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Abstract: A sample of the refractory gold-containing ore of the Karernoye deposit was subjected to a stage crushing up to -0.071+0 mm
of grain size grade, followed by separation and averaging in accordance with the standard sampling technique for technological studies
and material composition reseraches. According to the chemical analysis, the average gold content the sample is 1.02 g/t. The content
of other elements and their compounds is as follows, %: Fe,0, —5,3; Fe  —2,17; SO, —0,045; S — 0,015; $* -0,865;C,, —1.87;
Corg_ < 0,1. Mineralogical and electron microscopic methods of analysis shown that gold in this sample is presented mainly in the form of
sulfide which are intergrowths with pyrite and microparticles interspersed into quartz and sandstone. The results of flotation washability of
the refractory ore according to the classical scheme in a closed cycle with 3 re-cleaning operations are presented. As a result of flotation
benefication of the studied ore, the conditioned flotation concentrate was obtained with a gold content of 26.68 g/t (as per technical
regulations requirements it is more than 20 g/t), with a mass yield of 3.48 % and gold recovery into the concentrate 91,0 %. In flotation
tailings, the gold content is less than 0.09 g/t, which is about 9 % of gold. The efficiency of the flotation process was calculated using the
Hancock-Louiken formula, the efficiency coefficient n was: n = 87.5 %, high efficiencies n > 75 %, indicates that the flotation process is
very effective, which is also confirmed by the high values of the coefficients of enrichment (K_ == 26.2) and reduction (R = 28.7). Taking
into consideration the complicated composition of the flotation concentrate by harmful impurities (arsenic, antimony and organic carbon)
and a high content of sulphide sulfur in the form of pyrite, the process of its further processing by direct cyanidation will be ineffective. In
this case one of the options for processing the flotation concentrate may be a preliminary chemical oxidation method of sulphides before

cyanidation.
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Introduction. At the present time, the metallurgi-
cal industry faces the problem of a negative tendency
towards share increase of sulphide, off-balance, com-
plex in chemical composition resistant gold-bearing
ores in the total volume of processed raw materials.
This is related to a decrease in the reserves of the most
accessible and lightly-conceived ores and an increase
in the proportion of gold-containing ores and concen-
trates, the treatment of which in conventional cyanide
processes does not provide a sufficiently high degree
of gold recovery [1].

In the middle of the 50s, in the territories of many
CIS republics, geological samples from new deposits
and deeper horizons of known deposits were stud-
ied, previously unknown in terms of the geological
structure and features of the material composition of
the vein-interspersed ore; gold-sulfide deposits, rep-
resented by mineralized zones and deposits in sedi-
mentary and volcanogenic-sedimentary rocks. Gold
in ores is associated primarily with sulphides (pyrite,
arsenopyrite, chalcopyrite, etc.), with iron oxides and
arsenates (limonite, scorodite, etc.), while a signifi-

cant (more than 20 %) part of it is in finely dispersed
form. Despite the significant number and large scale
of deposits of this type explored in subsequent years,
their exploitation is hampered to the present because
of the persistent nature of primary sulphide ores, the
processing of which requires the use of special expen-
sive technologies. [2-5].

The development and reclamation of technology
for extracting gold from accumulated technogenic
mineral objects, primarily from refractory gold-con-
taining ores, as well as from the dumps and tailings
of gold recovery factories and industries, acquires
special significance for many gold mining enterprises
whose raw stock of conditioned ore is close to ex-
haustion. In this regard, the rationale of this research
area is subjected to the presence in our country of a
large number of poor and refractory gold-containing
ores that are not currently processed [6, 7]. The object
of this study was the refractory gold-containing ore of
the Karjernoye deposit.

The purpose of this work is the study of flotation
enrichment of a refractory gold-containing ore and
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efficiency process calculation using the Han-
cock-Louiken formula [8-10].

Experimental part and discussion of the results.
To study the technological properties of the sample
of the Karjernoye deposit, a sample of the initial ore,
represented as a core, with a particle size of 5 to 15 cm
was selected. After averaging and quarting, the sam-
ple was crushed on a jaw and roll crusher, followed by
grinding to a size of -0.071 mm on a ball mill. Before
the experiments start, the sample was sent for chem-
ical, mineralogical, phase and electron microscopic
analyzes.

According to the chemical analysis, the average
gold content of the sample is 1.02 g/t. The content
of other elements and their compounds was also de-
termined as follows, %: Fe,0, —5,3; Fe - 2,17,
SO,* —0,045; 8> — 0,015; S* -0,865;C_, — 1.87;
Coe <0.1.

Mineralogical analysis of the sample revealed a
predominance of impregnations of pyrite and arse-
nopyrite in sandstone (Figure 1). According to the
mineralogical and phase analysis, no visible native
gold was found in the sample. However, a detailed
study of minerals on an electron probe microanalyz-
er revealed the presence of microinclusions of gold
in pyrite (Figure 2a, b). In accordance with Figure
2, the grains of arsenic pyrite in the sulfide sam-
ple, taken in the EDS regime with magnifications of
65 (a) and 250 (b), contain gold particles. Thus, in
photographs 4, “invisible” gold in pyrite is record-
ed. The grain size of the latter is 0.437x0.563 pm.,
That is 437x563 nanometers, 0.469x0.469 pm,
0.258x0.328  pum, 0.141x0.164 pm  and
0.023x0.023 um. Theobtainedresultsindicatethe for-
mationinthissampleofmineralogy ofsubmicroscopic
(“invisible™) gold [2].

anshlif an increase of x 100

Figure 1 — Pyrite dissemination in sandstone

a — increase of x 65

b — increase of x 250

Figure 2 — Grains of arsenic pyrite in a sulfide sample,
photographed in EDS mode S.

The results of mineralogical and electron micro-
scopic studies shows that gold in this sample is in a
sulphide form in the type of intergrowths with pyrite
and interspersed with quartz and sandstone. Ores
with such forms of gold finding are difficult to enrich
and require the use of specific combined methods of
extracting a useful component, with additional hydro-
and pyrometallurgical refinements.

Flotation and operating time of flotation concen-
trate according to the optimal regime were carried
out on standard laboratory flotation machines of the
“Mekhanobr” type with a chamber volume of 0.5; 1.0
and 3.0 dm’.
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Figure 3 — Scheme of ore flotation in a closed cycle

Flotation was carried out on tap water at pH
7-7.5 in a closed cycle with 3 cleanings at a pulp
density of 30 %, according to the scheme shown in
Figure 3.

Flotation was carried out using the following re-
agents:

- butyl xanthate - collector, activity on the certifi-
cate is 84.5 %;

- T-80 - blowing agent, activity 100 %;

- vitriol copper - activator, activity 65 %;

- sodium sulphide - activator, activity 100 %.

As aresult of flotation enrichment of ore with an ini-
tial content of 1.02 g/t, a conditioned flotation concen-
trate with a gold content of 26.68 g/t was obtained, with
a mass yield of 3.48 %, recovery to the concentrate of
91.0 %. In the tails with a content of 0.09 g/t, 9 % of gold
remained. Flotation results are shown in Table 1.

Table 1 — Results of flotation enrichment in a closed cycle

Products name Yield, % | Content, g/t | Extraction, % Au
Congentrate of the 348 26,68 91.0
final stage
Tails 96,52 0,09 9,0
Ore 100 1,02 100,00

The chemical analysis of the flotation concentrate
also showed the presence of the following elements
and compounds, %: SiO, — 35.65; ALO, — 9.25;
As — 1.75; Sb — 0.004; C_,~12.6, C  —0.14. The
content of total sulfur in the concentrate reaches
32 % and almost all of it (more than 99 %) is associ-
ated with pyrite (FeS)) according to the data of phase-
phase analysis. The chemical composition of the ob-
tained gold-containing flotation concentrate satisfies
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the technical specifications for flotation concentrates
TU 48-16-6-75, which are shown in Table 2.

Based on the experimental data, the efficiency of
the flotation process was calculated.

The beneficiation factor (or concentration - K_ . )
has been calculated by the following formula:

K= W /W,

where W /W  — mass fractions of the use-
ful component in the concentrate and in the ini-
tial ore, respectively, and was in this case:
K, i = 26,68/1,02 = 26,2;

Table 2 — Parameters of TR 48-16-6-75 - for flotation gold-bearing
concentrates

N ; Content Hurmidit
ame 0 S umidity,
concentrate Gold not - Impu.rltles, o - %
less than, g/t| Arsenic | Antimony | Alumina
Gold-containing
flotation 20,0 2,0 0,30 10,0 6,0
concentrate

The coefficient of reduction (R), characterizing the
quantitative reduction of the mass of the concentrate
in comparison with the mass of the ore, was calculat-
ed by the formula:

R =100/8,,
where B~ yield of concentrate in %,
and equaled: R =100/3,48 = 28.7.

The efficiency of ore beneficiation by flotation
was calculated using the Hancock-Louiken formula
[8-10]:
n=(e-y,,,.) 100/(100-ar) ,
where 1 is a coefficient (criterion) of efficiency, %
€ — extraction rate, %,

Y.~ Yi€ld of concentrate, %,
o — the content of the useful component in the initial
ore, %.

Estimated value equaled:

n =(91-3,48) -100 / (100-0,0001) = 87,5 %.

At values of the Hancock-Louiken coefficient
n>75 % the enrichment process is considered very ef-
fective, because at values greater than 50 % effective
and at 25 % ineffective. In this case, we can consider
the flotation tests to be very effective, which is also
confirmed by the high values of the coefficients of
enrichment (K, . = 26.2) and reduction (R = 28.7).

Taking into consideration the complex composi-
tion of the flotation concentrate for harmful impuri-
ties (arsenic, antimony and organic carbon) and a high
sulfur content of sulphide in the form of pyrite, the
process of its further processing by direct cyanidation
will be ineffective. Processing of concentrates of this
type is possible by known methods: pre-treatment of
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concentrates by calcination, autoclave oxidation in
acid media, chemical or biooxidation.

The processing of the obtained flotation concen-
trates can also be carried out by pyrometallurgical
methods. In this case, it is conducted jointly with
the main raw materials at the non-ferrous metallurgy
plants.

Conclusions. It is determined that gold in the sam-
ples of this ore is in a thin-grained state in iron sul-
fides.

Due to these properties, gold is well extracted in
flotation enrichment to produce a high-quality flo-
tation concentrate. The flotation method allowed to
concentrate gold in a rich product, the yield of flota-
tion concentrates was 3.48 %. The initial gold content
of 1.02 g/t in the ore increased to 26.88 g/t in the con-
centrate, while gold recovery was 91 %.

The Hancock-Louiken coefficient, which charac-
terizes the efficiency of enrichment, equaled 87.5 %,
which indicates that the flotation enrichment of this
ore is very effective, this is also confirmed by the high
values of the enrichment coefficients (K =26.2)
and the reduction (R = 28.7).

The admixtures of arsenic, antimony and organic
carbon, found during the chemical analysis, will com-
plicate the process of subsequent cyanidation. The
harmful effect of these impurities can be eliminated
by pretreatment of concentrates by calcination, auto-
clave oxidation in acid media, chemical or biooxida-
tion.

The processing of the obtained flotation concen-
trates can be carried out using pyrometallurgical
methods. Then it is carried out together with the main
raw materials at the non-ferrous metallurgy plants.
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TYWIHOEME

KapbepHoe KeH OpHbIHbIH eHAenyi kKbiH anTbiHbl 6ap keHAaepiHiH ynrinepi 3eptrengi, on 6enwekTtepAaiH enwemide -0,071 + 0 Mm-re

[OeniH ycakTangbl, cofaH keWiH 6eniHy, cTaH4apTThbl yIriney TEXHWKAcblHA CAMKEC TEXHOMOMMSMbIK 3epTTeynep MeH matepuangapapbl
KypaMAablK aHblkTay. XMMUSINbIK Tangayfa caikec ynrigeri antbiHHbIH opTawa Menwepi 1.02 r/T kypangel. backa anemeHTTepaiH xaHe
onapfblH KOCbINbICTapbIHbIH Kypambl MbiHagai, %: Fe,0, —-5.3; Fe  —2.17; SO,> - 0.045; S 2* - 0.015; S*—0.865; CO6u4 -1.87;C_ <0.1.
MwuHepanorusnblk xaHe 3neKTPOHAbI MUKPOCKONUANBIK Tangay aaictepi Oyn ynrigeri antbiH HEri3iHeH KBapL, NeH KymTacneH apanackaH
NUpUT XaHe MUKpoberLuek, KBapL, NeH KymTacTa kesgecei. OHaenyi KublH KeHAepaiH abblk LMKnaa yw peT dnoTtaumsanbik 6anbiTyapiH,
Knaccukanblk cbi3bacbl kepceTinreH.dnotaumanblk 6aibITyablH HOTUXKECIHAE 3ePTTENTEH KEHHEH KOHAMUMSAMbIK (hroTaunsanblk KOHLEH-
TpaT anbiHAabl. KypambiHaars! anTbiHHbIH Menwepi 26,68 r/T (20 r/T apTbik Tanan eTineTiH TK Tanantapbl), an Maccachl 60MbIHLLA KipicTinik
3,48 %, TazapTy KOHUEHTpaTbiHa anTblHHbIH anbiHy Menwepi 91,0 % kypagbl. ®noTaums kangblkTapblHblH, KypamblHAaFbl anTblHHbIH
menwepi 0.09 r/T kem, 6yn wamameH 9 % anTtbiH. ®roTauusi NpoueciHiH TMiMainiri XaHkok-JlykeH dpopmynackl 6oMbIHLLA ecenTenreH,
TMiMAINik koadppuumeHTi p: n = 87,5 %, xoFapbl TMiMainiri > 75 %, dprnotauusi npoueci eTe TMiMAi ekeHiH kepceTtesi, byn KoadprLmeHT-
TepAiH Xorapbl MeHAepiMeH pactanagbl GanbiTy (K o = 26.2) xeHe asanty (R = 28.7). driotaumanblk KOHLUEHTPATTbIH KYpAeni KypambiH
3UsiHAbI Kocnanap (MblLUbsIK, CypbMa >XaHe opraHuKarnblk KeMipTeri) )aHe KyKipTTiH, KypamblHAa NUPUTTI TYPiHAE any apkbinbl OHbl Tikenemn
UnaHuaneH eHaey agici Tnimcis 6onaabl. byn xargaiaa crnotaumoHabl KOHLEHTpaTThl eHAeyAiH 6ip Hyckachl cynbduaTepai umaHugaum-
sifa AeNiH anfblH-ana XMMUSTbIK TOTbIKTbIPYFa apHanfFaH aaic 60nybl MyMKiH.

Tywningi cesgep: eHaenyi KMbIH keH, roTauusanbik 6anbiTy, 6anbiTy KO3 UUMEHTI, azanTy KoaddurumneHTi, 6anbITy TUiMainiri, XaH-
KOK-JTtOKMHa KpuTepwmi

PE3IOME

Wccneposana npoba ynopHoi 3onoTtocogdepxallert pyabl MectopoxaeHus «KapbepHoe», koTopas noagepranachk ctagvanbHOMY
npobneHuto fo knacca kpynHoctn —0,071+0 mm, ¢ nocnegyowmum pasaeneHmemM, yCpeaHeHneM B COOTBETCTBMU CO CTaHAAPTHOW Me-
ToavKon oT6opa Npob (HaBecoK) AMs TEXHONOMMYECKUX NCCNefoBaHNA U N3y4eHNs BeLLeCTBEHHOro cocTasa. 1o AaHHbIM XMMWUYECKOro
aHanusa cpegHee cogepxaHuve 3onota B npobe coctasnset 1,02 r/t. CoaepxxaHve Apyrix aneMeHTOB U UX COeAnHeHn cneaytowee, %:
Fe,0, - 5,3; Fe, —2,17;80,> —0,045; §** - 0,015; S§* —0,865; C,, —1,87; C_ <0,1. MuHepanornieckum 1 arnekTpoHHO-MUKPOCKO-
NMYecKkMM MeTogamy aHanmsa yCTaHOBMEHO, YTO 30/10TO B JaHHOM Npobe HaXo4MTCsl B OCHOBHOM B CynbdraHoOM hopme B BUae CPOCTKOB
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C MMPUTOM M MUKPOYACTWL,, BKpanmeHHbIX B KBapL, 1 necyaHuk. MNpuBeaeHbl peaynstaThl hrioTaLMoHHON 060raTMMoCT YNOPHOW pyAbl Mo
KIacCUYeCcKol cxeMe B 3aMKHYTOM LiuKne ¢ 3 onepaunsamu nepeunctku. B pesynsrarte drotaumoHHOro oboralleHns nccrneayemon pyabl
ObIn NonyYeH KOHAULMOHHBIV (POTaLMOHHHbBINA KOHLIEHTPAT C codepxaHueM 3omnota 26,68 r/T (TpeboBaHusi no TY — 6onee 20 r/T), npu
3TOM BbIX0 Mo Macce coctasun 3,48 %, n3sneveHune 30noTa B KOHLUEHTpaT nepedncTtkm coctasnno 91,0 %. B xBocTax chrnotauum cogep-
aHwue 3onota meHee 0,09 r/t, uTo coctaBnsiet okono 9 % 3onota. [poBeaeH pacyeT achhekTBHOCTU NpoLiecca dnoTaumm no popmyne
XaHkoka-JlynkeHa, 3HaueHne koahpuumeHTa apdekTBHOCTU (n) cocTaBmmno: n = 87,5%. Takoe BbICOKOe 3Ha4YeHne KoadpcuLmeHTa ad-
deKkTMBHOCTU N > 75 %, CBUAETENbLCTBYET O TOM, YTO NpoLecc dnoTaumnm BecbMa adeKTUBEH, YTO MOATBEPXKAAETCSA TakKe 1 BbICOKUMM
3Ha4YeHuAMM KoabduumeHTos oborateHus (K . = 26,2) n cokpallenus (R = 28,7). YunTbiBas CroXHbIA COCTaB (PriOTOKOHUEHTpaTa o
BpEeAHbIM NMPUMECSM (MbILLbSK, CypbMa M OpPraHUYeckuin yriepoa) U BbICOKOe cofepkaHue cepbl CynbguaHOM B BUAE NUpuUTa, npouecc
OanbHelwel ero nepepaboTku NPsiMbIM LinaHpoBaHueM byaeT HeadPeKTUBHLIM. B faHHOM crnyyae, ogHMM 13 BapuaHToB nepepaboTku
PNOTOKOHLEHTpaTa MOXeT ObITb CMNOCO6 NpeaBapUTENbLHOMO XMMNYECKOTO OKUCTEHUS CynbgnaoB Nepeq LMaHnpoBaHueM.

KniouyeBble cnoBa: ynopHas pyaa, drnorauyoHHoe oboralleHne, KoapdurumeHT oboralleHnsi, KoapuuUMeHT cokpalleHusi, acpdek-
TUBHOCTb oboralleHus, kputepuin XaHkoka-JlyrikeHa
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