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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: 
γсл – access to the drain; d – particle fineness; dрAu – fineness separation on gold; dрпор – fineness separation on rock 

 

 
 

Figure 1 - The separation characteristics on gold (1) and on rock (2) when hydrocyclone operating  
in the circulating concentration mode: 

γсл – access to the drain; d – particle fineness; dрцAu – fineness separation on gold; dрцпор – fineness separation on rock 
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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 dрцAu. 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 dрцAu it is necessary to select 
hydrocyclone and set its mode of operation in which dрAu ≈ 0,5dрцAu. 

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 
m3/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 
 

Duration of concentration, 
min. Name of product 

Enrichment indicators 

Output, % Mass fraction of 
gold, % 

Gold extraction, 
% 

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. 
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Figure 3 - Dependence of output of sand fraction (1), mass fraction of gold (2)  

and extraction of gold (3) on the duration of concentration 
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ЖАБЫҚ ҰСАҚТАУ  ЦИКЛДА  АЛТЫННЫҢ ЖИНАЛУЫНЫҢ ЗАҢДЫЛЫҒЫН ЗЕРТТЕУ 
 
Аннотация. Алтын кендерді өңдеудің ерекше айырмашылығы алтынның ұсақтауда айналатын цикл 

кезінде өнімде жиналып қалуы. Валдық ұсақтау кезінде  жəне жұмыс режимін жетілдірген кезде 
гидроциклонның жұмысы тиімді түрде алтын кенді өнімді қайта өңдеп, алтын кенді шлихтарды  аффинажға 
өте жоғарғы ұсақтауда алтынды жинайтындығы  көрсетілген.  

Түйін сөздер: циркуляциялы-ұсақтау концентрациясы,  механизм, ұсақтау жəне  ласификациялау 
құрылғылары.  
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Аннотация. Особенностью переработки золотосодержащих руд является накопление золота в 

циркулирующих продуктах циклов измельчения. Показано, что использование измельчения в валковом 
измельчителе и использование усовершенствованного режима работы гидроциклона позволяет эффективно 
перерабатывать богатые золотосодержащие продукты с получением золотосодержащих шлихов для 
аффинажа при высоком извлечении в них золота. 
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