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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.

Key words: gold-bearing ores, gold nanoparticles, properties and characteristics, processing technologies, reduction of losses, technogenic ores, minerals-
concentrates, crystal structure defects, microcracks, films of newly formed minerals.

Табиғи және техногенді кендерден нанозолот бөлу технологиялары
Аңдатпа. Табиғи және техногенді кендерден нанозолот бөлудің инновациялық технологиялары ашылды. Алтын нанобөлшектерді минералды 

шикізатта табудың негізгі формалары сипатталған: тасымалдаушы минералдардың кристалды құрылымында, кристалдық құрылымның ақауларында, 
микрокректерде және жаңадан пайда болған минералдардың пленкаларында. Нанокөлшемді алтынның негізгі минералдары-концентраттары халцедон 
тәрізді кварц, альбит, валенсионит, мышьякты пирит, арсенопирит, халькопирит, марказит, темір оксидтері, реальгар, сазды минералдар болып табы-
лады. Құрамында алтыны бар кендерді байыту технологиясын жасау кезінде алтынның нанобөлшектерінің болуы белгіленген олардың қолданылатын 
технологияның мәніне және оның параметрлеріне әсер ететін физикалық және химиялық қасиеттерін, сондай-ақ сипаттамалары.

Түйінді сөздер: құрамында алтыны бар кендер, алтынның нанобөлшектері, қасиеттері мен сипаттамалары, өңдеу технологиялары, шығындарды 
азайту, техногендік кендер.

Технологии выделения нанозолота из природных и техногенных руд
Аннотация. Раскрыты инновационные технологии выделения нанозолота из природных и техногенных руд. Описаны основные формы нахождения 

наночастиц золота в минеральном сырье: в кристаллической структуре минералов-носителей, дефектах кристаллической структуры, микротрещинах 
и пленках новообразованных минералов. Показано, что основными минералами – концентратами наноразмерного золота являются халцедоновидный 
кварц, альбит, валенсионит, мышьяковистый пирит, арсенопирит, халькопирит, марказит, оксиды железа, реальгар, глинистые минералы. При раз-
работке технологии обогащения золотосодержащих руд, в которых установлено наличие наночастиц золота, необходимо учитывать их физические и 
химические свойства, влияющие на сущность используемой технологии и ее параметры, а также характеристики.

Ключевые слова: золотосодержащие руды, наночастицы золота, свойства и характеристики, технологии переработки, снижение потерь, 
техногенные руды.

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 μm) gold and 

often belongs to its associated type1, 2 [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 3, 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, es pe ci ally 
those formed due to hy per ge ne en rich-
ment, visible and na no gold are mainly 
associated with iron oxy hyd ro xi des. 
They contain cry stal line, fine-spongy, 
film-sheeted, drop-shaped, emul sion, 
po rous 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 

1Vorobiev A.E., Gladush A.D. Nanoengineering of the fuel and energy complex. – Т 2: Nanoassociates of rocks and nanominerals. 
– M.: RUDN, 2019. – 411 p. (in Russian)
2Peregudov V.V., Shautenov M.R. Gold mineralization of Kazakhstan. – Almaty: KazNITU named after. K.I. Satpaev, 2018. – 413 p. (in Russian)
3Osovetsky B.M. New gold. – Perm: Perm State National Research University, 2016. – 116 p. (in Russian)
4Osovetsky B.M. Natural nanogold. – Perm: Perm State National Research University, 2013. – 176 p. (in Russian)
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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 their nonspherical 
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 
state of nanosized particles dramatically 
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.
Сурет 1. Нанозолотты табудың әртүрлі формалары.
Рис. 1. Различные формы нахождения нанозолота.

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 × 3000; nanominerals in native iron: B – spheroidal 
nanogold inside multilayer carbon fullerite and on the surface of native 

iron (sp. 1): magnification × 7000.
Сурет 2. A – құрамында фаялит бар валенсианит (Сп. 1), электрум 

сфероидтары (Сп. 2) және электрум кластерлері (Сп. 3) қолдан 
жасалған алтынмен ауыстырылады (Сп. 4): үлкейту × 3000 

ауыстырылады; туынды темірдегі наноминералдар: Б – көпқабатты 
көміртекті фуллерит ішінде және табиғи темір бетінде (Сп. 1) 

сфероидты наноголд: үлкейту × 7000.
Рис. 2. А – Валенсианит (Сп. 1), содержащий фаялит, сфероиды 

электрума (Сп. 2) и кластеры электрума (Сп. 3) замещаются 
самородным золотом (Сп. 4): увеличение × 3000; наноминералы 

в самородном железе: Б – сфероидальное нанозолото внутри 
многослойного углеродного фуллерита и на поверхности самородного 

железа (Сп. 1): увеличение × 7000.
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To improve the efficiency of ex trac-
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 µm)) and fine 
(–10 µm –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 ex pe ri men-
tal laboratory model of in dust rial in-
stal lations, which are com ple ted in an 
industrial version with hyd ro me tal lur-
gi cal installations for the intensive lea-
ching of gold from gravity con cent ra tes.

As a result, 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) 

figure. 3. Principal technological scheme for processing samples for gold.
Сурет. 3. Алтынға үлгілерді өңдеудің негізгі технологиялық схемасы. 

Рис. 3. Принципиальная технологическая схема обработки
проб на золото.

figure 4. carla plant for processing geological samples.
Сурет 4. Геологиялық үлгілерді өңдеуге арналған carla зауыты.

Рис. 4. Установка carla по обработке геологических проб.
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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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