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ABSTRACT  
 

This study presents the results of an investigation into the effect of reverse carbon flotation on gold recovery from secondary technogenic raw materials—aged sorption 

tailings with a high carbon content and refractory forms of gold. Direct cyanidation of the initial material showed low efficiency (up to 13% gold recovery) due to the 

pronounced preg-robbing effect. Comparative flotation tests demonstrated that the highest gold losses occurred during conventional xanthate-based sulfide flotation. 

Additional grinding of the material increased gold extraction during cyanidation but was accompanied by higher losses during flotation. The application of reverse 

carbon flotation with kerosene and a frother effectively removed the carbonaceous fraction and reduced gold adsorption in solution. Further oxidation with 

trichloroisocyanuric acid increased gold recovery to 78.25%. Biological oxidation using Acidithiobacillus ferrooxidans also increased the gold recovery from both the 

initial material and the products of reverse flotation. 
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INTRODUCTION 
 

A promising direction for Kazakhstan's gold mining industry is the use of 

industrial waste and secondary man-made raw materials in processing, which 

addresses economic and environmental problems [1] and expands the raw 

material base [2,3]. Therefore, research into the processing of man-made 

secondary raw materials is a pressing issue. When processing gold-bearing raw 

materials, cyanide leaching remains the basic, technologically feasible method 

for industrial processing, and despite the potential of alternative reagents, cyanide 

provides the highest gold recovery under comparable conditions [4,5]. 

Environmental requirements for plants using cyanide leaching schemes are more 

easily met, especially if the process is carried out by agitation at low cyanide 

concentrations, when the spent cyanide solutions can be decomposed using 

chemical oxidants such as SO₂/air, ozone, hydrogen peroxide, active chlorine, as 

a result of which the cyanide is transformed into cyanates, carbonates, nitrogen-

containing compounds and carbon dioxide, which are less toxic. [6-9]. To 

determine the processing technology, it is necessary to study the raw material's 

mineral composition. Free-milling ores, typically quartz, containing free gold, are 

favored for beneficiation by gravity and flotation methods, as well as direct 

cyanidation NaCN 0.05 – 0.06 g/L.  Refractory gold ores that are difficult to 

process by direct cyanidation usually contain one or more factors that hinder gold 

recovery: carbonaceous substances that cause competitive sorption (preg-robbing 

effect), finely disseminated gold contained in sulfides or silicates, as well as 

minerals that actively react with cyanide, such as copper and sulfides [10,11]. To 

process such raw materials, complex technological schemes are used, including 

the use of concentrated cyanide solutions and preliminary opening of the carbon 

and sulfide matrix by oxidative roasting, oxidation under pressure, or chemical or 

biological oxidation [10-12,13]. To reduce the preg-robbing effect, a number of 

approaches have been developed: passivation of carbon components using 

surfactants, kerosene, oils or biopolymers; use of increased cyanide 

concentrations (1.0–2.0 g/L NaCN), which promotes selective passivation of 

coal; removal of carbon components by carbon flotation; use of more active 

sorbents in CIP/RIP schemes; use of preliminary chlorination and 

biotechnological treatment methods, in particular using chemolithotrophic 

bacteria such as Thiobacillus ferrooxidans, Thiobacillus thiooxidans and 

Leptospirillum ferrooxidans [11–14]. The authors' research has shown that the 

combined process of flotation, roasting and subsequent cyanidation ensures high 

rates of gold extraction from carbonaceous ores [15]. Ores and concentrates 

containing significant amounts of arsenic in the form of arsenopyrite are difficult 

to process; their processing process involves gravity, flotation of gravity tailings 

to produce tailings, roasting of concentrates to form white arsenic and cinder, and 

subsequent cyanidation or smelting. In some cases, roasting is replaced by 

biological or autoclave oxidation followed by cyanidation using the CIL or RIL 

schemes [11,14,16]. Studies [17] confirm the effectiveness of combining 

preliminary operations, reverse carbon flotation, and subsequent biooxidation for 

complex ores with high arsenopyrite and carbonaceous contents; this approach 

increased gold recovery during cyanidation compared to direct leaching. In this 

study, additional oxidation stages were tested: biochemical oxidation and 

oxidation with trichloroisocyanuric acid, in which oxidation was due to chlorine. 

Chlorine is one of the effective oxidizing agents; chlorination leaching is 

considered an alternative method for opening up refractory gold-bearing 

minerals, in particular pyrite and arsenopyrite; it shows the potential for using 

Cl₂, NaClO and other oxidizing agents in systems with chloride ions and shows 

promise for reducing losses in the processing of carbonaceous ores [11-12]. A 

systems approach, including mineralogical research, combined methods of 

enrichment and oxidation preparation, allows for increasing the complexity of the 

use of the mineral resource base. 
 

MATERIAL AND METHODS 
 

Subtitle of material and methods 

The raw material used in the experiments was obtained from a man-made 

deposit, a waste heap of sorption tailings from the cyanide tank leaching process 

"carbon in pulp" (CIP) at Altyntau, Kokshetau, Kazakhstan. Sample preparation 

for physical and chemical analysis included pre-pulverization, quarting, and 

averaging, according to requirements. The carbon content in the sample was 

14%. Presumably, all the carbon was represented by carbon sorbent particles. 

Studies of the ore material composition included: X-ray fluorescence multi-

element analysis, X-ray phase qualitative and quantitative analysis for the content 

of major components, chemical analysis for aurum content. Fire assay and atomic 

absorption analysis showed thfor aurumtent in the samples to be 4.1 g/t.The 

chemical composition of stale sorption tails (SST) was made using the Shimadzu 

7000 atomic absorption spectrometer (Japan). The crystalline components of 

LCCs were identified using a diffractometer D8 ADVANCE "Bruker Elemental 

GmbH"(Germany) using the DIFFRAC plus SEARCH Phase Search Program 

and the PDF2 database. Electron microscopic analysis was performed with a 

“JEOLJXA-8230” microprobe analyzer made by JEOL (Japan). The amount of 

carbon in the sample was determined as the total carbon content (TC) on a Bruker 

Elemental GmbH TH 4G carbon and sulfur analyzer (Germany). Granulometric 

studies of raw materials, rational analysis for gold and mineralogical analysis 

were carried out. 

Leaching was performed with a cyanide solution containing 0.3 g/L of NaCN. 

Trichloroisocyanuric acid (TCCA), an organic compound with the formula 

C3Cl3N3O3, was used for additional oxidation. Acidithiobacillus ferrooxidans, a 
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bacterial culture adapted to raw materials with high arsenic content, was used as a 

bioagent. 

 

RESULTS AND DISCUSSION 
 

Subtitle of results and discussion 
 

Table 1 presents the particle-size analysis data for the sample of stale sorption 

tailings (SST). The phase distribution showed that gold grade minus 0.071 mm 

was the predominant gold grade, accounting for 78%. 

 

Table 1 Granulometric composition of sorption tailings with distribution of gold 

by size classes 

Size class, mm Yield of class, % Gold grade, g/t 

+0.5 0.63 – 

–0.5 + 0.315 0.24 – 

–0.315 + 0.2 1.83 – 

–0.2 + 0.1 7.10 2.55 

–0.1 + 0.071 12.10 4.50 

–0.071 78.10 4.10 

Total (balance) 100.00 4.10 

 

Analysis data indicates a finely dispersed form of gold and its close association 

with a mineral matrix of sulfides, primarily arsenopyrite, which suggests grinding 

the material to 90% of the -0.071 mm class to liberate minerals and select the 

optimal grinding degree for subsequent flotation and leaching, which is 

consistent with the findings of Marsden & House (2006) indicating the need for 

fine grinding of arsenopyrite ores for discovery [18]. 

 X-ray fluorescence analysis data in Table 2 showed that the SST samples had a 

high oxygen content of 41.041% and silicon content of 19.690%, suggesting the 

presence of quartz. Iron (11.726%) and arsenic (13.534%) were also present in 

the samples. Sulfur, present at 4.220%, may be present in sulfide compounds. 

 

Table 2 Chemical (elemental) composition of sorption tailings 

Element Content, % Element Content, % 

O 41.041 Mn 0.011 

Na 0.875 Fe 11.726 

Al 4.983 Co 0.041 

Si 19.690 Cu 0.107 

P 0.044 Ga 0.006 

S 4.220 As 13.534 

Cl 0.045 Rb 0.011 

K 1.013 Sr 0.007 

Ca 2.222 Zr 0.016 

Ti 0.252 Bi 0.036 

 

 According to the results of X-ray fluorescence analysis, the sorption tailings are 

characterized by high contents of oxygen, silicon, iron, and arsenic, indicating the 

predominance of silicate and sulfide phases. The semi-quantitative X-ray 

diffraction analysis confirmed the presence of silicate and sulfide minerals in the 

crystalline part of the tailings, including quartz (51.8 %), arsenopyrite (21.1 %), 

microcline (8.4 %), srebrodolskite (7.7 %), and albite (4.5 %). The results are 

presented in Table 3. 

 

 

Table 3 Phase composition of the crystalline part of the sorption tailings sample 

Name of mineral Chemical formula Content, %  

(S–Q) 

Quartz SiO₂ 51.8 

Arsenopyrite FeAsS 21.1 

Microcline KAlSi₃O₈ 8.4 

Srebrodolskite (containing Al³⁺) Ca₂((Fe₁.₆₃₅Al₀.₃₆₅)O₅) 7.7 

Albite (Ca₀.₃₈Na₀.₆₂)(Al₁.₃₈Si₂.₆₂O₈) 4.5 

Gypsum CaSO₄·2H₂O 3.3 

Kaolinite Al₂O₃·2SiO₂·2H₂O 2.0 

Hematite / iron(III)–tin(IV) oxide (Fe₀.₉₅Sn₀.₀₅)₂O₃ 1.1 

In Fig. 1 and Fig. 2, according to mineralogical analysis data, pyrites and 

arsenopyrites are visible in the ore mineral sample; these minerals form 

recognizable phases with distinct boundaries. Pyrite (FeS₂) is a yellow isotropic 

mineral, observed as individual anhedral and subhedral grains with sinuous 

boundaries. The grain size reaches 94.6 μm. Arsenopyrite is a white mineral, 

occurring as free anhedral grains up to 93.5 μm in size. 

 

  
 

                (Pyrite magnification 200 Pyrite (1) and arsenopyrites (2)  

Fig. 1 Mineralogical microscopy                   Fig. 2 Mineralogical microscopy 

   images of aged sorption tailing                     images of aged sorption tailing   

 

 

Figure 3 shows SEM-EDS images at various magnifications of a cluster of gold 

particles closely associated with sulfide minerals (pyrite, arsenopyrite) and 

quartz. The particles contain significant amounts of C, S, As, Fe, and S. 

 

 

 
 

Fig. 3 SEM-EDS images of gold-bearing mineral particles at different 

magnifications 

 

 

According to the results of rational phase analysis, gold in the sorption tailings 

samples is mainly associated with the crystal lattice of sulfide minerals (80.5 %), 

to a lesser extent with quartz (11.95 %), and occurs as finely dispersed native 

gold (7.47 %). The results are presented in Table 4. 

 

Table 4 Results of rational phase analysis of sorption tailings 

Structural form of gold Content, 

g/t 

Distribution, 

% 

Finely dispersed native gold 0.30 7.47 

Gold associated with the crystal lattice of 

sulfide minerals 

3.30 80.50 

Gold enclosed in quartz 0.49 11.95 

Total gold content 4.10 100.00 

 

Thus, SST contains a significant amount of carbon (14%), causing the sorption 

absorption of gold (preg-robbing). The gold is predominantly finely dispersed, 

primarily bound to the sulfide crystal lattice (80.5%). This raw material can be 

classified as a binary refractory ore, so conventional hydrometallurgical 

technology must be modified or supplemented with oxidation stages. According 

to a review by La Brooy et al. (1994), the low efficiency of cyanidation of 

refractory carbonaceous and sulfide ores is due to gold encapsulation in the 

sulfide lattice and gold sorption by carbonaceous phases [19]. 
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For studies of hydrometallurgical processing methods, the original SST samples 

were regrinded to a 60% particle size class of –0.071 mm. Comparative tests of 

enrichment and leaching of SST showed the low efficiency of classical methods: 

under gravity in a laboratory centrifugal concentrator Knelson, a concentrate with 

a gold content of 4.25 g / t and a recovery of 43.39% was obtained, which can be 

explained by the uniform distribution of the carbon component in the phases of 

the material Sulfide flotation using xanthate proved even less effective, with only 

13.87% of gold recovered into concentrate. The results are shown in Table 5. 

The data are consistent with studies [20-23]. 

 

Table 5 Results of beneficiation tests of stale sorption tailings (sample ground to 

60 % of –0.071 mm fraction) 

Product name Yield, % Au grade, g/t Au recovery, % 

Flotation 

Concentrate 11.62 4.90 13.87 

Tailings 88.38 4.00 86.13 

Total 100.00 4.10 100.00 

Gravity concentration 

Concentrate 41.91 4.25 43.39 

Tailings 58.09 4.00 56.61 

Total 100.00 4.10 100.00 

 

Table 6 shows the data from agitation leaching studies of the feedstock. Direct 

cyanidation leaching tests of SST confirmed low recovery, with only 18.3% of 

gold entering the productive solution. The use of additional oxidation increased 

gold dissolution.  

 

Table 6 Results of agitation leaching of stale sorption tailings (sample ground to 

60 % of –0.071 mm fraction) 

Conditio

ns 

Initia

l Au, 

g/t 

Residu

e 

(cake) 

Au, g/t 

Solutio

n Au, 

mg/L 

Volum

e, L 

Au 

extractio

n, % (by 

residue) 

Au 

extractio

n, % (by 

solution) 

Tailing – 

CN 0.3 % 

4.10 3.35 0.25 28 18.3 17.1 

Tailing – 

oxidation 

by TCCA, 

CN 0.3 % 

4.10 2.10 0.72 27 48.8 47.4 

Tailing – 

bio-

oxidation, 

CN 0.3 % 

4.10 1.45 1.05 25 64.6 64.0 

 

Fig. 4 illustrates the difference in gold recovery efficiency between direct 

cyanide leaching and oxidation. Gold recovery in cyanide leaching (0.3% NaCN, 

pH 10.5, 24 h, 25°C) was compared without pre-oxidation, after TCCA 

treatment, and after bio-oxidation. Maximum recovery (64%) was achieved after 

bio-oxidation with Acidithiobacillus ferrooxidan. 

 

 
Fig. 4 Gold recovery from aged original sorption tailings under different leaching 

conditions 

 

A. ferrooxidans catalyze the oxidation of Fe²⁺ to Fe³⁺ and elemental sulfur (S⁰) to 

sulfates (SO₄²⁻). These reactions are accompanied by the formation of sulfuric 

acid and a decrease in pH, creating an aggressive environment that dissolves the 

sulfide shells of minerals and increases the availability of gold for subsequent 

cyanide leaching. This microorganism has a high adaptive resistance to arsenic 

compounds and a pronounced ability to bio-oxidize arsenopyrite, while 

maintaining resistance to As and efficiency in acidic conditions. The mechanism 

of resistance of A. ferrooxidans is associated with the synergistic action of As-

resistant enzymes and Fe ions formed during iron oxidation [24-27]. Taking into 

account the mineralogical composition and physicochemical characteristics of the 

sorption tailings, as well as the results of standard enrichment methods, reverse 

carbon flotation was chosen as the optimal solution to maximise carbon removal 

and reduce the preg-robbing effect. During reverse flotation, the carbonaceous 

matter is transferred to the concentrate, while most of the gold remains in the 

tailings. The scheme, including the reverse coal flotation stage, demonstrated 

high efficiency in separating the carbon component from the ore matrix, 

consistent with the results of a study [28], in which a similar approach using 

oxidation factors and reverse coal flotation was applied to the processing of 

uranium-bearing black shale. The process is based on optimal separation of 

carbon and ore using kerosene, a traditional hydrocarbon collector (No. 2 fuel 

oil), widely used in coal flotation. Additionally, Butyl alcohol distillation residue 

(BADR) was used as a frothing agent, ensuring stable separation parameters and 

enabling efficient control of the flotation process [29]. The pH was maintained 

between 7.5 and 9.0, which is considered optimal for this process. At lower pH 

values, selectivity decreases due to the activation of sulfide minerals, and at pH 

values above 9, sulfide depression increases, which reduces gold extraction from 

sulfide phases. Maintaining pH ≈ 8.0 ensures stable foam and selective carbon 

removal [30-32]. Flotation was carried out at a pulp aeration degree of 800 l/m³, a 

pulp density of 2.8 g/cm³, at a solids content of 30%: S:L ratio = 1:2.33. The 

flotation duration was 10–12 minutes. The froth product was collected manually 

and filtered. Kerosene at 80 g/t was used as a reagent, and BARD at 50 g/l was 

still used as a frother. The influence of the degree of material grinding on the 

efficiency of coal concentrate separation in the coal flotation process was studied 

using parallel groups of SST samples, ground to a size of up to minus 0.071 mm 

(60, 75, 9.0). Three parallel groups of tests were conducted with grinding-size 

options up to minus 0.071 mm at 60%, 75%, and 90%. The results of the reverse 

flotation enrichment of the sample of stale tailings are presented in Table 7. As 

shown in the table, at a grinding fineness of 60 % −0.071 mm, the carbon 

concentrate is formed with a mass yield of 12.08 % and contains 84.5 % C, 

corresponding to a carbon recovery of 72.29 %. Under these conditions, only 

3.39% of gold is recovered in the carbon concentrate, with an average gold grade 

of 1.15 g/t. The flotation tailings are effectively purified from carbon: its content 

decreases from 14.12 % to 4.45 %, while 96.61 % of the total gold remains in the 

tailings, with an average grade of 4.5 g/t. 

When the degree of grinding increases to 90 % −0.071 mm, the total carbon 

recovery rises to 92.55 %, which is approximately 20 % higher than for coarse 

grinding. The mass yield of the concentrate increases more than threefold, to 

39.54 %; however, its quality decreases, with the carbon content dropping to 

about 33 %. At the same time, a significant transfer of gold into the carbon 

concentrate is observed — up to 31.37 %, with a gold grade of 3.25 g/t. 

 

Table 7 Results of reverse flotation of carbonaceous stale sorption tailings at 

different grinding fineness levels. 

Grinding 

fineness 

Product Yield, 

% 

C, % Au, 

g/t 

Recovery, 

% C 

Recovery, 

% Au 

  Tails 

60 % 

0.071  

Concentrate 12.08 84.50 1.15 72.29 3.39 

 Tailings 87.92 4.45 4.50 27.71 96.61 

 Total 100.00 14.12 4.10 100.00 100.00 

Tails 75 

% 0.071 

Concentrate 31.57 37.90 2.54 84.73 19.56 

 Tailings 68.43 3.15 4.82 15.27 80.44 

 Total 100.00 14.12 4.10 100.00 100.00 

Tails 90 

% 0.071 

Concentrate 39.54 33.05 3.25 92.55 31.37 

 Tailings 60.46 1.74 4.65 7.45 68.63 

 Total 100.00 14.12 4.10 100.00 100.00 
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With increasing grinding fineness, gold losses associated with the carbon phase 

also increase. These results agree with the literature: fine grinding (d₈₀ < 60 μm) 

leads to dispersion of carbonaceous matter, while the optimal size range for 

selective carbon removal during flotation is 60–80 μm. Coarser particles remain 

insufficiently liberated, whereas ultrafine grinding promotes transfer of carbon 

into pulp as fine dispersions [13]. 

Fig. 5 shows the distribution of gold losses at the beneficiation stages. The 

greatest losses of valuable metal were observed during sulfide flotation with 

xanthate as the collector. 

 

 
Fig. 5 Comparative analysis of gold losses at the stages of gravity concentration, 

sulfide flotation, and reverse carbon flotation 

 

As a separate experiment, flotation of SST was conducted using only kerosene as 

the collector. Its hydrophobic effect was expected to separate the carbonaceous 

phase effectively. However, the results showed that kerosene's hydrophobicity 

was insufficient to ensure stable attachment of carbonaceous particles to air 

bubbles. As a result, the recovery of both the carbon phase and gold was 

extremely low. The addition of the BADR frother demonstrated a pronounced 

synergistic effect, ensuring improved particle dispersibility and flotation 

aggregate stability (Table 8). 

 

Table 8 Comparison of flotation on kerosene and a mixture of kerosene and 

foaming agent BARD 

Flotation 

conditions 

Carbon phase 

recovery, % 

Gold recovery, 

% 

Note 

Kerosene 20–30 <15 Poor dispersion, 

weak adsorption 

Kerosene + 

BARD 

60–70 50–55 Synergistic effect, 

stable aggregates 

 

Thus, flotation with kerosene alone does not achieve satisfactory performance, 

confirming the need for additional reagents. The use of frother, such as MIBC, 

increases the yield of carbon-containing concentrate from ~48% (kerosene alone) 

to ~68%, which is consistent with research results [33]. After flotation, the 

tailings were washed with water and treated with 0.5 g/L sulfuric acid to remove 

residual kerosene, which can interfere with gold leaching. 

The results of reverse carbon flotation tailings leaching tests for variants with 

different grinding ratios are presented in Table 8. 

Test batches of 100 g were processed in agitation mode for 24 hours at a solid-to-

liquid (S:L) ratio of 1:3. The NaCN concentration in the leaching solution was 

0.3%. During cyanidation, pH was maintained at 10.5. Three leaching options 

were studied: 1.) Direct cyanidation with a NaCN solution – 3 g/dm³ (0.3%) at 

pH = 10.5. 

Comparative test of the efficiency of gold transfer to productive solution. 

2.) Cyanidation with preliminary chemical oxidation: treatment with a solution 

TCCA at a concentration of 5 g/l with the addition of H₂SO₄ – 10 g/l at 20 °C for 

8 hours, after which the pH was adjusted to 10.5 and cyanidation was carried out. 

3.) Cyanidation with preliminary biochemical oxidation: bacterial treatment of 

the pulp for 7 days with a culture of Acidithiobacillus ferrooxidans, at a 

temperature of 20–28 °C. After oxidation was completed, the pH was adjusted to 

10.5 and cyanidation was carried out. The greatest effect was observed with 

chemical oxidation of TCCA during grinding (90% – 0.071 mm), yielding up to 

91.67% extraction into solution. Biochemical oxidation by A. ferrooxidans 

consistently achieves high recovery, but for reverse flotation tailings (RFT), its 

absolute effect is nearly the same as that of the chemical method. Carbon removal 

prior to cyanidation increases gold recovery by 3–3.5 times compared to direct 

cyanidation of the original, SST. Table 9 shows the gold recovery data in 

comparison. 

 

Table 9 Results of leaching experiments of reverse flotation tailings 
Particle 

size, % 

–0.071 

mm 

Method Initial 

Au, 

g/t 

Residue 

Au, g/t 

Solution 

Au, 

mg/L 

Au 

recovery, 

% by 

residue 

Au 

recovery, 

% by 

solution 

Overall, 

% 

60 CN 

0.3 % 

4.50 1.62 1.00 64.00 63.33 61.19 

 TCCA 

+ CN 

0.3 % 

4.50 0.84 1.35 81.33 81.00 78.25 

 Bio + 

CN 

0.3 % 

4.50 0.92 1.30 79.56 79.44 76.75 

75 CN 

0.3 % 

4.82 1.35 1.18 71.99 71.00 57.11 

 TCCA 

+ CN 

0.3 % 

4.82 0.80 1.47 83.40 85.39 68.69 

 Bio + 

CN 

0.3 % 

4.82 0.82 1.44 82.99 83.65 67.29 

90 CN 

0.3 % 

4.65 0.63 1.42 86.45 87.03 59.73 

 TCCA 

+ CN 

0.3 % 

4.65 0.40 1.55 91.40 91.67 62.91 

 Bio + 

CN 

0.3 % 

4.65 0.62 1.50 86.67 87.10 59.77 

 

Taking into account gold losses during the flotation stage, the overall metal 

recovery for the RFT sample ground to 90% −0.071 mm was lower, amounting to 

62.91%. For the RFT sample with a 60% −0.071 mm fineness, the total gold 

recovery after TCCA treatment reached 78.25%. Compared with the leaching of 

the original TSS, direct cyanidation of RFT yielded significantly higher gold 

recovery: from approximately 18% to 57–61%, depending on the degree of 

grinding. Additional oxidation TCCA or bio-oxidation also had a positive effect: 

for RFT, recovery reached 68–78%, whereas for the original SST, the values 

were 48% (TCCA) and 64% (bio-oxidation). The leaching stage remains the 

limiting step and can be intensified by improving mineral liberation, particularly 

of arsenopyrite [34]. Leaching of reverse flotation tailings was highly efficient 

across most experimental variants. The highest gold recovery — 91.67% into 

solution — was achieved during cyanide leaching of reverse flotation tailings 

pretreated with TCCA at a grinding fineness of 60% −0.071 mm. Overall, the 

proposed processing approach is recommended for treating carbonaceous 

refractory ores and technogenic gold-bearing materials. 

 
 

CONCLUSION 
 

Aged sorption tailings represent complex carbonaceous technogenic material that 

requires optimized processing conditions. The application of reverse carbon 

flotation using kerosene and butyl alcohol distillation residues enabled the 

selective removal of carbonaceous matter and reduced the preg-robbing effect 

during subsequent cyanide leaching. Additional oxidation with 

trichloroisocyanuric acid and bio-oxidation using Acidithiobacillus ferrooxidans 

increased gold recovery to 64–78%. The best results were obtained after 

trichloroisocyanuric acid pretreatment, providing an overall gold extraction of 

78.25% and up to 91.67% in individual tests. The produced carbon concentrate 

exhibited high carbon purity and can be reused in adsorption processes. The 

developed flowsheet demonstrates high efficiency and the potential to process 

carbonaceous refractory ores and technogenic tailings. 
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