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STUDY OF THE FINELY-DISPERSED GOLD RECOVERY PARAMETERS

Abstract. This paper provides a study of the parameters of fine gold extraction, using dispersant on a
column flotation machine. One of the important problems of gold mining industry is the involvement in the
processing of refractory hard-to-enrich gold raw materials, as well as the tailings, which occupy huge areas
and worsen the environmental situation. Flotation column machines, which are widespread in the enrichment
practice, along with the traditional mechanical and pneumomechanical machines, can radically increase the
manageability of the process due to the principle of all sub-processes, which require significantly different
hydrodynamic conditions, running in the same volume of the unit. The scientific novelty lies in the use of
the cavitation system based on the universal Rayleigh-Plesset (RP) cavitation bubble dynamics equation. As
basic reagents were used collector - xanthogenate butyl, foaming agent - T-92, Flotation was carried out on
tap water at pH - 7.0. Air pressure in dispersion systems was from 2 to 10 atm. The results of the experiments
showed that the most optimal parameter of the pressure generator in terms of pressure fed into the dispersion
system, is the figure of 6.0 atm. At pressure of 6,0 atm in dispersal system of the pressure generator the
mass yield of a concentrate has reached 9,0% and at the gold content in it 8,12 g/t the recovery has
increased to 87,0%. Further pressure increase contributes to intensive transfer of waste rock to the
concentrates, which markedly increases the mass yield, but at the same time decreases the gold content in
the concentrates. At 6.0 atm, the optimum balance of mass yield and noble metal content in the concentrate
is achieved.

Keywords: dispersant, finely-dispersed gold, column flotation machine, concentrate, tailings.

Introduction. At present, the development of the mineral resource base of Kazakhstan is
increasingly associated with the use of refractory finely dispersed mineral raw materials. Increase of the
beneficiation product recovery and quality without increase in processing costs remain the most
important problems in separation technology.

Since flotation is one of the main methods for beneficiation of finely dispersed mineral raw materials,
the development and implementation of highly efficient flotation processes and apparatuses that ensure high
selectivity in the separation of minerals without reduction of the recovery of a valuable component is of
great practical importance.

At present, the methods of mechanical and pneumomechanical flotation are mainly used in chamber-
type apparatuses that do not provide sufficient efficiency for the beneficiation of finely-dispersed
components. This disadvantage is exacerbated by the desire to use larger machines with a capacity of up to
100-300 m? where the flow structure does not contribute to separation selectivity [1, 5].

Selectivity and completeness of recovery are achieved with a pneumatic countercurrent flotation column
using finely dispersed bubbles to a greater extent, However, the use of such bubbles due to their
entrainment from the device downstream does not enable to achieve a high specific productivity of these
devices.

The main problem in increasing the efficiency of the flotation column is to create conditions for the
simultaneous production of finely dispersed bubbles and achieve a high specific productivity of the
apparatus, as well as a given process selectivity that is usually achieved by spraying the foam layer with
water. Development of the pneumatic flotation column method, both in our country and abroad, mainly
with the tasks to improve the methods and devi¢es for pulp aeration, improve the hydrodynamic
conditions for
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the mineralization of bubbles and the separation of mineral components, as well as use various methods of
physical impact on the process [6, 10].

One of the new and effective methods created based on physical impact on the flotation process that
enables simultaneously achieving high recovery and selectivity of separation of finely dispersed components
with an increased specific productivity of the apparatus, is the method developed at “IMB” JSC by a flotation
column in a unit with an air aerator [11]-[17].

Methods and materials. Modern research and analytical equipment was used during the study: atomic
emission spectrometer Optima 2000 DV (USA); X-ray diffractometer D8 ADVANCE; FT-IR Spectrometer
Thermo Nicolet Avatar 370 FTIR Spectrometer; X-ray fluorescence spectrometer Venus 200 PA Nalyical BV
(Holland) and mineralogical onoptical microscope Axio Scope Al. The following equipment was used during
the study: ball mill MSHL - 22k (Russia);

The material composition of the original ore was studied, and the technological modes of their flotation
were developed using a dispersant of air microbubbles on a column flotation machine. According to the
results of chemical analysis, the industrially valuable component of gold and silver in the test sample is
0.86 and 4.71 g/t, respectively, zinc - 5.61%, lead - 0.29%. X-ray phase analysis was performed with a D8
ADVANCE diffractometer. The analysis results are presented in table 1

Tablel - X-ray phase analysis of the original sample composition

Name Formula Content, %
Quartz SiO, 82.2
Microcline KAISi,0, 15.1
Kaolinite-1A ALSi,O,(OH), 1.7

The main rock-forming mass of raw materials is represented by quartz (82.2%), as well as aluminosilicates
of the microcline type (15.1%) and kaolinite (1.7%) under Table 1. Despite the absence of clear spectra of
sulfide minerals, earlier X-ray fluorescence analysis recorded 0.63% sulfur in the sample that can enable to
classify this raw material as low-sulfide. X-ray fluorescence analysis is presented in table 2.

Table 2 - Results of X-ray fluorescence analysis of the initial technological sample

Element Content, % Element Content, %
o 50.706 S 0.63
F 0.138 Cu 0.2

Na 0.039 K 1.237
Mg 1.573 Ca 0.978
Al 4,860 Ti 0.215
Si 30.8 Rb 0.006
P 0.036 Sr 0.004
Mn 0.07 Zn 5.7
Fe 1.939 Ba 0.257
Zr 0.008 Pb 0.077

Mineralogical study. A mineralogical analysis of a concentrate sample with an initial fineness of 89%
class 10 um (-0.01 mm) was performed to find the gold forms. A polished section (& = 25 mm, m of the
sample = 10-18 grams), formed from this material was studied under the Axio Scope.A1 optical microscope.
As aresult, 21 gold particles were found, of which:

* 12 particles in free form - 57.14%, Au dimension from 0.5 to 4.5 um, i.e. ultrafine, finely dispersed gold
(Figure 1, 2).

* 9 particles in intergrowths with waste rock - 42.86%, with parameters - Au from 0.4 to 6.1 um (Figure 3).

The particle size is as follows: Au (0.4-6. um), i.e. ultrafine (0.1-1.0 um) and finely dispersed gold (1.0-
10.0 um) (under Petrovskaya’s classification “Native gold”).
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Figure 1. Free gold particles in polystyrene

The found gold particles in the free state, covered with oxidation films, possibly of goethite-limonite
composition, are shown below in Fig. 2. Fig. 3 shows gold particles in host waste rock.

-
. -

Au 0.7x1.0 mkm | Au 1.1x1.1 mkm At Au 0.5x0.7 mkm

Au 1.3x1.6 mkm

Figure 2. Free gold particles covered with oxidation films

Characteristics of related components. Ore components presented in order of their occurrence:

- sulfides: arsenopyrite - Ars (FeAsS), pyrite - Py (FeS)), chalcopyrite - Cp (CuFeS)) and less often
bismuthine - Bi,S, pyrrhotite - Pirr (Fe,_S);

- iron oxides: goethite - (HFe02), hydrogoethite - (HFeO24- Ag) - g/g, magnetite - Mgt (Fe,0,), hematite
- Hm (Fe 0,).

Besides, aggregates of titanomagnetite (Ti-Mgt) with different compositions were found, their decay
structures have ulvospinel - TiFe O,(Fe,TiO,) in the form of the thinnest drop-shaped or dash-dotted
inclusions. Leucoxene (TiO,nH,O) develops after titanomagnetite in the form of crusty and penetrating
veinlet pseudomorphs.

In turn, there are corroded particles of metal scrap Fe (percentage ratio - 7.6% of the total number of the
studied grains, excluding waste rock particles), giving nearby minerals a burgundy-cherry hue of different
saturation and, possibly, also being the cause of cover formations on gold particles.

plp

Au 05206 miom

plp p/p

A8 0.8x1.3 mkm Au 0.750.7 mkm AU 1709 i

p/p

plp plp

2 O 103 mbm Al 376  milam

s E

Figure 3. Gold intergrowths with enclosing waste rock
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Along with this, there are grains of zircon - ZrSiO4, presented in the form of well-faceted pointed minerals
of a long-prismatic and dipyramidal habit, both regular, retaining their contours and shapes, and partially
destroyed (marginal remnants).

Non-metallic components are represented by prevailing quartz, mica, feldspars, carbonates, chlorite and
sericite (conventionally designated as “p/p” in the figures). Table 3 shows the form of gold particles in the
sample.

Table 3. Form of gold particles in a sample

Free gold Gold in intergrowths with waste rock
Form of gold - - - -
Au (surface clean) | Au "in an envelope" | Au edge intergrowths | Au core inclusions
Number of particles, pcs. 8 4 3 6
Percentage, % 38.09 19.05 14.29 28.57
Total quantity, pcs. 12 9
Dimension pm 0.5-4.5 0.4-6.1
General percentage, % 57.14 42.86
Total: 100.0

So, ultrafine and finely dispersed gold particles were found as a result of microscopic examination of
the original sample, both in free form and in intergrowths with waste rock. The size of the encountered Au
particles in the product varies within: Au from 0.4 to 6.1 um. The shape of gold particles is varied - spherical,
rounded, hooked, rarely elongated. The surface of Au grains is both smooth with clear contours and rough and
embossed. The largest gold grain was found in waste rock with the parameters - Au 3.7x6.1 pm;

In turn, there are corroded particles of metal scrap Fe (the percentage is 7.6% of the total amount of
the studied grains, excluding waste rock particles), giving nearby minerals a burgundy-cherry, less often
ocher-yellow, shade of different saturation. The main component of the product is ore-bearing veined waste
rock (feldspars of various classifications, quartzites, calcium carbonate, micas (sericite, muscovite, biotite),
chlorite and, to a lesser extent, mafic minerals such as apatite, olivine, plagioclase), conditionally designated
in the figures as “p/p.”. The content of iron oxides/hydroxides is 20.8%.

When the composition was studied, the raw material was sent to the column flotation machine using main
reagents. Pulp grinding to a size class minus 0.074 mm was 80%. The reagent mode of flotation beneficiation
included the supply of butyl xanthate at a concentration of 120 g/t and blowing agent T92 - 60 g/t. The air
pressure in the dispersion systems was from 2 to 10 atm. The results of the experiments are presented in table 4.

Table 4 - Results of experiments on column flotation machine under different pressure regimes

Pressure generator Name of products Yield, % Au content, g/t Recovery of Au,%
parameters, pressure, atm
Concentrate 7.0 8.0 66.7
2.0 Tails 93.0 0.3 33.2
Total 100.0 0.84 100.0
Concentrate 8.6 7.22 73.9
4.0 Tails 91.4 0.24 26.1
Total 100.0 0.84 100.0
Concentrate 9.0 8.12 87.0
6.0 Tails 91.0 0.12 13.0
Total 100.0 0.84 100.0
Concentrate 12.1 5.42 78.1
8.0 Tails 87.9 0.21 22.0
Total 100.0 0.84 100.0
Concentrate 14.65 4.28 74.6
10.0 Tails 85.35 0.25 25.4
Total 100.0 0.84 100.0

Results. As a result of the experiment at a pressure in the pressure generator of 2.0 atm., the concentrate
yield was 7.0% with a gold content of 8.0 g/t that gives a recovery of 66.7%. Increase of the pressure to 4.0
atm. contributed to an increase in the concentrate yield up to 8.6%, while the gold content was 7.22 g/t, and
already 73.9% was extracted into the concentrate. At a pressure of 6.0 atm. in the dispersion system of the
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pressure generator, the mass yield of the concentrate reached 9.0%, and with a gold content of 8.12 g/t, the
recovery increased to 87.0%. Subsequent options with an increase in pressure to 8.0 and 10.0 atm., resulted in
an increase in the mass yield of concentrates to 12.1-14.65%, while the gold content decreased up to 5.42 and
4.28 gft, respectively. It also resulted in a decrease in recovery to 78.1% at 8.0 atm. and 74.6% at 10.0 atm.

Discussion. The enlarged laboratory tests of the pressure parameters of fine gold extraction, using
dispersant on the column flotation machine were carried out. As the base reagents were used collector - butyl
xanthogenate, activity according to the certificate of 84.5 %; foaming agent - T-92, activity 100 %, flotation
time 15 min. Flotation was carried out with tap water at pH - 7,0. Air pressure in dispersion systems was from
2 to 10 atm.

The foam flotation method plays an important role in the beneficiation of base and precious metals, so it
is worth taking a closer look at the basic principles of this technology.

For efficient separation of minerals, they must be sufficiently crushed. It is almost impossible to extract
tiny sulfide particles on the concentration table.

During flotation, hydrophobic particles attach to air bubbles (and vice versa) and rise with them to the foam
surface. The surface of minerals better interacting with water. In this case the intensification of the process in
the apparatus under development can be achieved both by flexible management of processes of fixation and
detachment in various hydrodynamic zones and by application of new effective reagents, consumption rates
of which in the new apparatus can be significantly reduced due to higher probability of collision, fixation
of particles on bubbles and saving the formed flotocomplexes. Wettability features of different minerals are
different, so they must be processed in different ways. By adjusting the reagents used, the pH of the slurry,
and some other factors, the miner can determine which minerals will be collected by the foam.

With the use of innovative flotation equipment testify to the novelty of the proposed scientific project to
improve the gold recovery from 1.6 to 3.7%, and reduction of gold content in the tailings from 0.41 g/ t to
031g/t.

Conclusions. It was revealed that the content of gold in the test sample is 0.86 g/t, silver - 4.71 g/t. Gold is
found in the form of very fine grains in sulfides (arsenopyrite, pyrite), as well as ultrafine and finely dispersed
gold particles both in free form. The percentage of free gold in relation to gold in intergrowths is 57.14%:
42.86%, respectively.

Studies have been performed to process the original ore using a dispersant of micro-air bubbles on a
flotation machine column. The following main conclusions can be made based on the study results on the
flotation concentration of ore on a column flotation machine - the optimal fineness of the initial ore before
flotation was 80%0.074 mm; butyl xanthate should be used as a collector reagent; the optimal reagent flotation
mode was determined based on the study results - flotation of butyl xanthate - 120 g/t, T-92 - 60 g/t. The yield
of gold-containing concentrate was 9% with a gold content of 8.12 g/t and a gold recovery of 87.0%. The
study was financially supported by the Science Committee of the Ministry of Education and Science of the
Republic of Kazakhstan (Grant No. AP 08051925)
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MAMJIA JUCNEPHUSIBIK ANTBIHIBI AJTY IIAPAMETPJIEPIH 3EPTTEY

AHHOTamus. Bya KyMmbIcTa KOJMOHHA ()IOTOMANIWHACKIHA JUCIEPraTop/bl KOJJaHA OTBIPBIMN, JKYKA
JIMCTIEPCTI aNTBIHIBI aly MapaMeTpiepiH 3epTTey YCHIHBUIFAH. AJTBIH OHJIPY CAJaChIHBIH MAaHbI3/IbI
MpoONeMalapblHbIH Oipi eHjeyre KypaMbIHJa alThIHBI 0ap KWBIH OallbITHIIATHIH IIUKI3aTThI, COHJAM-aK
opacaH 30p alaHaapbl AJTbI )KATKAH JKOHE DKOJIOTHSIFA 3aJ1aJT KENTIPETIH KaJIbIK KOHMaap sl TapTy OOJIBIT
TaObIIanbl. balibiTy ToxipuOeciHae KeH TapaiFaH OaraHaibl (IOTOMAIIMHANAP IOCTYPIi MEXaHUKAIBIK
JKOHE TMHEBMOMEXAaHUKAIIBIK MAllHHAIAPMEH Karap, aWTapibIKTal epeKINeNICHETIH TUAPOANHAMUKAIBIK
KaFJaimapapl KaXeT eTeTiH OapiblK KOCaJKbl IMPOIECTEpPiH almapaTTapblHbIH OipblHFall KeJieMiHe
ary TIPUHIMITIH CaKTay HOTIDKECIH/E MPOIECTIH OacKapbUTyblH TYOETEHIIi apTThIpyFa MYMKIHIIK Oepei.
Makananarsl FUTBIMA JKaHAJBIK — Patineit-Ilneccertin xaBuTamusuislk keripiriri (RP) auHaMukackHBIH
omOebar TeHJeyiHe HeTi3JeNreH KaBUTAIUs JKYHeciH KoijaHy. ba3zamblk peareHTTEp peTiHae OyTHI
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JKUHAFBIII — KCAHTOTeHaThl, koOikreHmiprim — T-92 xommanbuiasl, ¢nortamus pH — 7,0 ke3iHme aFbIHIIBI
cyna xyprizinmi. Jucnepcus xxyienepinmgeri aya KbicbiMbl 2-1eH 10 arM-re neiiin 6omnabl. Toxipubenepuin
HOTIDKENepl KOPCETUII, TUCTIEPCTI KYHere ®KeTKi31IeTiH KbICHIM TYPFBICBIHAH KbICHIM T€HEpaTOPBIHBIH €H
oHTaibl napamerpi 6.0 Gonmbl. KpIChIM TeHEepaTOPBIHBIH TUCTIEPCTI KYHECiHIe KOHIEHTPATTHIH JKarmai
MIBIFBIMABUIBIFBI 9,0% WHIMKATOpFa )KEeTTi, an Kypambiaaa 8,12 /T menmepi 87,0% neitin ecti. KbIChIMHBIH
ollaH opi ecyi 0OC TYKBIMHBIH KOHIIGHTPATTapblHA KApKBIH/IBI aybICyFa BIKIAJ €Teli, OyJl OyKapasbIK
IIBIFBIHBI €19yIp apTThIpaibl, Oipak COHbIMEH Oipre olaplarbl alThIH KypamblH a3zaiTanbl 6.0. JKammai
KIpICTUTIKKE JKOHE KOHIIEHTPATTaFbl achUl METaJbIH KypaMblHA OHTAMIIbI Tele-TeHJIKKEe KOJ JKETKi3yre
MYMKIHIIK Oepeti.

Tyiingi ce3mep: mucmeprarop, Maija AMCIEPCHSIIBIK ANTHIH, OaraHaibl (UIOTAIMSIIBIK MAIIHMHA,
KOHIICHTPAT, KaJJIBIK.
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HNCCIIEAJOBAHUE ITAPAMETPOB U3BJIEYEHUA TOHKOJAUCIIEPCHOTI'O 30JIO0TA

AnHotamusi. B nmaHHOW paboTe MpenocTaBIEHO HCCIEIOBAaHWE MapaMeTPOB  HM3BIICUYCHUS
TOHKOJIMCIIEPCHOTO 30JI0Ta C MPUMEHEHHUEM JHCIIepraTopa Ha KOJIOHHOH ¢uioTomaninae. OQHON U3 BaXKHBIX
IPOOIIEM 30JI0TOJOOBIBAOIIEH OTPACIH SBJISIETCS BOBJICUSHHE B IEpepadOTKy YIIOPHOTO TPYAHOOOOTaTUMOTO
30JIOTOCOJICPKAIIETO ChIPhs, a TaKXKe XBOCTOXPAHWIMII, KOTOPhIE 3aHUMAIOT OTPOMHBIC IUIOIIATH U
YXYALIAIT JKOJIOTHYECKOe cocTosiHue. l[lomydmBiIMe MIMPOKOE paclpocTpaHeHHEe B OOOTaTUTENBHOM
MIPAKTHKE KOJIOHHBIE (PJIOTOMAIINHBL, HAPSAY C TPAAUIIMOHHBIMU MEXaHUYECKUMHU U THEBMOMEXaHUYEeCKIUMHU
MalllMHAMH, TIO3BOJISIOT PaJUKAIBHO TOBBICUTH YIPABISEMOCTh TIPOIEcCa BCIEACTBHE COXPAHEHUS
MPUHIIMIIA TIPOTEKaHUs B E€IWHOM OOBEME armapara BCeX CyONpoIleccoB, TPEOYIOIIUX CYIIECTBEHHO
OTIIMYAIOIINXCS THIPOAMHAMUYECKUX ycIoBHid. HayuHasi HOBU3HA 3aKIIIOYAaeTCsl B UCIIOIB30BAHUHN CUCTEMBI
KaBHUTAIlMU Ha OCHOBE YHUBEPCAJIHHOTO YPaBHEHHS TUHAMHUKHN KaBUTAIIMOHHOTO Ty3bIpbka Panes-Ilneccera
(RP). B xauecTBe 0a30BBIX peareHTOB MPUMEHSIIUCH COOMpATENh — KCAHTOTEHAT OYTHIIOBBIN, BCIICHUBATEIb
— T-92, ®norauus nmpoBoauiack Ha BogonpoBoAgHou Boae npu pH — 7,0. [laBnenue Bo3nyxa B cucTeMax
JCTIepTalyu cocTaisuio ot 2 10 10 atM. Pe3ynbraThl MpoBeIeHHBIX SKCTIEPHMEHTOB [TOKA3aJIH, 4YTO HanboIiee
ONTUMAJIBHBIM [TapaMEeTPOM HAIIOPHOTO TeHepaTopa B IUIAHE JIABJICHUS T0/IaBaeMOr0 B JIUCIICPrallHOHHYIO
cucreMy siBisiercs mokasarenb B 6,0 arm. Ilpu ngaBnenun 6,0 atM. B cucTeme JWCIEprallid HAIIOPHOTO
reHeparopa MacCoBBIN BBIXOJl KOHIIEHTpaTa JOCTUr nokaszarens 9,0 % u npu cofepxkaHuy B HEM 30i10Ta 8,12
/T u3BJIeYeHue yBenuaniock 1o 87,0 %. [lanpHeliliee MOBhIIIEHUE JaBIEHUS CIIOCOOCTBYET HHTEHCUBHOMY
MIEPEHOCY B KOHIICHTPATHI ITyCTOW MOPOJIbI, YTO 3aMETHO YBEIIMYMBAECT MAaCCOBBIN BBIXO/, HO B TO JKE€ BPEeMs
CHIDKaET cojiepkaHue 3050Ta B HuX. [loka3arens B 6,0 aT™M. O3BOJISIET JJOCTUYh ONTHUMAJILHOTO OallaHca 10
MacCOBOMY BBIXO/IY M COJIEPYKAHHIO 0JIATOPOIHOTO METalljia B KOHIIGHTpATe.

KuaroueBsbie ciaoBa: qucrepratop, TOHKOAWCIEPCHOTO 30JI0Ta, KOJIOHHAs (PIOTOMAIIMHA, KOHIEHTpAT,
XBOCTHI.
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