------------------

METALLURGICAL RESULTS 
---------------------------------------------------------------------------------------------------
Samp1e Cumul. Cumu1atlve grade Cumulat,ve m,nera1 grade Cumu1atlVe recovery 

sobds Cu N, S Chalco Pyrrho Pentla Cha1co Pyrrho Pent1a 
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) 

----------------- ----------------------------------------------------------------------------------
Conc.l 9.98 6.87 6.97 29.90 19.86 42.28 18.48 79.98 18.76 57.09 
Cone.2 15.11 4.96 5.90 29.73 14.33 49.27 15.41 87.40 33. la 72.06 
Cone.3 18.99 4.05 5.15 29.85 , 1. 71 53.66 13.25 89.76 45.30 77.88 
Cone.4 22.53 3.47 4.61 30.12 10.02 57.13 11.71 91.08 57.22 81.68 
Cone.5 28.55 2.76 3.89 30.77 7.99 62.27 9.63 92.06 79.03 85.11 
Cone.6 32.68 2.44 3.55 30.60 7.04 63.48 8.67 92.83 92.22 87.65 
Cone.7 34.58 2.32 3.43 30.18 6.69 63.00 8.34 93.39 96.85 89.2C 
Cone.8 35.47 2.27 3.37 29.75 6.55 62.15 8.21 93.75 98.00 90.17 
Cone.9 36.29 2.22 3.33 29.27 6.42 61.16 8.09 94.06 98.67 90.92 
Feed(*) 100.00 0.86 1. 32 10.89 2.48 22.50 3.23 100.00 100.00 100.00 
---------------------------------------------------------------------------------------------------
(*) Ca1cu1ated 
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TABLE G.2 Strathcona ore flotation tests at McG,ll Unlvers,ty 

LABORATORY DATA 
---------------------------------------------------------------------------------------------------
Sample Time Sol,ds Gas pH ORP, mV Oxygen Grade (%) 

(min) (g) (%) used (Ag/AgCl) (ppm) Cu N, S 

-------- -------- ----------------- ----------------------------------- --------------------------
Feed(*) 1034.00 100.00 9.20 102 0.35 0.84 1. 34 10.94 
Cone.l 0.5n 197.40 19.09 A,r 9.27 112 8.40 3.69 4.05 32.90 
Cone.2 1.00 32.40 3.13 A,r 9.00 106 8.50 1. 12 2.77 27.00 
Cone.3 2.00 16.40 1.59 Air 9.30 105 8.45 1.03 2.27 <'2.80 
Cone.4 4.00 24.80 2.40 A,r 9.00 101 8.49 0.51 1. 76 23.00 
Cone.5 5.00 50.30 4.86 A,r 9.15 103 8.42 0.23 1. 11 30.60 
Cone.6 i.OO 28.00 2.71 A,r 9.30 110 8.41 0.22 1. 19 24.70 
Cone.7 9.00 16.30 1.58 A,r 9.16 110 8.34 0.29 1. 25 19.70 
Cone.8 11.00 7.10 0.69 A,r 9.18 108 8.33 0.42 1.48 11. 70 
Cone.9 13.00 4.30 0.42 A,r 9.10 106 8.28 0.55 1. 55 8.92 
Ta,llngs 657.00 63.54 0.07 0.20 0.50 
---------------------------------------------------------------------------------------------------

METALLURGICAL RESULTS 
---------------------------------------------------------------------------------------------------
Sample Cumul. Cumu1atlVe grade Cumu1at,ve m,nera1 grade Cumu1atlVe recavery 

sol ids Cu Ni S Cha1co Pyrrho Pent1a Chalca Pyrrha Pent1a 
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) 

---------------------------------------------------------------------------------------------------
Cone.l 19.09 3.69 4.85 32.90 10.66 63.07 12.27 83.92 53.24 70.98 
Cone.2 22.22 3.33 4.56 32.07 9.62 62.57 11.47 88.10 61.49 77 24 
Cone.3 23.81 3.17 4.40 31.45 9.18 61. 75 11.06 90.04 65.01 79.83 
Cone.4 26.21 2.93 4.16 30.68 8.47 60.97 10.41 91.50 70.65 82.68 
Cone.5 31.07 2.51 3.68 30.67 7.25 63.14 9.05 92.83 86.75 85.24 
Cane. 6 33.78 2.32 3.48 30.19 6.72 62.86 8.50 93.54 93.89 87.07 
Cane. 7 35.36 2.23 3.38 29. 72 6.46 62.13 8.24 94.09 97.14 88.33 
Cone.8 36.04 2.20 3.35 29.38 6.36 61.43 8.15 94.43 97.91 89.09 
Cane. 9 36.46 2.18 3.33 29.14 6.30 60.93 8.11 94.70 98.23 89.59 
Feed(*) 100.00 0.84 1.34 10.94 2.43 22.62 3.30 100.00 100.00 100.00 
---------------------------------------------------------------------------------------------------
(*) Calcu1ated 
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