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STUDY OF GOLD ACCUMULATION REGULARITIES
IN CLOSED GRINDING CYCLES

Abstract. The peculiarity of gold ore processing is the accumulation of gold during grinding cycles of the
circulating equipment. It has been shown that the use of roll grinders and advanced mode of hydrocyclone operation
can effectively recycle high gold grades, resulting in extraction of rich gold concentrate.

Key words: water-shredding concentration, mechanism, grinding and classification units, indicators of gold
concentration.

Currently, the mining industry has an acute problem of increasing the extraction of useful
components from gold ores and industrial materials. For the extraction of precious metals the most
applicable are gravitational methods of enrichment. Also attention is drawn to the problem of extracting
gold fine particles and plate-shaped particles that are poorly retrieved by existing technologies. In its
decision there are new tasks of the theory of enrichment processes, improvements in technology and
hardware equipment of ore dressing processes and technogenic raw materials.

The peculiarity of gold ore processing is the accumulation of gold in the circulating products of
closed grinding cycles. Depending on the size of gold particles in the ore the concentration degree of gold
in the closed grinding cycle in industrial environment by grinding the ore in ball mills is in the range from
2 to 8 or more [1]. The larger the gold in the ore, the higher the degree of concentration in the circulating
product.

The accumulation of gold in the circulating products of grinding cycles is explained by the reason
that sufficiently large gold particles are poorly broken and do not go into the sink of classifying apparatus
as long as their particle size is reduced to a size at which, in accordance with a separation characteristics
of classifying unit there is a possibility of access to the drain.

Process of accumulation of gold in the circulating products depends on the efficiency of
classification of classifying equipment. Thus, hydrocyclones classification efficiency is 55-60%.
Therefore, 20-30% of the particles larger than the size of the division are lost with drain hydrocyclone.

To ensure maximum performance of gold accumulation in circulation-grinding concentration it is
necessary to reduce the overgrinding of gold particles and to provide high efficiency of classification.

Grinding of gold particles is significantly reduced when using the grinding method of crushing in the
roll mill or by impact in a centrifugal impact mills.

To improve the effectiveness of classification we proposed in the circulation-grinding concentration
to set the mode of hydro-cyclone, in which gold particles with a given size can not go down the
hydrocyclone drain [1, 2, 3]. For given conditions it is determined the hydrocyclone separation
characteristics when working in open loop. An example of such a separation characteristics is shown in
Fig. 1.
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Figure 1 - The separation characteristics on gold (1) and on rock (2) when hydrocyclone operating in open loop:
Yen — access to the drain; d — particle fineness; dpA“ — fineness separation on gold; d,"" — fineness separation on rock
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Figure 1 - The separation characteristics on gold (1) and on rock (2) when hydrocyclone operating
in the circulating concentration mode:
Yer — access to the drain; d — particle fineness; dpuA" — fineness separation on gold; d,,, " — fineness separation on rock




Hoxknaovl Hayuonanwvroii akademuu nayk Pecnybauku Kazaxcman

On the resulting of separation characteristics shaded areas show the interchocking of drain and sand.
To avoid loss of particles in a given size to the drain of hydrocyclone its operation mode should be such
that the fineness separation on gold is equal dpuA”. Then separation characteristics is close to the ideal,
which is shown in Fig. 2.

To ensure minimum losses in the drain of gold with fineness more d,,'" it is necessary to select
hydrocyclone and set its mode of operation in which d,™ = 0,5d,™".

We have studied circular-grinding concentration using a roll grinder IV-100, designed in accordance
with [4]. Installing the circulation module consists of a hydrocyclone, cummulative sump, pump. In the
installation it is used the hydrocyclone with diameter of 100 mm and a cone angle of 32 °. The diameter of
the loading tube of hydrocyclone is 19 mm, sand tube - 5 mm. The capacity of the cummulative sump is
15 liters. For power supply it is used the centrifugal pump BC-0.4-20-U11 "Agidel", capacity of up to 3
m’/h through the water [5].

Circulating-grinding concentration was subjected to gold-material enrichment product with a mass
fraction of 0.16% gold, 82% of size class plus 0.1 mm.

Source material in amounts of 10 Kg was subjected to the circulation-grinding concentration with
hydrocyclone drain selection of samples for every two minutes. These discrete drainage samples and
ending sands were subjected to fire assay. Results of studies after mathematical treatment are shown in
Table. 1 and Fig. 3.

Table 1 - Results of the circulation-grinding concentration of gold-bearing product

. . Enrichment indicators
Duration of concentration,
: Name of product - -
min. Output. % Mass fraction of Gold extraction,
put, gold, % %

2 Sands of hydrocyclone 1 70,90 0,22 99,70
4 Sands of hydrocyclone 2 40,70 0,39 99,40
6 Sands of hydrocyclone 3 15,10 1,05 99,15
8 Sands of hydrocyclone 4 9,40 1,68 98,91
10 Sands of hydrocyclone 5 5,10 3,1 98,69
12 Sands of hydrocyclone 6 2,46 6,4 98,49
14 Sands of hydrocyclone 7 0,99 15,8 98,30
16 Sands of hydrocyclone 8 0,61 25,74 98,12
18 Sands of hydrocyclone 9 0,33 47,49 97,94
20 Sands of hydrocyclone 10 0,18 86,93 97,80

Source material 100,00 0,16 100,00

It was established that the circulation-grinding concentration, implementing the proposed technical
solutions, can effectively enrich the rich gold-bearing products to give placer gold product with a mass
fraction of gold more than 86% when the gold extraction in it of 97.88%.

In general, the circulation-grinding concentration is an effective method of gold concentration in the
circulating product of grinding cycle and can be recommended in the final stages of finishing gold-bearing
products in the preparation of commercial products for the refining of gold.

— 5) ——
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M.K. Bitim0aes, 10.I1. Mopo3os, U.X.Xamuayaun

KABBIK YCAKTAY HUKJIJA AJITBIHHBIH ’KUHAJIYBIHBIH 3AHAbLIBIFbIH 3EPTTEY

AHHOTaUMsI. AIITBIH KEHAEPAl OHICYIIH epeKine albIpMAalIbIIbIFl ANTHIHHBIH YCaKTayla aifHaIaThIH UK
Ke3iH/e OHIMJE >KUHANBII Kalybl. Baniblk ycakray Ke3iHIe IKOHE J>KYMBIC PEXHMIH >KETULIIpreH Keszie
THIPOIMKIOHHBIH JKYMBICHI THIM/II TYPAE aIThIH KCH/II OHIMII KaiTa eHJIell, alIThIH KeH Il IUIMXTapabl adGuHaKFa
oTe KOFAPFBI YCAKTAYy 14 alIThIH/IbI JKHHANTHIH/IBIFEl KOPCETIITCH.

Tyiiin ce3mep: MUPKYIIMAIBI-YCAKTaY KOHIICHTPAIMSACH, MEXaHH3M, YCaKTay >KOHE JacH()HKAIHsIIay
KYPBUIFBITAPBL.

M.K. Butuméaes', FO.I1. M0p03032, n.X. XaMm[meﬂ2

' Skenepr TOO «Koproparmst Kasaxmsic», wien cosera aupekropoB AO « MK Kazaxaarsim»;
2 ®I'BOY BO «Ypanbckuii TOCyapCTBEHHBIA TOPHBIA YHUBEPCHUTETY, T. ExaTepunbypr, Poccns

HNCCJIIEJOBAHMUE 3AKOHOMEPHOCTH HAKOIIVIEHUS 30JI0TA
B 3BAMKHYTbIX HUKJIAX U3MEJIBYEHUA

AunHoTamusi. OCOOEHHOCTBIO IMEepepabOTKU  30J0TOCOACPKAIINX PYA SBIACTCS HAKOIUICHHE 30JI0Ta B
[UPKYJIUPYIONMX TPOAYKTAX MHUKIOB HM3MebdeHus. [10Ka3aHo, YTO WCIOIB30BAHHE HM3MEIBUCHHUS B BAIKOBOM
M3MENBYNTENE U UCIIOIh30BAHIE YCOBEPIIEHCTBOBAHHOTO PEXXUMa PabOThI THAPOIMKIOHA MO3BOISIET 3P PEKTHBHO
nepepabaTbiBaTh OOTaThie 30JI0TOCOACPIKAINME TPOMAYKTHI C IMOJTYYCHHEM 30JI0TOCOACPIKAINNX IUTMXOB YIS
ad¢uHaKa IPU BHICOKOM HM3BJICYCHUH B HUX 30JI0TA.

KnroueBble ¢JI0Ba: UPKYISIHOHHO-U3MEBUNTEIFHAS KOHIICHTPAIHS, MEXaHU3M, aIllapaThl H3MEIbUCHHUS U
KITaCCU(HKAIINH, TIOKA3aTeIN KOHIIEHTPAIINH 30JI0Ta.

Caegenus 00 aBTopax:

bitim6aes M.XK. — «Kopmoparus Kazaxmsic» JKIIC sxenepti, «I'MK «Kazaxanteia»y AK JIupekropiap keHeciHiH My1eci;

Mopozos I0.II. — ®I'BOY BO «Opan memiekertik Tay-keH yHuepcuteri» (ExatepunOypr k-cbl, Peceit), GaiibiTy
KaeapackHBIH TPO(ECCopHI;

Xamunymmua U.X. — ®I'BOY BO «Opanx MEMIEKETTiK Tay-KeH YHUBEPCUTETI», HHKCHED.
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