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PERFECTION OF POLYMETALLIC ORE FLOTATION CYCLE TO
OBTAIN AN EFFECTIVE CONCENTRATE FOR RECOVERY OF ME TALS

A perfectible bulk flotation simplified technology was developed to produce initially a
collective polymetallic concentrate for further treatment by a “sulphatization roasting - 2-step leaching
- metal cementation” method to recover all valuable metals besides the noble metals, and after this,
recover gold and silver from the base metal leaching residuum by cyanide leaching and following
electrowinning. It has been showed that all gold bearing sulphides copper, zinc, lead and iron were
successfully passed from polymetallic ore into collective concentrate which is a pleasurable
perspective for complex and effective recovery of all valuable metals contained.

Keywords: flotation, sulphide, polymetallic concentrate, pyrite, chalcopyrite, sphalerite, galena,
reagent regime.

Recently the mineralogical structure and interrelation of minerals in Shahumian
gold-bearing copper-zinc—lead polymetallic ores have been studied using X-Ray and
microscopic methods to estimate the recoverabilities of valuable metals, and it was shown
that the gold (as well as silver) is intimately associated with the sulphides as fine unliberated
grains. Majority of gold occurred in sulphide minerals grains, which must be decomposed in
order to let gold to be recovered. And some minerals are so much intergrown with each
other (especially, sphalerite with chalcopyrite and chalcopyrite with galena) that it is quite
impossible to separate them in convenient industrial milling and flotation processes.

On the other hand, in the processes of selective mineral flotation there are many
technological losses of valuable metals (Cu, Zn, Pb, Au, Ag, others), since it is very difficult
to separate one sulphide mineral from others especially galena (PbS) from sphalerite (ZnS)
or chalcopyrite (CuFesS,).

Due to intergrowth of minerals, the Kapan Processing Plant a long time cannot
produce separate copper, zinc and lead concentrates and at present it produces only
individual Zn-concentrate and complex Cu-Pb-Au-concentrate (see technological scheme in
Fig. 1) using: as an activator - copper sulphate CuS0O,4.5H,0 (600 g/t consumption) and
sodium sulphide Na,S (50 g/t); lime CaO (8000 g/t) as pH modifier; a complex collector
containing izobutyl xanthate — 55 % (50 g/t), amyl xanthate — 15 % (15 g/t) and aerophine
3418A — 30 % (24 glt); dowfroth and nasfroth frothers (70 g/t); zinc sulphate ZnSO,4.7H,0
(2500 g/t) as a depressor for sphalerite.

According to Mill assays, both concentrates apart from main metals contain a
significant amount of byproduct metals. For example, zinc concentrate (55...58 % Zn)
contains about 1.5 % Cu, 1.1 % Pb, 2.0 % Fe, 8 g/t Au and 150...200 g/t Ag; in copper
concentrate (22...26 % Cu) about 0.7 % Zn, 0.1 % Pb, 30.0 % Fe, 1.5...3.2 g/t Au, 50...100
g/t Ag; and in copper-gold concentrate (20...22 % Cu) about 6.0 %Zn, 6.0 % Pb, 25.0 %Fe,
80...120 g/t Au and 1500...2000 g/t Ag are available.

The amounts of copper, zinc, lead and other non-ferrous metals as well as iron in
ores are so high that it is not profitable to use the direct cyanide leaching technology
(without flotation) to recover initially gold and silver, because of ability of corresponding
minerals also to dissolve in dilute alkaline cyanide solutions, and their reactions may
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consume cyanide salt (NaCN) and oxygen, as well as produce a variety of solution species
which can reduce the efficiency of gold leaching and subsequent recovery processes.
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Fig. 1. Simplified Flow-Sheet of the Commercial Polymetallic Ore Flotation Cycle
(by the Technological Instruction of Kapan Processing Plant, 2009)

Taking into account above mentioned disadvantages of selective sulphide flotation
method, a perfectible technology was developed (Fig. 2) to produce initially a collective
polymetallic concentrate (containing all valuable minerals, including gold and silver) which
will be treated then by a “sulphatization roasting — 2-step leaching - metal cementation”
method to recover all valuable metals, apart from gold and silver, and after this, recover the
noble metals from the base metal leaching residuum by cyanide leaching and following
electrowinning.

According to this technology, flotation is used as a pre-concentration method to
allow more expensive refractory ore treatment to be performed on a smaller fraction of the
mineral. Under these conditions, the flotation circuit is operated to recover all the minerals
containing gold, i.e. bulk flotation. Conditions do not necessarily have to be optimized for
free gold recovery since this is readily recovered with other floatable minerals (i.e.
sulphides).

In general, the mineral's behavior during froth flotation is controlled by its surface
properties and these are a function of its chemistry, structure and the surface species
formed by reactions during processing [1].

Gold is naturally floatable in industrial systems [2], which means that it can be
recovered without collector addition [3,4]. This is due to the adsorption of hydrocarbons (and
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other reactions) depending on gold metallic properties, particularly, its high electrical
conductivity, which allows surface electrochemical reactions occurring catalytically and
selectively.

Gold hydrophobicity is enhanced by the addition of flotation collectors such as
xanthates, dithiophosphates (DTP) and mercaptobenzothiolates (MBT), as used in sulphide
mineral flotation (usually 25...75 g/t collector concentration is used).
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The mechanism by which gold hydrophobicity is enhanced is similar to that of
certain sulphides, e.g. pyrite [2]. Xanthate ions are oxidized on the gold surface to form the
neutral dimer dixanthogen:

(EtX), + 2e « 2EtX’; E°= 0.057 V, (1a)
(AmX), + 2e o« 2AmMX ; E°= 0.159 V, (1b)
O, + 2H,0 + 4e «40H"; E°= 0.401V, )

where Et and Am indicate ethyl (C2) and amyl (C5) alkyl groups. The non-polar liquid,
dixanthogen forms oily surfaces rendering them hydrophobic. The oxidation of xanthate ions
in bulk solution is very slow:

4ROCS, + O, + 4H" « 4(ROCS,) + 2H,0, ©)

where R is a hydrocarbon chain (for sodium ethyl xanthate R=C,HsOCS,Na). The equation
(3) demonstrates that the conducting surface of gold or semi-conducting minerals (e.g.
chalcopyrite, sphalerite and galena) is required for dixanthogen formation.

Oxide and silicate minerals are not electrical conductors and cannot sustain redox
couples described by equations (1) and (2). Hence the collecting action of the reagent is
very selective for gold and sulphides which means that reagent additions are typically low.

Impurities in gold (usually Ag and Cu) are more reactive than gold and can form
hydrophilic surface phases. Molar volume increases associated with reactions of these
impurities forming coatings on gold, e.g. Ag,S formation:

AQ,S +2e - 2Ag+S¥, E°=-0.705V, 4
which has a molar volume change of 183 %. Conversely, the hydrophobicity of native gold
increases if silver is leached from the surface regions [5], since this reduces the hydrophilic
portion of the metal surface.

Also, it is very well known that the flotation behavior of a sulphide mineral, when it is
mixed with other sulphide minerals in an ore, can be substantially different from that
predicted by single mineral. The reasons suggested for this behavior are attributed to
galvanic interactions between sulphide minerals [6,7].

The flotation of copper sulphides, e.g. chalcopyrite (CuFeS,), bornite (CusFeS,),
chalcocite (Cu,S) and covellite (CuS), is relatively straightforward with thiol collectors, and
differs from gold-pyrite-arsenopyrite flotation because a Cu-xanthate compound is formed,
which renders the copper minerals hydrophobic. In the case of chalcopyrite flotation
dixanthogen is also present [2].

Chalcopyrite is floated with ethyl xanthate over a wide pH range (4...11) due to the
stability of cuprous xanthate. It can only be depressed at pH > 11...12, unless cyanide or
sulphide are added. Flotation is also possible with dithiophosphates and the whole range of
xanthates (sodium aerofloat, methyl, ethyl, butyl and amyl xanthates [2]). Data on copper
minerals, galena (PbS) and sphalerite (ZnS) flotation for base metal recovery are available
in review [8]. The successful activation and flotation of sphalerite in complex Pb / Zn and Cu
/ Zn ores is shown in [9].

Since in our case gold is associated also with pyrite (FeS,), mainly in a locked
shape, this type of mineral association has to be flotation concentrated. Pyrite tends to
oxidize in air which affects its surface properties and flotation behavior. In the presence of
xanthate collectors in oxygenated solutions, the pyrite surface is rendered hydrophobic by
the formation of dixanthogen, through the same electrochemical mechanism as that for gold.
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Gold telluride minerals are not as natural hydrophobic as clean native gold, but are
at least as floatable as most sulphide minerals [2]. But tellurides, and galena (PbS) as well,
in polymetallic ore are everywhere associated with chalcopyrite and sphalerite grains, so
they eyewitness that, they can be floated together with these minerals.

Therefore, it is well-grounded that in order to reach an effectively joint flotation of
gold with copper, zinc and lead sulphide minerals and pyrite as well from polymetallic ore-
pulp, the following changes are carried out in the commercial flotation reagent composition:

e Zinc sulphate (ZnSO,x7H,0) (16 %) was excluded from the reagent complex
since it is used in commercial (working) flotation technology as a depressant for
sphalerite (ZnS), but sphalerite will not to be depressed in our case;

» Lime (Cao) was excluded from the reagent complex since it depresses gold and
iron sulphides, as well as lead, marmatitic zinc and certain minerals if excess
used that is not necessary [10], and in it's exchange a soda (Na,CO3) ash as a
pH-modifier was added to reagent complex (250...1500 g/t) which assists
flotation of precious metals and sulphides, by acting as gangue slime dispersant
[10];

* In exchange of isobutyl xanthate (in Complex Collector) was proposed to apply
methyl xanthate to which are simultaneously response chalcopyrie, sphalerite,
galena and pyrite, as well as borite, covellite and chalcocite in the presence of
activators [2].

Taking into account these changes the better reagent regime is recommended for

gold bearing collective Cu — Zn - Pb concentrate flotation technology (see Fig. 2):

* To the 1-st milling cycle (into ball mill) - Soda (Na,COs3) ash (300 g/t) + Sodium
sulphide ( Na,S, 50 g/t) / pH =7...8;

* To the rougher flotation cycle (into conditioning tank) — Complex collector* (20
g/t) + Copper sulphate (CuS0O,4.5H,0, 600 g/t) + Pine-oil T-66 (30 g/t) / pH =
8...9, 10 minutes duration;

e To the cleaner flotation cycle - Complex collector* (10 g/t) + Copper sulphate
(CuS0,4.5H,0, 450 g/t) + Pine-oil T-66 (15 g/t) / pH = 8...9; 15 minutes duration,

where Complex collector* = Methyl xanthate (55 %) + Amyl xanthate (15 %) + Aerofine
3418A (35 %). In industrial applications, abovementioned concentrations might be
corrected.

It is seen from the illustrated diffractogram (Fig. 3) and qualitative estimate, that gold
bearing copper, zinc, lead and iron sulphide minerals were successfully passed from
polymetallic ore into collective concentrate which is a pleasurable and suitable perspective
for complex and simultaneously effective recovery of all valuable metals contained
intergrown gold and silver.

By the data of silicate-chemical and mineralogical analysis an experimental sample
of collective concentrate (14.5% Cu, 8.25% Zn, 9.32% Pb, 23.41% Fe, 0.21% Cd,
32.36% S; 17,59/t Au; 241.8 g/t Ag) assayed at the Chemical laboratory of Kapan
Processing Plant using above recommended technological principle and corresponding
reagent regime has the following main mineral composition (%): 12.31 ZnS, 22.92 FeS;;
42.64 CuFeS,; 10.96 PbS; 0.26 CdS; 4.84 SiO,; 2.56 Al,O3. and (CaO + MgO) the rest.This
is a quite satisfied result for high flotation grade to be guaranteed.
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Fig. 3. Diffractogram of the gold-bearing collective polymetallic concentrate
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L.G. UUrqeuUsuy, 1L £N4UUU3UL, U.v. UNUSUUGU

RUQUUUTEBSUNUSPUL LNASUSUTUL ShULP WUSULTGLUANONRUL UESUNLEE
ynrouuy 2UUUC UMBSNRLUYES SULSNREh USUSUUUR

Upujqus L Juuwpbjugnpsws Swduquyhtt  dppunugdwtn yupqbgyus
nkjutininghw’ twpwybu dhuubwlwb puqdudbnwunujhtt punwiyniph vinugnudng, npu
wjunthbn whwp bt JEkpudowlyp «anypunugunn pnnd - Eplthny nmuppunsmd -
Ubknwnutph tunbkgnid» dbkpnnny, wquhy dbwnwnubphg pugh, poinp dniu wpdbipwuynp
dbknwntutph Ynpquub b ppu unpwpugniljh hbnnwqu ghwihnuihtt nmuppunisdwt no
hEyunpulnpquut Swtwyunphny nuljnt b wpdwph unugdwt hwdwp: 8n1yg k wipdws, np
nultinwup wnudh, ghuljh, Yuwuwph b tpwph ponp unydhpubpp puqUudbnunuyht
hwiupwpwphg hwonnmpjudp wbgund &t pbhyh dJhwubwlwi fonwiymp, hbsh
wpynmibudbn twhwungpu) b ipuinid welju pnnp wpdbpwynp dbknwnubph hwdwihp
Ynpquut hwdwp:

Unwigpughli punkp. dnunwugnid, unydhn, pwuquudbnwunuyhtt  junwiynip,
whphw, hwgynwhphn, uukphin, qukihun, wquibynpuht nkdhd:

JLE. CAPI'CAH, O.JI. TOBMACAH, M.X. MOATACEM

COBEPIIIEHCTBOBAHME ITOJUMETAJIIMYECKOI'O ®JIOTAIIMOHHOTI'O IIUKJIA C
TNNOJIYYEHUEM 3PPEKTVIBHOI'O KOHIIEHTPATA JIIJIA
M3BJIEYEHVA METAJIJIOB

PaspaGoTaHa yCOBepLIEHCTBOBAaHHAS TEXHOJOTUsS YIIPOLIEHHON 06BeMHOM (roTanuu C
[IpeZBapUTEIbHBIM IIONyYeHUEeM IIOIMMETaI/INYeCKOT0 KOHIEHTpaTa, KOTOPHIH BIIOCHIENCTBUU
JOKeH  00pabaThIBaThCs — METOAOM  ‘Cyiab(aTWsupymomuit  OOXHI  —  [JBYCTafUNHOE
BBEINII€JIAYMBAHHUE — II€MEHTaAIlud MeTEUI.TIOB’7 JId HU3BJIE€YEHHA BCEX I€HHBIX METAJIJIOB, KpOMe
6IaTOPOAHBIX, C IOCAEAYIOMMM IIUaHHNPOBAaHNEM KeKa BBIIENIAaYMBAHUA U JeKTPOU3BIeYeHUEM
3070Ta U cepebpa. [lokazaHo, YTO BCe 30I0TOHOCHBIE CYIb(UABI ML, IMHKA, CBHHIIA U KeJe3a
M3 MTOJIMMETA/INYECKON PYLBI YCIEIIHO IePEXOAIT B KOJJIEKTUBHBIM KOHIIEHTPAT, UTO SIBJIETCS
XOpouIei IpeAIIOChUIKON A1 KOMILIEKCHOTO ¥ 5(PGdeKTUBHOTO M3BIeYeHUT COZEPKAIINX B HEM
BCEX IIEHHBIX METAJIIOB.

Krrovessre cropa: dnoranuda, cyabduz, IOIUMETA/UIMYeCKHII KOHIIEHTPAT, IIHPWT,
XaJIBKOIIUPHT, ChasepuT, TaJIeHUT, PeaTreHTHBIN PeXUM.
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