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TECHNOLOGIES FOR EXTRACTING NANOGOLD
FROM NATURAL AND TECHNOGENIC ORES

Abstract. Innovative technologies for separating nanogold from natural and technogenic ores are disclosed. The main forms of presence of gold nanoparticles
in mineral raw materials are described: in the crystal structure of carrier minerals, crystal structure defects, microcracks, and films of newly formed minerals. It is
shown that the main minerals — concentrates of nanosized gold are chalcedonic quartz, albite, valensionite, arsenic pyrite, arsenopyrite, chalcopyrite, marcasite, iron
oxides, realgar, clay minerals, etc. When developing a technology for the enrichment of gold-bearing ores, in which the presence of gold nanoparticles is established,
it is necessary to take into account their physical and chemical properties that affect the essence of the technology used and its parameters, as well as characteristics.
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Ta0uFu sk9He TEXHOTeH/Ii KeH/IepJAeH HAH030JI0T 06.Iy TeXHOJIOTHATIAPBbI

Angatna. TaOury >KoHE TEXHOTEHAI KEHAEPACH HAHO30JIOT OeIyAiH WHHOBAIMSUIBIK TEXHOJOTHSUJIAPHI aIlbUIABL. AJTHIH HaHOOOJIIEKTEepAl MHHEpaJIbl
IIUKi3aTTa TabyIbIH HeTi3ri ¢popMaiapbl CHIIATTAIFaH: TaChIMaJIayIlIbl MUHEPAIAAPABIH KPUCTAIIBI KYPBUIBIMBIHIA, KPUCTAIIBIK KYPBUIBIMHBIH aKayJapbIlHaa,
MHUKPOKPEKTEp/Ie JKOHE MKaHaJaH Iaiaa O0oIFaH MUHepalAapAblH IUIeHKanapeiHaa. HaHOKe meM/ i alThIHHBIH Heri3ri MHHEpaJapbl-KOHIEHTPATTapbl XaJIIEI0H
TOpi3/i KBapIy, abONT, BAICHCHOHUT, MBIIIBSIKTHI IIUPHUT, aPCEHOIMHUPHT, XaIbKOMHPHUT, MAapKa3HuT, TEMIp OKCHUATEPI, peanbrap, ca3asl MUHepaiaap OoJIbn Tabbl-
sansl. KypaMbIaia anTeiHbl 6ap KeHaepai 60aiibITy TEXHOJOTHSACHIH XkKacay Ke3iH/Ie aaThIHHBIH HaHOOOJIIeKTepiHiH 00Tyl OeNTiIeHreH OJIapbIH KOJAaHbBUIATEIH
TEXHOJIOTUSTHBIH MOHIHE JKOHE OHBIH [TapaMeTpliepiHe acep eTeTiH PU3NKAJIBIK KOHE XUMUSUIBIK KaCUETTEepiH, COHAai-aK cunaTraMasiaphbl.

Tyitindi co3oep: Kypamvinoa aimoiivl 6ap KeHoep, aimviHiblly HAHOOOIUEKmepI, KACUemmepi MeH CURammamaiapsl, O40ey mexHon0UsIaApbl, Wbl2bIHOAPObLL
asaumy, mexHo2ceHOIiK KeHoep.

TexHoJ0orum BBIJICJICHUSI HAHO030J/10TA U3 MPUPOAHBIX U TEXHOT€HHBIX PYJQ

AHHoOTanMs. PacKpbIThl MHHOBAIIMOHHBIE TEXHOJIOIUH BbIICJIEHNS] HAHO30JI0TA M3 NPUPOIHBIX U TEXHOT€HHBIX pyJ. OnycaHbl OCHOBHBIE (DOPMBI HAXOXKICHHS
HAHOYACTHI] 30JI0Ta B MHHEPAJIBbHOM ChIPbE: B KPUCTAIIIMYECKOH CTPYKType MUHEPAIOB-HOCHTENEH, Ne(eKTaX KPUCTATIMIECKON CTPYKTYPbl, MUKPOTPELINHAX
U IUICHKaX HOBOOOpPa30BaHHBIX MUHEpPaNOB. I[Toka3aHO, YTO OCHOBHBIMU MHHEPAlaMU — KOHI[CHTPAaTaM/ HAHOPA3MEPHOTO 30JI0Ta SBISIFOTCS XallleAOHOBUIHBIH
KBapIl, albOUT, BaJICHCHOHHUT, MBIIIBIKOBHCTBIH IMHPHUT, apCEHONMMPHT, XadbKOMUPHUT, MAapKa3UT, OKCUbI JKeJle3a, peaybrap, rIMHHCThIe MUHEpassl. [Ipu pas-
paboTKe TEXHOJIOINH 0OOTaleHHs 30JI0TOCOAEPKAIIUX PYyJl, B KOTOPHIX YCTaHOBJIEHO HAJMYUe HAaHOYACTHIL 30JI0Ta, HEOOXOIMMO YUUTHIBATh UX (pU3HUECKUE 1

XUMHYECKHE CBOﬁCTBa, BIHUSAIONINAE HA CYIITHOCTH MCHOHbSyeMOﬁ TEXHOJIOTUHU U €€ NMMapaMETPBhI, a TAKKE XapaKTEPUCTUKH.

Kniwoueswie cnosa: 30ﬂomocodepolcamue py@bl, Hanouacmuysvl 3010ma, ceoticmea u Xapakmepucmuku, mexnoaiocuu nepepa6om1<u, CHUMCEeHUue nomepbw,

mexHo2eHnble pyobl.

Introduction

At present, the concept of
«nano» in ore mineralogy and the
complex processing of natural and
technogenic mineral raw materials
has not yet been fully formed. At
the same time, finely dispersed ores
are taken into development, the
nanoparticles of which become the
main factor in the technologies for
obtaining a useful component from
them. The involvement of industrial
nanominerals in production leads to
a change in the concept of the most
useful component. It should be noted
that nanoscale technologies involve
the study and implementation of
mechanisms for extracting valuable
components already at the molecular,
atomic and electronic levels.

Nanogold (particle size of which
is less than 1 nm) is an important
component and variable part of finely
dispersed (less than 10 um) gold and

often belongs to its associated type'-*[ 1-
5]. The following forms of presence in
mineral raw materials were established
for it: in the crystal structure of
carrier minerals (pyrite, arsenopyrite,
quartz, and others), defects in the
crystal structure (dislocations, grain
boundaries, twin and interfacial
boundaries), microcracks and films of
newly formed minerals * 4. According
to numerous analytical studies,
the amount of nanogold contained
in sulfide, arsenide, and other ore
minerals can be quite significant,
reaching contents of 2-5 g/t for the
entire mass of gold-bearing ore [6].

The main minerals-concentrates
of nanosized gold are chalcedonic
quartz, albite, valensionite, arsenic
pyrite, arsenopyrite, chalcopyrite,

marcasite, iron oxides, realgar, clay
minerals, etc. In primary ores formed
due to hydrothermal activity, the
highest contents of nanogold, as a rule,

are associated with sulfide minerals.
For example, very high contents of
nanogold were found in arsenic pyrite
of the following gold deposits [6]:
Fairview (South Africa) — 1400 g/t Au;
Carlin (USA) — 4000 g/t Au; Getchell
(USA)—2400 g/t Au. In Kazakhstan, at
the Bakyrchik gold deposit, nano- and
submicroscopic dust- and amoeboid
segregations of gold in pyrite and
arsenopyrite also prevail [7].

In secondary gold deposits, especially
those formed due to hypergene enrich-
ment, visible and nanogold are mainly
associated with iron oxyhydroxides.
They contain crystalline, fine-spongy,
film-sheeted, drop-shaped, emulsion,
porous forms (Figure 1) of nanogold.

Materials and Methods

Currently, most experts agree
that the main losses in the industrial
production of gold are associated with
its microscopic and nanosized fractions.
The size, shape and composition
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of gold nanoparticles determines
their physicochemical characteristics
(solubility, density, hardness, strength,
specific conductivity, electrokinetic
potential, zeta potential, electric charge,
melting temperature, etc.), which
determines their behavior in processes
extraction at processing plants.

In particular, when enriching gold-
bearing ores, it should be taken into
account that gold nanoparticles have
special physical and chemical properties
that directly depend on their size, shape,
and dielectric environment. Thus, it was
experimentally established that gold
particles of the nanoscale level are quite
different from macroscopic gold in
their mechanical, chemical, electrical,
magnetic and other properties.

In particular, macroscopic gold is
a typical diamagnet, and its 1.9 nm
nanoparticles exhibit pronounced
ferromagnetic properties [6]. Short,
oxygenated gold nanowires conduct
electricity, while longer nanowires
often become insulators.

In addition, anisotropic gold
nanoparticles have unique optical
and electronic properties due to
the occurrence of localized surface
plasmon resonance during their
processing. Thus, anisotropic gold
nanoparticles (due to theirnonspherical
structure) have two  absorption
maxima: at about 520 nm and in the
range of 700-900 nm (depending
on the ratio of their geometric
parameters). In addition, gold in the
stateofnanosizedparticlesdramatically
changes its chemical properties
and is easily oxidized in air [8].

Results and Discussion

In order to ensure the efficient
industrial extraction of nanogold from
gold-bearing ores, it is necessary to
establish and evaluate its content
and parameters in various gold-
bearing samples. Nanogold in gold-
bearing ores is distributed extremely
unevenly, and a special technology is
used to objectively assess its content
in mineral raw materials. In addition,
it follows from numerous new data
that each individual nanosized gold
grain is extremely heterogeneous in its
composition and forms of occurrence,
and bears the same traces of a very
long formation (Figure 2), which also
affects the level of their extraction.

Figure 1. Various forms of finding nanogold.
Cypert 1. Hano30J10TThI Ta0yAbIH 9PTYPJIi hopmajiapbl.
Puc. 1. Paznnunbie ¢popMbl HAX0KACHUS HAHO30JI0TA.

Figure 2. A — valencianite (Sp. 1), containing fayalite, electrum spheroids
(Sp- 2) and electrum clusters (Sp. 3), is replaced by native gold (Sp. 4):
magnification x 3000; nanominerals in native iron: B — spheroidal
nanogold inside multilayer carbon fullerite and on the surface of native
iron (Sp. 1): magnification x 7000.

Cypert 2. A — kypambiaaa ¢pasaut 6ap BajgeHcuanut (Cm. 1), 3jekTpym
cheponarapsl (Ci. 2) :xoHe j1eKTpyM KiaacTepJepi (Cm. 3) Koagan
JKacalIiFaH aJThIHMEH aybICThIPbLIaAbI (Ci. 4): yakedty x 3000
ayBICTBIPBLIAABI; TYBIHIBI TeMipaeri HaHoMuHepaaaap: b — kenkadaTThI
KeMipTeKTi pysiepuT imiHge koHe Taduru Temip Getinge (Cm. 1)
cepouaTsl HaHOTO0JIA: YiaKeilTy X 7000.

Puc. 2. A — Banencuanut (Cm. 1), cogep:xammuii pasiiut, cheponabl
sjaekTpyma (Cm. 2) u kjactepsl djaekTpyma (Cm. 3) 3amemaTcs
caMopoaHbIM 3010TOM (C1n. 4): yBerudenue x 3000; HaHOMIHEPAJIBI
B CAMOPOJHOM 3keJie3e: b — cheponajibHOe HAHO30J10TO BHYTPH
MHOT'0CJI0I{HOTO yriiepoaHoro ¢y/jepuTa H HA MOBEPXHOCTH CAMOPO/HOT0
:keje3a (Cm. 1): yBeanuenne x 7000.
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To improve the efficiency of extrac-
ting nanogold from ores, it is proposed
to process the material of the gold-
bearing sample in a clearly regulated

sequence with the separation into
separate products of all gold particles
of different dimensions from large
(+0.25 mm), small (—0.25+0.10 mm),
thin (—0.10+0.01 mm (10 pm)) and fine
(=10 pm —0.001 mm (1 nm)) (Figure
3). The separation of gold concentrates
according to the size of gold grains
and gold grains is achieved by a
combination of devices operating
in passive (screw separator, jigging,
hydrocyclone) and intensive (centrifugal
devices) gravity fields (Figure 4).

The technological scheme of the
Carla plant was developed by V.V.
Peregudov and named after his
granddaughter. It is assembled in a
modular design from separate devices
and modules, which, depending on
the tasks to be solved, can change
places, etc. The best achievements
of Soviet technologists of the late
50s — early 60s of the last century,
as well as Leading Research Institute
of Chemical Technology (Moscow)
were used in the technology.

The technological scheme of the
chain of apparatuses is an experimen-
tal laboratory model of industrial in-
stallations, which are completed in an
industrial version with hydrometallur-
gical installations for the intensive lea-
ching of gold from gravity concentrates.

Asaresult, for each sample, various-
sized free native gold is obtained in
separate concentrates of centrifugal
apparatuses with a grain size of gold
particles from 10 microns (with an
extraction of more than 90%), others,
i.e. in rich ore microaggregates). The
final tailings contain mainly finely
dispersed gold (nanogold).

Conclusion

Thus, a distinctive feature of such a
technological scheme is:

= the entire geomaterial of the sample
without any reductions (including
boulder-pebble) goes into processing,
undergoing preliminary mechanical
processing in the self-grinding mill;

= after mechanical treatment of wet
screening, a sand fraction (-2 +0 mm) is
released, which undergoes a two-stage
enrichment, first (main) on a vibrating
screw separator, and then (control)

Mechanical activation

!

Screening

l +5mm l +2mm -2mm
Pebble Gravel Sands
(dump) l
Enrichment Basic enrichment
Screw separator
Screw separator
- Draft Tails
Tailings (dump) Concentrate concentrate l
Large*gold l Control enrichment
Recleaning Centrifugal

Centrifugal ppantus
apparatus
Cleaning
concentrate

Large gold — larger than 2 mm

Free “l:l“"‘ Fine gold — smaller than 2 m, larger than 0.1 mm
g Thin gold - finer than 0.1 mm,
Larger than 0.01 mm (10 um)

Centrifugal
concentrate

Scrap tailings S
ld-nanc d
Thin gold goldnano el
Gold intergrowths, v

camier minerals and
other heavy minerals

Final tails

Heat treatment

Extemal heating in the oven
v

Centrifugal concentration

Thermoconcentrate Thermal tails

Nanogold Atomically
scattered gold

Associated Finely dispersed gold—finer than 10 microns
native go Nanogold — smaller than 10 microns, larger than 0.001 microns

Figure. 3. Principal technological scheme for processing samples for gold.
Cypert. 3. AITbIHFA YJiarijepai eHeyaiH Heri3ri TeXHOJOrHAJIBbIK CXeMAachl.
Puc. 3. [IpyHunuajbHasi TEXHOJIOTHYECKAs cXeMa 00padoTKu
npood Ha 30J10TO.

1 — self-grinding mill;
2 — screw separator;
3 — centrifugal bowl devices

Figure 4. Carla plant for processing geological samples.
Cyper 4. I'eosiorusiiibIK yirijiepai enaeyre apuaiarad Carla 3aybIThI.
Puc. 4. Yceranoska Carla no o0padorke reojiorn4eckux npoo.
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on vibrocentrifugal apparatus, which
allows you to separate and more
or less evenly distribute among the
enrichment products free (large, fine
and thin) and bound (fine) native gold;

= quantitative determination and
study of free native gold in enrichment
products pre-treated in a self-grinding
mill is carried out by mineralogical,
chemical and hydrometallurgical
analyzes using X-ray diffractometry,
optical and electron microscopy,
microprobe X-ray spectral analyzes

of the composition of individual
grains of minerals, etc.;

= quantitative determination of finely
dispersed gold in the final enrichment
tailings is carried out with their
preliminary heating (heat treatment).
Due to external heating, the nanometer
dimension of grains of native gold
is enlarged to micron, gravitated. It
should be noted that the value of the
melting temperature of macroscopic
gold is 1064°C, and gold nanoparticles
with a size of 2.2 nm are melted only

at 126°C [8], which should also be
really reflected in the technological
schemes for processing gold ores.

The subsequent enrichment of the
heat-treated material in centrifugal
apparatuses and analysis of the
enrichment products makes it possible
to determine its amount by the
methods of scintillation spectrometry,
chemical, neutron activation and
hydrometallurgical analyzes. All
studies are accompanied by optical
and electron microscopy.
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