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Introduction

In view of depletion of rich ore, the gold industry is 
forced to develop processing technologies for refractory 
gold ore, with fine dispersion of gold in sulfide minerals, 
which impedes direct cyanidation of concentrates later 
on. There are many various process flowsheets for 
the refractory gold ore processing, and their choice 
depends on many factors. The main influences are: the 
chemical composition of initial ore; the occurrence form 
and distribution pattern of gold in ore; the properties 
of associate minerals; the presence of impurities which 
complicate processing [1]. 

The present-day experience of refractory gold ore 
processing uses technologies of flotation and integrated 
gravity–flotation with cyanidation of gold-bearing 
concentrates [2–8]. 

The current process flowsheets of gold ore 
enrichment range widely, from simple few operations to 
complex multi-operational circuits of dressing and pyro- 
and hydrometallurgy processes [9–11]. 

This article reviews the process flowsheets available for enrichment of 
gold ore of the Aktobe deposit with a view to selecting the most efficient 
and balanced technology. 

The study has the following objectives: 
• to implement gravity–flotation separation of refractory gold ore; 
• to compare results of flotation and gravity–flotation process 

flowsheets; 
• to analyze test data of cyanidation of the initial ore and gold-bearing 

flotation concentration. 

Subjects of research 

The subjects of research are the Aktobe gold ore, the processing 
technologies and the produced concentrates. The preliminary works included 
the analysis of the mineral composition of ore and its dressability by gravity, 
and the development of a flotation flowsheet for the initial ore. The results 
[12–14] show that: 

—the ore minerals are pyrite to 6%, limonite to 0.5%, galena of 0.15–
0.2% and sphalerite of 0.17–0.2%;

—the main enclosing minerals are quartz, potassic feldspar, calcite and 
mica; 

—the toxic impurities of arsenic and antimony are almost absent, and 
the copper content is minimal; 

—the ore represents impregnated nests of galena–sphalerite–pyrite 
aggregates according to microscopic investigations of the test samples. The 
main ore mineral is pyrite; it is observed in the form of anhedral aggregations 
and impregnations, individual isomorphic grains 0.02 to 1.5 mm in size, in 
concretion with sphalerite and galena, building up mostly along fissures. The 

Aktobe gold mostly has a coarseness less than 0.1 mm. Native gold occurs 
in blebs in the breccia heavily leached rock represented by limonite and iron 
hydroxides. The elongated grains 0.035×0.01 mm in size are yellow color 
with high reflection response; 

—free gold and gold in aggregates (suitable for cyanidation) totals 
46.47%; the rest gold occurs in sulfides (37.61%) and is finely disseminated 
in barren rock (15.92%), which is revealed by the phase analysis; 

—the gold content of ore is 1.57 g/t.

Experimental procedure 

For finding measures of ore processing by gravity–flotation, the closed-
loop flotation tests were carried out at natural pH of pulp using gravity 
separation tailings, with return of recycles (8 closed-loop cycles) in a mode 
developed at the preliminary stage of research for the initial ore: grinding 
coarseness was 80% of –0.071 mm; consumption of potassium butyl 
xanthate was 100 g/t in rougher flotation and 50 g/t in cleaner flotation; 
consumption of frother C-7 was 20 g/t in rougher flotation and 10 g/t in 
cleaner flotation; duration of treatment in a mechanical-air machine was 
6 min for rougher flotation and 8 min for cleaner flotation; two flowsheets 
of cleaner flotation were tested in a mechanical flotation machine—with one 
cleaner operation and with two cleaner operations, and the time of the first 
and second cleaner operations was 4 min and 3 min, respectively. 

The hydrometallurgical research involved the method of cyanide 
leaching in bottle-type agitators. Cyanidation of the initial ore and flotation 
concentrate was carried out as direct leaching (without a sorbent) and with 
adsorption from leach solution (with activated carbon Gold Curb 207 C).

Cyanidation of the initial ore and concentrate proceeded as follows: 
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—samples of the initial ore 200 g in weight and 
with 80% size of –0.071 mm were placed in bottles 
with a volume of 1 l; 

—each bottle was added with reagents: CaO—
lime to create protective alkali, 1. 5 kg/t; ВаО2—
barium bioxide (oxidizer) to maintain concentration of 
oxygen in cyanidation, 2 g; activated carbon Gold Curb 
207 C—sorbent, depending on the testing conditions, 
1.5 g;

—the bottles with reagents were filled with the 
prepared solution of cyanide NaСN at concentration 
of 0.1% for the initial ore cyanidation and at 
concentration of 0.3% for the flotation concentrate 
cyanidation; 

—the bottles were placed in the agitator for 
leaching for 18 h;

—every 3 h the aliquot was sampled from the 
bottles and used to determine the concentrations of 
cyanide and free alkali, and, if necessary, the leaching 
solutions were strengthened with concentrated 
cyanide; 

—at the end of each test, the final concentration 
of cyanide was determined together with its 
consumption per ton of ore; 

—the cyanidation tailings were neutralized with 
potassium permanganat, washed, thickened, dried and assayed to determine 
the content of gold. 

Results and discussion 

The tests of the initial ore flotation defined the expediency of production of 
a gold concentrate through flotation with one cleaner operation. The flotation 
of ore with the gold content of 1.57 g/t produced: the concentrate yield of 
6.13%; the gold content of 23.01 g/t at the recovery of 89.84%.

Tables 1 and 2 give the results of flotation tests of gravity separation 
tailings. 

Figure 1 compares the results obtained in the closed-loop tests of 
flotation and gravity–flotation concentration of the Aktobe refractory ore. 

The comparative analysis of the closed-loop processing results shows 
that both in flotation and in gravity–flotation tests, the production data are 
approximately on the same level. The highest data of recovery are obtained 
in the integrated milling–centrifugal concentration–flotation flowsheet with 
one cleaner operation. The gold recovery is 90.56%, which is 0.72% higher 
than the recovery in the flotation flowsheet (89.84%). 

It follows from the aforesaid that processing of gold ore from the Aktobe 
deposit can use both the simple flotation flowsheet and the integrated 
gravity–flotation flowsheet with centrifugal concentration in the gravity 
circuit. The economic component of the technology should also be taken 
into account. 

The chemical composition of the initial ore and flotation concentrate for 
cyanidation is described in Table 3.

Table 3. Chemical composition of initial ore and flotation concentrate 

Element 
Mass fraction 

Initial ore Flotation concentrate 

Gold, g/t 1.57 23.01

Silver, g/t 42.50 605.00

Quartz, % 64.50 25.26

Aluminum oxide, % 18.11 5.49

Iron, % 2.14 25.95

Sulfur (total), % 1.06 31.01

Copper, % 0.01 0.128

Lead, % 0.15 2.415

Zinc, % 0.17 3.876

Arsenic, % 0.05 0.608

Fig. 1. Yield, content and recovery of gold in concentrate versus processing flowsheet and number 
of cleaner operations in closed-loop test 

Table 1. Results of closed-loop experimental flotation of gravity separation 
tailings (milling–table concentration) 

Product Yield, % Au content, % Au recovery, %

Flotation with one cleaner operation 

Au flotoconcentrate 5.63 20.58 73.82

Gravity concentrate 1.20 21.45 16.39

Total gravity+flotation concentrate 6.83 20.74 90.21

Flotation tailings 93.17 0.165 9.79

Ore 100.00 1.57 100.00

Flotation with two cleaner operations 

Au flotoconcentrate 3.81 29.56 72.67

Gravity concentrate 1.20 21.45 16.61

Total gravity+flotation concentrate 5.01 27.62 89.28

Flotation tailings 94.99 0.175 10.72

Ore 100.00 1.55 100.00

Table 2. Results of closed-loop experimental flotation of gravity separation 
tailings (milling–centrifugal concentration) 

Product Yield, % Au content, % Au recovery, %

Flotation with one cleaner operation 

Au flotoconcentrate 5.54 17.70 62.06

Gravity concentrate 1.24 36.32 28.50

Total gravity+flotation concentrate 6.78 21.10 90.56

Flotation tailings 93.22 0.16 9.44

Ore 100.00 1.58 100.00
Flotation with two cleaner operations 

Au flotoconcentrate 3.75 25.28 60.78

Gravity concentrate 1.24 36.32 28.87

Total gravity+flotation concentrate 4.99 28.03 89.65

Flotation tailings 95.01 0.17 10.35

Ore 100.00 1.56 100.00
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The initial ore and the produced flotation concentrate feature a high 
content of silver at its ratio to gold within a range of 27–28. The flotation 
concentrate has the contents of arsenic and copper higher more than by an 
order of magnitude as compared with the initial ore. 

The cyanidation tests are illustrated in Fig. 2.
The analysis of Fig. 2 shows that after 18 h of agitation leaching of 

the initial ore at the concentration of NaCN 0.1%, the higher recovery of 
gold is achieved in adsorption from cyanide leach solution and is 62.42%.  
The consumption of NaCN in the initial ore cyanidation was 0.508 kg/t/.

In cyanidation of the flotation concentrate for 18 h at the concentration 
of NaCH 0.3%, the higher gold recovery reaches 48.53%, which is lower 
than the result achieved in case of the initial ore by 13.89%. The consumption 
of NaCN in cyanidation of the flotation concentrate was 3.391 kg/t. 

Thus, the cyanidation results are reflective of the low efficiency of the 
process. The study of cyanidation of flotation concentrates will be continued 
to attain higher gold recovery. To that end, it is planned to examine the 
method of the preparation of concentrates for cyanidation, such as 
pyrometallurgical treatment (roasting) and mechanical activation (ultrafine 
milling) [15, 16]. It is expected that eventually the integrated approach to 
ore processing will find the most efficient processing technology for the 
Aktobe ore. 

Conclusions

As a result of the implemented research into gravity–flotation 
processing of gold ore from the Aktobe deposit and from the comparative 
analysis of the used processing flowsheet, it is found that it is possible to use 
both the simple flotation flowsheet with the gold recovery of 89.84% and 
the integrated gravity–flotation flowsheet, with centrifugal concentrators in 
the gravity circuit, with the gold recovery of 90.56%. 

The study of cyanidation with agitation shows that the recovery of 
gold is relatively low, both in cyanidation of the initial ore (gold recovery of 
62.42%) and in cyanidation of the flotation concentrate (gold recovery of 
48.53%). Aimed to enhance cyanidation efficiency, it is recommended to 
prepare the concentrate for cyanidation using the pyrometallurgical method 
(roasting) and mechanical activation (ultrafine milling). 
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Fig. 2. Cyanidation results for initial ore and flotation concentrate 




