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Ââåäåíèå

Ïðÿìîå öèàíèðîâàíèå óïîðíîãî
çîëîòîñóëüôèäíîãî ñûðüÿ íå 

ïîçâîëÿåò ïîëó÷èòü âûñîêîå èçâëå÷å-
íèå äðàãîöåííûõ ìåòàëëîâ.

Ñðåäè óïîðíîãî çîëîòîñîäåðæàùå-
ãî ñûðüÿ îñîáîå ìåñòî çàíèìàþò çîëî-
òîïèðèòíûå è çîëîòîìûøüÿêîâèñòûå 
ðóäû è èõ êîíöåíòðàòû. Çàïàñû òàêèõ 
ðóä âåëèêè è íåïðåðûâíî ïîïîëíÿþò-
ñÿ íîâûìè ïåðñïåêòèâíûìè îáúåêòà-
ìè [1]. Äëÿ ïîâûøåíèÿ èçâëå÷åíèÿ çî-
ëîòà, íåîáõîäèìî ðàçðóøèòü ñóëüôè-
äû, êîòîðûå ñêðûâàþò äðàãîöåííûé 
ìåòàëë îò ðàñòâîðèòåëÿ. Äî íåäàâíåãî 
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Ïðåäñòàâëåíû ðåçóëüòàòû àâòîêëàâíîãî îêèñëåíèÿ óïîðíûõ çîëîòîñîäåðæàùèõ 
êîíöåíòðàòîâ ñ äîáàâëåíèåì â êà÷åñòâå ðàñòâîðèòåëÿ äðàãîöåííûõ ìåòàëëîâ ãà-
ëîãåíèä-èîí è ñîðáåíòà – àêòèâèðîâàííîãî óãëÿ. Ïîêàçàíî, ÷òî çîëîòî, ïðè äî-
áàâëåíèè â ïðîöåññ àâòîêëàâíîãî îêèñëåíèÿ ãàëîãåíèäà, â ðàñòâîð íå èçâëåêàåòñÿ. 
Ñåðåáðî ïåðåõîäèò â ðàñòâîð ÷àñòè÷íî. Ïðè äîáàâëåíèè â ïðîöåññ àâòîêëàâíîãî 
îêèñëåíèÿ ãàëîãåíñîäåðæàùèõ ðåàãåíòîâ è àêòèâèðîâàííîãî óãëÿ çîëîòî ðàñòâî-
ðÿåòñÿ è îñàæäàåòñÿ íà ñîðáåíò. Ïðîâåäåíû îïûòû ïðè ðàçëè÷íûõ êîíöåíòðàöèÿõ 
õëîðèäà íàòðèÿ. Óñòàíîâëåíî, ÷òî äîñòàòî÷íàÿ êîíöåíòðàöèÿ õëîðèäà íàòðèÿ äëÿ 
âûùåëà÷èâàíèÿ çîëîòà ñîñòàâëÿåò 5 ã/ë. Àíàëèç îïûòîâ ïðîâîäèìûõ ñ ðàçëè÷íîé 
çàãðóçêîé àêòèâèðîâàííîãî óãëÿ ïîêàçàë, ÷òî êîëè÷åñòâî óãëÿ äîëæíî áûòü íå ìåíåå 
6% îò ìàññû êîíöåíòðàòà. Ñòåïåíü îêèñëåíèÿ ñóëüôèäîâ â ñîñòàâèëà 67,7–99,8%. 
Ìàêñèìàëüíîå èçâëå÷åíèå çîëîòà ñîñòàâèëî 98,6%. Äàííûé ñïîñîá ïåðåðàáîòêè 
óïîðíûõ çîëîòîñîäåðæàùèõ êîíöåíòðàòîâ ñîâìåùàåò âî âðåìåíè è àïïàðàòóðå 
ïðîöåññû îêèñëåíèÿ ñóëüôèäîâ, ðàñòâîðåíèÿ è ñîðáöèè äðàãîöåííûõ ìåòàëëîâ.
Ðåçóëüòàòû ïî èçâëå÷åíèþ ìåòàëëîâ â äàííîì ñïîñîáå ñîïîñòàâèìû ñ ïîêàçàòåëÿ-
ìè èçâëå÷åíèÿ ìåòàëëîâ â ïðîöåññå àâòîêëàâíî-öèàíèñòîé òåõíîëîãèè. Â äàííîì 
ñïîñîáå íå èñïîëüçóåòñÿ öèàíèä íàòðèÿ, ÷òî ïîçâîëèò ñíèçèòü êàïèòàëüíûå è ýêñ-
ïëóàòàöèîííûå çàòðàòû, çà ñ÷åò îòñóòñòâèÿ ïåðåäåëîâ öèàíèðîâàíèÿ, ñîðáöèè è 
îáåçâðåæèâàíèÿ õâîñòîâ âûùåëà÷èâàíèÿ.
Êëþ÷åâûå ñëîâà: ñóëüôèäíûå êîíöåíòðàòû, ãàëîãåíñîäåðæàùèå ðàñòâîðèòåëè, àâ-
òîêëàâíîå îêèñëåíèå, âûùåëà÷èâàíèå çîëîòà, îñàæäåíèå.

âðåìåíè ïðàêòèêà ïåðåðàáîòêè òàêèõ 
ðóä îáû÷íî ïðåäóñìàòðèâàëà îêèñëè-
òåëüíûé îáæèã ïîëó÷àåìûõ èç íèõ êîí-
öåíòðàòîâ. Îäíàêî â ïîñëåäíåå âðåìÿ 
îáëàñòü ïðèìåíåíèÿ òàêîé òåõíîëîãèè 
îãðàíè÷èâàåòñÿ ïî ýêîëîãè÷åñêèì ñî-
îáðàæåíèÿì. 

Áîëüøîå çíà÷åíèå â ãèäðîìåòàë-
ëóðãèè öâåòíûõ è äðàãîöåííûõ ìåòàë-
ëîâ ïðèîáðåòàþò ïðîöåññû, ïðîòåêà-
þùèå â óñëîâèÿõ ïîâûøåííûõ äàâëå-
íèé è òåìïåðàòóð [2–4]. 

Îäíèì èç ïåðñïåêòèâíûõ íàïðàâ-
ëåíèé â ãèäðîìåòàëëóðãè÷åñêîé ïåðå-
ðàáîòêå óïîðíûõ ñóëüôèäíûõ çîëîòî-
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ñîäåðæàùèõ ðóä è êîíöåíòðàòîâ ÿâ-
ëÿåòñÿ èñïîëüçîâàíèå ðàñòâîðèòåëåé 
äðàãîöåííûõ ìåòàëëîâ, ñîäåðæàùèõ 
ãàëîãåíèä-èîí, â ïðîöåññå àâòîêëàâ-
íîãî îêèñëåíèÿ [5, 6, 7].

Ðåçóëüòàòû è èõ îáñóæäåíèÿ
Â ÎÀÎ «Èðãèðåäìåò» ïðîâåäåíû 

èññëåäîâàíèÿ è ðàçðàáîòàíà òåõíîëî-
ãèÿ àâòîêëàâíî-ñîðáöèîííîãî îêèñ-
ëåíèÿ (ÀÑÎ), âêëþ÷àþùàÿ: ïðîöåññ 
àâòîêëàâíîãî îêèñëåíèÿ çîëîòîñîäåð-
æàùèõ ñóëüôèäîâ, ðàñòâîðåíèå äðàãî-
öåííûõ ìåòàëëîâ ñ îáðàçîâàíèåì õëî-
ðèäíîãî êîìïëåêñà çîëîòà è îñàæäå-
íèå äðàãîöåííûõ ìåòàëëîâ íà ñîðáåíò 
ñ ïîñëåäóþùåé äåñîðáöèåé, ýëåêòðî-
ëèçîì è ïëàâêîé êàòîäíûõ îñàäêîâ íà 
ñïëàâ Äîðå [8–10].

Ïåðâûå ýêñïåðèìåíòû ïðîâåäåíû 
ñ öåëüþ îöåíêè ýôôåêòèâíîñòè ðàñ-
òâîðèòåëåé äðàãîöåííûõ ìåòàëëîâ, 
ñîäåðæàùèõ ãàëîãåíèä-èîí (Cl, Br, J). 
Â êà÷åñòâå ðàñòâîðèòåëåé èñïîëüçî-
âàëè õëîðèä íàòðèÿ, õëîðèä êàëüöèÿ, 
êàðíàëëèò (KCl · MgCl2 · 6H2O), éîäèä 
è áðîìèä êàëèÿ.

Èññëåäîâàíèÿ ïðîâîäèëèñü íà ôëî-
òîêîíöåíòðàòå çîëîòîðóäíîãî ìåñòî-
ðîæäåíèÿ Àìóðñêîé îáëàñòè, õèìè÷å-
ñêèé ñîñòàâ êîòîðîãî ïðåäñòàâëåí íà 
ðèñ. 1, ñîäåðæàíèå Au – 27,9 ã/ò, Ag –

46,3 ã/ò. Ðàöèîíàëüíûé àíàëèç íà çî-
ëîòî èññëåäóåìîãî ôëîòîêîíöåíòðàòà 
ïðåäñòàâëåí íà ðèñ. 2.

Îïûòû ïðîâîäèëè â àâòîêëàâå ðà-
áî÷èì îáúåìîì 2 äì3 ïðè òåìïåðàòóðå 
220 °Ñ. Ïðîäîëæèòåëüíîñòü àâòîêëàâ-
íîãî îêèñëåíèÿ (ÀÎ) 2 ÷àñà, íà÷àëüíàÿ 
êîíöåíòðàöèÿ ñåðíîé êèñëîòû 10 ã/ë, 
ñîîòíîøåíèå Æ:Ò = 2:1, èíòåíñèâ-
íîñòü ïåðåìåøèâàíèÿ 650 îá/ìèí, 
äàâëåíèå â àâòîêëàâå 3 ÌÏà. Êîíöåí-
òðàöèþ õëîðèäà íàòðèÿ, õëîðèäà êàëü-
öèÿ, êàðíàëëèòà, éîäèäà è áðîìèäà 
êàëèÿ ïðèíèìàëè ñî çíà÷èòåëüíûì èç-
áûòêîì èç ðàñ÷åòà 18 ã/ë ãàëîãåíèä-
èîíà. Ïåðâàÿ ñåðèÿ îïûòîâ ïðîâåäå-
íà áåç çàãðóçêè ñîðáåíòà.

Fleming C.A. [7] ïðåäïîëàãàë, ÷òî 
ðàñòâîðåíèå çîëîòà â ïðîöåññå àâòî-
êëàâíîãî îêèñëåíèÿ â ïðèñóòñòâèè ãà-
ëîãåíñîäåðæàùåãî ðåàãåíòà (íà ïðè-
ìåðå âçàèìîäåéñòâèÿ ñ èîíîì õëîðà) 
ïðîòåêàåò ïî ðåàêöèè 1: 
Au + 1/4O2 + H+ + 1/2SO4

2- + 4Cl-

 AuCl4
- + 1/2SO4

2- + 1/2H2O (1)

Qing Liu J. & Nicol M.J [11] ýêñ-
ïåðèìåíòàëüíî ïîêàçàëè, ÷òî çîëîòî 
îêèñëÿåòñÿ â ñîîòâåòñòâèè ñ ðåàêöèÿ-
ìè (2)–(4) [12]:

Au + 2C1- + Fe3+ [AuCl2]
- + Fe2+, (2)

Ðèñ. 1. Õèìè÷åñêèé ñîñòàâ êîíöåíòðàòà
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[AuCl2]
- + 2C1- + 2Fe3+

[AuCl4]
- + 2Fe2+, (3)

O2 + 4H+ + 2Fe2+ 2H2O + 2Fe3+.(4)

Ïî ðåçóëüòàòàì ïðîâåäåííûõ èñ-
ñëåäîâàíèé óñòàíîâëåíî, ÷òî ïîñëå àâ-
òîêëàâíîãî îêèñëåíèÿ ñ äîáàâëåíèåì 
ãàëîãåíñîäåðæàùèõ ðàñòâîðèòåëåé çî-
ëîòî íå îñòàåòñÿ â ðàñòâîðå [8]. Ïðåä-
ïîëàãàåòñÿ, ÷òî ãàëîãåíèäíûé êîìïëåêñ 
çîëîòà (III), ñ ïîíèæåíèåì òåìïåðàòóðû 
ñòàíîâèòüñÿ íåñòàáèëåí â äàííîé ñèñ-
òåìå, â ðåçóëüòàòå ÷åãî çîëîòî ïåðå-
îñàæäàåòñÿ è îñòàåòñÿ â êåêå àâòîêëàâ-
íîãî îêèñëåíèÿ. 

Ñ öåëüþ îïðåäåëåíèÿ ýôôåêòèâ-
íîñòè îêèñëåíèÿ è âëèÿíèÿ ãàëîãåíñî-
äåðæàùèõ ðàñòâîðèòåëåé íà èçâëå÷å-
íèå äðàãîöåííûõ ìåòàëëîâ ïðîäóêòû 
àâòîêëàâíîãî îêèñëåíèÿ ïîäâåðãàëè 
öèàíèðîâàíèþ. 

Îêèñëåííûé ìàòåðèàë öèàíèðîâà-
ëè â ëàáîðàòîðíîì àãèòàòîðå ïðè êîí-
öåíòðàöèè öèàíèñòîãî íàòðèÿ 2 ã/ë è 
ñîîòíîøåíèè Æ:Ò = 2:1, ñ èñïîëüçî-
âàíèåì èîíîîáìåííîé ñìîëû ÀÌ-2Á. 
Ïðîäîëæèòåëüíîñòü öèàíèðîâàíèÿ ñî-
ñòàâëÿëà 24 ÷àñà. Öèàíèðîâàíèå êå-
êîâ ÀÎ ïîêàçàëî âûñîêîå èçâëå÷åíèå 
çîëîòà íà óðîâíå 97–99%. Èñïîëüçî-
âàíèå â ïðîöåññå àâòîêëàâíîãî îêèñ-
ëåíèÿ ãàëîãåíñîäåðæàùèõ ðàñòâîðè-
òåëåé ïîâûøàåò èçâëå÷åíèå ñåðåáðà è 

ýòî ñâÿçàíî ñ òåì, ÷òî íå ïðîèñõîäèò îá-
ðàçîâàíèå ñåðåáðîñîäåðæàùåãî ÿðî-
çèòà [13]. 

Ïîêàçàíî, ÷òî àâòîêëàâíîå îêèñ-
ëåíèå ôëîòîêîíöåíòðàòà, íå ñîäåð-
æàùåãî â ñâîåì ñîñòàâå îðãàíè÷åñêèé 
óãëåðîä, â ïðèñóòñòâèè èîíîâ õëîðà, 
áðîìà è éîäà, íå ïðèâîäèò ê ñíèæå-
íèþ èçâëå÷åíèÿ äðàãîöåííûõ ìåòàë-
ëîâ ïðè ïîñëåäóþùåì öèàíèðîâàíèè 
ïðîäóêòîâ âñêðûòèÿ.

Ñëåäóþùèå ýêñïåðèìåíòû ïî àâ-
òîêëàâíîìó îêèñëåíèþ ñóëüôèäíûõ 
êîíöåíòðàòîâ ñ ðàçëè÷íûìè ãàëîãåí-
ñîäåðæàùèìè ðåàãåíòàìè ïðîâîäè-
ëèñü ñ äîáàâëåíèåì àêòèâèðîâàííîãî 
óãëÿ â óñëîâèÿõ, îïèñàííûõ âûøå.

Äëÿ èçâëå÷åíèÿ çîëîòà â ïðîöåññå 
àâòîêëàâíîãî îêèñëåíèÿ äîáàâëÿëè ãà-
ëîãåíñîäåðæàùèå ðàñòâîðèòåëè è ñîð-
áåíò èç ðàñ÷åòà 6% ìàññîâûõ. Â êà÷å-
ñòâå ñîðáåíòà èñïîëüçîâàí àêòèâèðî-
âàííûé óãîëü ìàðêè «Norit RO 3515». 

Â ïðîöåññå àâòîêëàâíîãî îêèñëå-
íèÿ îáðàçóåòñÿ àíèîí ãàëîãåíèäíîãî 
êîìïëåêñà çîëîòà (III), ïî ðåàêöèè (3), 
êîòîðûé âçàèìîäåéñòâóåò ñ ÷àñòèöàìè 
àêòèâèðîâàííîãî óãëÿ, ÷òî ïðèâîäèò ê 
âîññòàíîâëåíèþ çîëîòà äî ìåòàëëè÷å-
ñêîãî ñîñòîÿíèÿ [8–10, 12] ñ ïîñëå-
äóþùèì îñàæäåíèåì äðàãîöåííîãî 
ìåòàëëà íà ïîâåðõíîñòè ñîðáåíòà. 
Âîññòàíîâëåíèå çîëîòà ïðîòåêàåò â 
ñîîòâåòñòâèè ñ ðåàêöèåé 5:

Ðèñ. 2. Ðàöèîíàëüíûé àíàëèç íà çîëîòî ôëîòîêîíöåíòðàòà
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3Ñ + 6H2O + 4[AuCl4]
- = 

= 4Au  + 16Cl- + 3CO2  + 12H+ (5)
Â ðåçóëüòàòå ïðîâåäåííûõ èññëåäî-

âàíèé ïîêàçàíî, ÷òî ñòåïåíü îêèñëåíèÿ 
ñóëüôèäîâ â ïðîöåññå àâòîêëàâíîãî 
îêèñëåíèÿ óïîðíîãî çîëîòîñîäåðæà-
ùåãî êîíöåíòðàòà âûøå 99%, èçâëå÷å-
íèå çîëîòà íà ñîðáåíò – 97–99%.

Èçâëå÷åíèå çîëîòà è ñåðåáðà â ïðî-
öåññå àâòîêëàâíîãî îêèñëåíèÿ óïîðíî-
ãî çîëîòîñîäåðæàùåãî êîíöåíòðàòà íà 
àêòèâèðîâàííûé óãîëü ñ èñïîëüçîâàíè-
åì éîäèäà è áðîìèäà êàëèÿ âûøå, íî 
èõ ñòîèìîñòü çíà÷èòåëüíî âûøå ñòîè-
ìîñòè õëîðèäà íàòðèÿ, ïîýòîìó äàëü-
íåéøèå èññëåäîâàíèÿ ïðîâîäèëèñü ñ 
èñïîëüçîâàíèåì NaCl.

Ñ öåëüþ îïòèìèçàöèè àâòîêëàâíîãî 
îêèñëåíèÿ ôëîòîêîíöåíòðàòà ñ äîáàâ-
ëåíèåì õëîðèäà íàòðèÿ è àêòèâèðî-
âàííîãî óãëÿ ïðîâåäåíà ñåðèÿ ýêñïå-
ðèìåíòîâ ïðè ðàçëè÷íîé òåìïåðàòóðå 
è ïðîäîëæèòåëüíîñòè ïðîöåññà îêèñ-
ëåíèÿ. 

Îïûòû ïðîâîäèëèñü â àâòîêëàâå 
îáúåìîì 2 äì3 ñ çàãðóçêîé êîíöåíò-
ðàòà â ñîîòíîøåíèè Æ:Ò = 2:1, ñ íà-
÷àëüíîé êîíöåíòðàöèåé ñåðíîé êèñëî-
òû 10 ã/ë, ïðè êîíöåíòðàöèè õëîðèäà 
íàòðèÿ 9 ã/ë, ñ çàãðóçêîé àêòèâèðî-
âàííîãî óãëÿ 6% ìàññîâûõ.

Íà ðèñ. 3 ïðåäñòàâëåíà çàâèñè-
ìîñòü èçâëå÷åíèÿ çîëîòà è ñåðåáðà îò 

òåìïåðàòóðû ïðè ðàçíîé ïðîäîëæè-
òåëüíîñòè ïðîöåññà. 

Óñòàíîâëåíî, ÷òî ïðè òåìïåðàòóðàõ 
180 °Ñ è 200 °Ñ èçâëå÷åíèå çîëîòà 
è ñåðåáðà íà àêòèâèðîâàííûé óãîëü 
ïîâûøàåòñÿ ñ óâåëè÷åíèåì ïðîäîë-
æèòåëüíîñòè àâòîêëàâíîãî îêèñëåíèÿ. 
Ïðè òåìïåðàòóðå 220 °Ñ íàáëþäàåòñÿ 
ñíèæåíèå èçâëå÷åíèÿ çîëîòà ñ óâåëè-
÷åíèåì ïðîäîëæèòåëüíîñòè ïðîöåññà. 

Èññëåäîâàíèÿìè [9] ïîêàçàíî, ÷òî 
îñíîâíûìè ôàêòîðàìè, âëèÿþùèìè íà 
ïîëíîòó èçâëå÷åíèÿ çîëîòà, ÿâëÿþòñÿ 
ñòåïåíü îêèñëåíèÿ ñóëüôèäîâ è ðàç-
ðóøåíèå àêòèâèðîâàííîãî óãëÿ â ïðî-
öåññå àâòîêëàâíîãî îêèñëåíèÿ.

Ñ öåëüþ îïðåäåëåíèÿ îïòèìàëüíîãî 
ðàñõîäà ðàñòâîðèòåëÿ äëÿ ìàêñèìàëü-
íîãî èçâëå÷åíèÿ çîëîòà è ñåðåáðà íà 
àêòèâèðîâàííûé óãîëü â ïðîöåññå àâòî-
êëàâíîãî îêèñëåíèÿ ôëîòîêîíöåíòðà-
òà, ïðîâåäåíû ýêñïåðèìåíòû ñ ðàçëè÷-
íîé êîíöåíòðàöèåé õëîðèäà íàòðèÿ. 

Óñòàíîâëåíà îïòèìàëüíàÿ êîíöåí-
òðàöèåé õëîðèäà íàòðèÿ – 5 ã/ë, äàëü-
íåéøåå óâåëè÷åíèå êîíöåíòðàöèè íå 
ïðèâîäèò ê ïîâûøåíèþ èçâëå÷åíèÿ 
çîëîòà [9].

Ñ öåëüþ îïðåäåëåíèÿ îïòèìàëüíîé 
çàãðóçêè àêòèâèðîâàííîãî óãëÿ äëÿ 
ìàêñèìàëüíîãî èçâëå÷åíèÿ çîëîòà è 
ñåðåáðà íà ñîðáåíò, ïðîâåäåíû ýêñïå-
ðèìåíòû ïî àâòîêëàâíî-ñîðáöèîííî-

Ðèñ. 3. Çàâèñèìîñòü èçâëå÷åíèÿ çîëîòà è ñåðåáðà îò òåìïåðàòóðû ïðè ðàçíîé ïðî-
äîëæèòåëüíîñòè ïðîöåññà
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ìó îêèñëåíèþ â óñëîâèÿõ îïèñàííûõ 
âûøå, ñ ðàçëè÷íîé çàãðóçêîé óãëÿ ïðè 
êîíöåíòðàöèè õëîðèäà íàòðèÿ – 5 ã/ë 
(ðèñ. 4). 

Óñòàíîâëåíà îïòèìàëüíàÿ çàãðóçêà 
ñîðáåíòà, êîòîðàÿ ñîñòàâëÿåò 6% ìàñ-
ñîâûõ [9].

Íà îñíîâàíèè ïðîâåäåííûõ èññëå-
äîâàíèé ðàçðàáîòàíà òåõíîëîãèÿ ïå-
ðåðàáîòêè óïîðíûõ ñóëüôèäíûõ êîí-
öåíòðàòîâ [8–10], êîòîðàÿ âêëþ÷àåò 
ïðîöåññû (ðèñ. 5):

îêèñëåíèÿ çîëîòîñîäåðæàùèõ 
ñóëüôèäîâ;

ðàñòâîðåíèåì äðàãîöåííûõ ìå-
òàëëîâ è îáðàçîâàíèåì õëîðèäíîãî 
êîìïëåêñà çîëîòà è ñåðåáðà;

îñàæäåíèå äðàãîöåííûõ ìåòàë-
ëîâ íà ñîðáåíò.

Âûâîäû
Èññëåäîâàíèÿ ïî îöåíêå ýôôåê-

òèâíîñòè ðàñòâîðèòåëåé äðàãîöåííûõ 
ìåòàëëîâ, ñîäåðæàùèõ ãàëîãåíèä-èî-
íû, ïîêàçàëè, ÷òî â ïðîöåññå àâòî-
êëàâíîãî îêèñëåíèÿ ñ äîáàâëåíèåì ãà-
ëîãåíñîäåðæàùèõ ðàñòâîðèòåëåé, çî-
ëîòî â ðàñòâîð íå èçâëåêàåòñÿ. Ïðè 
äîáàâëåíèè â ïðîöåññ àâòîêëàâíîãî 
îêèñëåíèÿ ôëîòîêîíöåíòðàòà ãàëîãåí-
ñîäåðæàùèõ ðàñòâîðèòåëåé è àêòèâè-
ðîâàííîãî óãëÿ çîëîòî îáðàçóåò çîëî-
òîãàëîãåíèäíûé êîìïëåêñ è îñàæäàåò-
ñÿ íà ñîðáåíò. 

Ðèñ. 4. Çàâèñèìîñòü èçâëå÷åíèÿ äðàãîöåííûõ ìåòàëëîâ íà àêòèâèðîâàííûé óãîëü 
ïðè àâòîêëàâíîì îêèñëåíèè ôëîòîêîíöåíòðàòà îò çàãðóçêè óãëÿ

Ðèñ. 5. Òåõíîëîãè÷åñêàÿ ñõåìà ïåðåðàáîòêè óïîðíîãî çîëîòîñóëüôèäíîãî êîí-
öåíòðàòà
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Ñòåïåíü îêèñëåíèÿ ñóëüôèäîâ â 
ðàçëè÷íûõ îïûòàõ ñîñòàâèëà 67,7–
99,8%. Ìàêñèìàëüíîå èçâëå÷åíèå çî-
ëîòà ñîñòàâèëî 98,6%. 

Äàííàÿ òåõíîëîãèÿ ïîçâîëÿåò ïðî-
âîäèòü àâòîêëàâíîå îêèñëåíèå çîëî-
òîñîäåðæàùèõ ñóëüôèäîâ, ðàñòâîðå-

íèå äðàãîöåííûõ ìåòàëëîâ è îñàæäå-
íèå èõ íà ñîðáåíò â îäíîì àïïàðàòå. 
Çàìåíà â äàííîé òåõíîëîãèè îïàñíîãî 
öèàíèäà íàòðèÿ, ïðèìåíÿåìîãî â íà-
ñòîÿùåå âðåìÿ â êà÷åñòâå ðàñòâîðè-
òåëÿ äðàãîöåííûõ ìåòàëëîâ, ïîçâîëèò 
ïîâûñèòü ýêîëîãè÷íîñòü ïðîöåññà.
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The results of POX of refractory gold-bearing concentrates using halide-ion as a lixiviant for precious 
metals and activated carbon as an adsorbent are given. It was found that gold did not recover to the solution 
when halide was added during POX. Silver partially dissolved in the solution. When halide-based reagents and 
activated carbon were added during POX, gold dissolved and loaded onto the activated carbon. Experiments 
were performed with different concentrations of sodium chloride. It has been established that sufficient sodium 
chloride concentration for gold leaching is 5 g/l. The analysis of the experiments conducted with different 
loading of activated carbon showed that the amount of coal must be at least 6% on the mass of concentrate.
The degree of sulfides oxidation was 67.7–99.8%. The maximum gold recovery was 98.6%. This treatment 
process of refractory gold-bearing concentrates combines sulfide oxidation, dissolution and adsorption of pre-
cious metals. The results of the metals recovery achieved using this process can be compared with the recov-
ery during POX-cyanidation. In this case, sodium cyanide was not used. This allows the reduction of capital 
and operational costs due to the absence of cyanidation, CIL and detoxification of leaching tailings circuits.

Key words: refractory gold-bearing ores and concentrates, POX, halides.
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