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Îòìå÷åíî, ÷òî ïðîáëåìà ïåðåðàáîòêè çîëîòîóãëåðîäñîäåðæàùèõ ðóä, îáëàäàþùèõ âûñîêîé ñîðáöè
îííîé àêòèâíîñòüþ â ïðîöåññå öèàíèðîâàíèÿ, çàñòàâëÿåò èñêàòü íîâûå è ñîâåðøåíñòâîâàòü èçâåñòíûå 
ñïîñîáû ñíèæåíèÿ èçâëå÷åíèÿ îðãàíè÷åñêîãî óãëåðîäà â òîâàðíûå ïðîäóêòû îáîãàùåíèÿ. Óêàçàíî, ÷òî 
îäíèì èç ïåðñïåêòèâíûõ ÿâëÿåòñÿ ìåòîä äåïðåññèè óãëåðîäèñòîãî âåùåñòâà â ïðîöåññå ôëîòàöèîííîãî 
îáîãàùåíèÿ ñ ïðèìåíåíèåì ðàçëè÷íûõ ðåàãåíòîâ äåïðåññîðîâ. Ïîêàçàíî, ÷òî äàííûé ìåòîä ïîçâîëÿåò 
èçâëå÷ü çîëîòî è çîëîòîñîäåðæàùèå ñóëüôèäû âî ôëîòîêîíöåíòðàò, îñòàâëÿÿ óãëåðîäèñòîå âåùåñòâî 
â õâîñòàõ îáîãàùåíèÿ. Ýôôåêòèâíîñòü íîâîãî ðåàãåíòàäåïðåññîðà Ð2 ïîäòâåðæäåíà ôëîòàöèîííûìè 
èññëåäîâàíèÿìè ñ ïðîâåäåíèåì ïîëóïðîìûøëåííûõ è ïðîìûøëåííûõ èñïûòàíèé íà óãëèñòûõ çîëîòî
ñîäåðæàùèõ ðóäàõ ðàçëè÷íûõ òåððèòîðèàëüíûõ ôîðìàöèé. Â íàñòîÿùåå âðåìÿ âûõîäèò íà ïðîåêòíóþ 
ìîùíîñòü çîëîòîèçâëåêàòåëüíûé êîìïëåêñ ïî ïåðåðàáîòêå óïîðíîé óãëåðîäñîäåðæàùåé ðóäû ñ èñïîëü
çîâàíèåì ðåàãåíòàäåïðåññîðà Ð2 â ïðîöåññå ôëîòàöèîííîãî îáîãàùåíèÿ. 

Ñ ó÷åòîì îñîáåííîñòåé óãëèñòûõ çîëîòîñîäåðæàùèõ ðóä, õàðàêòåðèçóþùèõñÿ ìíîãîîáðàçèåì ôîðì 
íàõîæäåíèÿ óãëåðîäèñòîãî âåùåñòâà, îáóñëàâëèâàþùèõ ðàçëè÷íóþ ñòåïåíü èõ óïîðíîñòè ê öèàíèñòîìó 
ïðîöåññó, ïðåäñòàâëÿåò èíòåðåñ èçó÷åíèå õàðàêòåðà âîçäåéñòâèÿ óêàçàííîãî ðåàãåíòà íà ïîâåðõíîñòü 
óãëåðîäèñòîãî âåùåñòâà. Îïèñàí âîçìîæíûé ìåõàíèçì âçàèìîäåéñòâèÿ ðåàãåíòàäåïðåññîðà Ð2 ñ ïî
âåðõíîñòüþ óãëåðîäèñòîãî âåùåñòâà ñ èñïîëüçîâàíèåì ðàçëè÷íûõ ìåòîäîâ èññëåäîâàíèé. Óñòàíîâëåíî, 
÷òî îáðàçîâàíèå êîìïëåêñà ðåàãåíò – óãëåðîäèñòîå âåùåñòâî – âîäà ïðîèñõîäèò â ðåçóëüòàòå ôèçè÷å
ñêîé ñîðáöèè ïîñðåäñòâîì ñèë ÂàíÄåðÂààëüñîâîãî âçàèìîäåéñòâèÿ  

Êëþ÷åâûå ñëîâà: ôëîòàöèÿ; óãëåðîäèñòîå âåùåñòâî; óïîðíîñòü; ôèçè÷åñêàÿ ñîðáöèÿ; ðåàãåíòäåïðåññîð; ñîäåðæà
íèå; èçâëå÷åíèå; èññëåäîâàíèÿ; ïîëóïðîìûøëåííûå, ïðîìûøëåííûå èñïûòàíèÿ; âíåäðåíèå

The problem of processing goldcarboncontaining ores with high sorption activity in the process of cyanida
tion makes it necessary to search for new and improve known methods of reducing the extraction of organic car
bon into commercial products of enrichment. One of the most promising is the method of depression of carbo
naceous matter in the process of flotation concentration, using various reagents depressors. This method allows 
you to extract gold and gold sulfides in the flotation concentrate leaving carbonaceous matter in the tailings. The 
effectiveness of the new reagentdepressor R2, confirmed by flotation studies, with conducting semiindustrial 
and industrial tests on carbonaceous goldbearing ores of various territorial formations. At present, the gold 
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extraction complex for processing refractory carboncontaining ore with the use of reagent P2 in the process of 
flotation enrichment is reaching its design capacity.

Taking into account the peculiarities of carbonaceous goldbearing ores, which are characterized by a variety 
of forms of finding carbonaceous matter, causing their varying degrees of persistence to the cyanide process, 
it is of interest to study the nature of the effect of the above reagent on the surface of carbonaceous matter. 
This paper describes a possible mechanism for the interaction of the reagentdepressant R2 with the surface 
of the carbonaceous matter, using various research methods. It has been established that the formation of the 
reagentcarbonmatterwater complex occurs because of physical sorption, by means of the VanderWaals 
interaction forces

Key words: flotation; carbonaceous matter; persistence; physical sorption; reagentdepressant; content; recovery; research; 
semiindustrial, industrial tests; implementation

Ââåäåíèå. Áîëüøèíñòâî çîëîòîïåðåðàáà
òûâàþùèõ ïðåäïðèÿòèé ñòàëêèâàåòñÿ ñ 

ïðîáëåìîé ïåðåðàáîòêè ðóäû ñ ïðèñóòñòâè
åì óãëåðîäèñòîãî âåùåñòâà (ÓÂ).  Ïðîáëåìà 
çàêëþ÷àåòñÿ â òîì, ÷òî ïðè ôëîòàöèîííîì 
îáîãàùåíèè óãëåðîäñîäåðæàùèõ çîëîòîíîñ
íûõ ðóä ÓÂ ïåðåõîäèò â òîâàðíûå ïðîäóòû 
îáîãàùåíèÿ, ÷òî íåãàòèâíî ñêàçûâàåòñÿ íà èõ 
äàëüíåéøåé ïåðåðàáîòêå (ñîðáöèîííàÿ àê
òèâíîñòü ìàòåðèàëà âëèÿåò íà êà÷åñòâåííûå 
ïîêàçàòåëè ïåðåðàáîòêè â ãèäðîìåòàëëóð
ãèè) è, ñîîòâåòñòâåííî, íà ñêâîçíîì èçâëå÷å
íèè ìåòàëëà [3; 6; 10].

Ñ öåëüþ ñíèæåíèÿ íåãàòèâíîãî âëèÿíèÿ 
ÓÂ è ìèíèìèçàöèè ïîòåðü öåííîãî êîìïîíåí
òà â ïðîìûøëåííîñòè èñïîëüçóþò ðàçëè÷íûå 
ìåòîäû è òåõíîëîãè÷åñêèå ïðèåìû. Îäíèì 
èç òàêèõ ìåòîäîâ ÿâëÿåòñÿ äåïðåññèÿ óãëå
ðîäèñòîãî âåùåñòâà â ïðîöåññå ôëîòàöèîí
íîãî îáîãàùåíèÿ. Äàííûé ìåòîä ïîçâîëÿåò 
èçâëå÷ü çîëîòî è çîëîòîñîäåðæàùèå ñóëü
ôèäû â êîíöåíòðàò ôëîòàöèè, îñòàâëÿÿ ÓÂ â 
õâîñòàõ îáîãàùåíèÿ. Â êà÷åñòâå äåïðåññîðà 
óãëåðîäà èñïîëüçóþò ðàçëè÷íûå ðåàãåíòû 
îðãàíè÷åñêîãî ïðîèñõîæäåíèÿ [1; 7].

Â èíñòèòóòå ÀÎ «Èðãèðåäìåò» èññëåäî
âàí è ïðîâåðåí íîâûé ðåàãåíò Ð2. Ïðèìå
íåíèå ðåàãåíòà Ð2 ïðè ôëîòàöèè óãëèñòûõ 
çîëîòîñîäåðæàùèõ ðóä ðàçëè÷íûõ ìåñòî
ðîæäåíèé ïîçâîëèëî çíà÷èòåëüíî ñíèçèòü 
ñîäåðæàíèå îðãàíè÷åñêîãî óãëåðîäèñòîãî âå
ùåñòâà â êîíöåíòðàòå ôëîòàöèè è îáåñïå÷èòü 
âûñîêîå èçâëå÷åíèå çîëîòà ïðè äàëüíåéøåì 
öèàíèðîâàíèè ôëîòîêîíöåíòðàòîâ  [2; 9].

Ìåòîäîëîãèÿ è ìåòîäû èññëåäîâàíèÿ. 
Èññëåäîâàíèÿ ìåõàíèçìà âçàèìîäåéñòâèÿ 
ðåàãåíòàäåïðåññîðà Ð2 ñ ÓÂ îñóùåñòâëÿ
ëèñü íà óãëåðîäñîäåðæàùåì ïðîäóêòå ñ ìàñ
ñîâîé äîëåé îðãàíè÷åñêîãî óãëåðîäà 40 %, 
âûäåëåííîãî èç çîëîòîóãëåðîäñîäåðæàùåé 
ðóäû ìåòîäîì ôëîòàöèîííîãî îáîãàùåíèÿ (ñ 
ïðèìåíåíèåì áóòèëîâîãî ñïèðòà â êà÷åñòâå 

âñïåíèâàòåëÿ). Èç ïîëó÷åííîãî óñëîâíî ÷è
ñòîãî óãëåðîäèñòîãî âåùåñòâà ïîäãîòîâëå
íû îáðàçöû äëÿ ïðîâåäåíèÿ èññëåäîâàíèé. 
Îáðàçåö 1 – ÷èñòûé, áåç äîïîëíèòåëüíîé îá
ðàáîòêè ðåàãåíòàìè. Îáðàçåö 2 – îáðàáîòàí
íûé âîäíûì ðàñòâîðîì ðåàãåíòà Ð2. Ïîä
ãîòîâëåííûå îáðàçöû ÓÂ èçó÷àëè ìåòîäàìè 
ýëåêòðîííîé ìèêðîñêîïèè íà ïðèáîðå Jeol 
JIB – Z4500, ÈÊñïåêòðîñêîïèè ñ èñïîëüçîâà
íèåì ïðèáîðà Vertex 70 Bruker, à òàêæå ìåòî
äîì ÓÔñïåêòðîñêîïèè àíàëèçèðîâàëè êîí
öåíòðàöèþ ðåàãåíòà Ð2 â âîäíîì ðàñòâîðå.

Ðåçóëüòàòû èññëåäîâàíèÿ è îáëàñòü èõ 
ïðèìåíåíèÿ. Ðåçóëüòàòû èññëåäîâàíèÿ ýëåê
òðîííîé ìèêðîñêîïèè ñâèäåòåëüñòâóþò î òîì, 
÷òî â îáðàçöå 1 (ðèñ. 1) íàáëþäàåòñÿ ðàâíî
ìåðíîå ðàñïðåäåëåíèå çåðåí ÓÂ ïî âñåé ïëî
ùàäè ñíèìêà. Â îáðàçöå 2 (ðèñ. 2) íàáëþäà
þòñÿ àãðåãàòû ÓÂ. Âåðîÿòíî, îáðàçîâàíèå 
àãðåãàòîâ ïðîèçîøëî â ðåçóëüòàòå êîíòàêòà 
ÓÂ ñ ðàñòâîðîì ðåàãåíòà Ð2, ÷òî ìîæåò ñëó
æèòü ïðè÷èíîé èçìåíåíèÿ ôëîòàöèîííûõ 
ñâîéñòâ ÓÂ. Ïîäîáíûå îáðàçîâàíèÿ îòìå÷àåò 
Ì. Ë. Çàéöåâà [5]. 

Äëÿ óñòàíîâëåíèÿ âîçìîæíîãî âèäà âçà
èìîäåéñòâèÿ ïðåäñòàâëÿëî èíòåðåñ ñíÿòèå 
ÈÊñïåêòðîâ îáðàçöîâ ÓÂ ÷èñòîãî, îáðàáî
òàííîãî, îòìûòîãî, à òàêæå ðåàãåíòà Ð2. 
Ñïåêòðû ñíèìàëèñü íà ñïåêòðîìåòðå Vertex 
70 Bruker. Ïî ðåçóëüòàòàì èññëåäîâàíèÿ 
óñòàíîâëåíî, ÷òî â îáðàçöå ÓÂ, îáðàáîòàí
íîãî ðàñòâîðîì ðåàãåíòà Ð2, íàáëþäàëîñü 
íàëîæåíèå ïîëîñ ñïåêòðà ÓÂ è ñïåêòðà ðå
àãåíòà Ð2 áåç îáðàçîâàíèÿ íîâûõ ñâÿçåé. 
Äóáëåòíîñòü ïîëîñ óêàçûâàåò íà òî, ÷òî âçà
èìîäåéñòâèå ðåàãåíòà Ð2 è ÓÂ ïðîèñõîäèò â 
ðåçóëüòàòå ôèçè÷åñêîé ñîðáöèè ïîñðåäñòâîì 
ñèë ÂàíÄåðÂààëüñîâîãî âçàèìîäåéñòâèÿ.

Ôèçè÷åñêóþ ïðèðîäó çàêðåïëåíèÿ ïîä
òâåðæäàþò ðåçóëüòàòû äåñîðáöèè ðåàãåíòà 
Ð2 ñ ÓÂ, ïðè îòìûâàíèè äèñòèëëèðîâàííîé 
âîäîé êîìíàòíîé òåìïåðàòóðû (ðèñ. 3).
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Ðèñ. 1. Ôðàãìåíò ÷èñòîãî óãëåðîäèñòîãî âåùåñòâà / Fig. 1. The fragment of a pure carbonaceous matter

Ðèñ. 2. Ôðàãìåíò óãëåðîäèñòîãî âåùåñòâà, îáðàáîòàííîãî âîäíûì ðàñòâîðîì Ð2 / 
Fig. 2. The fragment of carbonaceous substance treated with R2 aqueous solution

Ðèñ. 3. Äåñîðáöèÿ ðåàãåíòà Ð2 ñ ÓÂ / Fig. 3. Desorption of reagent P2 with UV
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Èñõîäÿ èç ðèñ. 3, ñëåäóåò ñêàçàòü, ÷òî 
ïðè àãèòàöèè 1 ã ÓÂ â 50 ìë âîäíîãî ðàñòâî
ðà ðåàãåíòà Ð2 ïðè êîíöåíòðàöèè 100 ìã/ë 
ïðîèñõîäèò çàêðåïëåíèå ðåàãåíòà Ð2 íà 
ïîâåðõíîñòè ÓÂ â êîëè÷åñòâå 1,5 ìã/ã, ïðè 
îñòàòî÷íîé êîíöåíòðàöèè â ðàñòâîðå 70 %. 
Äàëüíåéøàÿ ñåìèêðàòíàÿ îòìûâêà äèñòèë
ëèðîâàííîé âîäîé êîìíàòíîé òåìïåðàòóðû 

Ðèñ. 4. Ìåõàíèçì îáðàçîâàíèÿ ãèäðîôèëüíîãî êîìïëåêñà «ðåàãåíò – óãëåðîäèñòîå âåùåñòâî – âîäà» / 
Fig. 4. Formation mechanism of hydrophilic complex “reagent – carbonaceous substance – water”

(îáúåì – 350 ìë) ïðèâîäèò ê äåñîðáöèè ðå
àãåíòà Ð2 ñ ïîâåðõíîñòè ÓÂ äî 0,8 ìã/ã ïðè 
îñòàâøåéñÿ êîíöåíòðàöèè â ðàñòâîðå íà 
óðîâíå 5 %. 

Ñ ó÷åòîì ðåçóëüòàòîâ âûïîëíåííûõ èñ
ñëåäîâàíèé è ïðàâèëà Ðåáèíäåðà ïîñòðîåíà 
ìîäåëü, îòðàæàþùàÿ ìåõàíèçì ñîðáöèè ðåà
ãåíòà Ð2 íà óãëåðîäèñòîì âåùåñòâå (ðèñ. 4).

– ýëåìåíòàðíîå çâåíî ïîëèìåòèëåííàôòàëèíñóëüôîíàòà 
íàòðèÿ;

– óãëåðîäèñòîå âåùåñòâî;

– ÂàíÄåðÂààëüñîâîå âçàèìîäåéñòâèå;

– ýëåìåíòàðíîå çâåíî ëèãíîñóëüôîíàòà íàòðèÿ

Ñîãëàñíî ïðàâèëó Ðåáèíäåðà [4], çàêðå
ïëåíèå ïîâåðõíîñòíî àêòèâíûõ âåùåñòâ íà 
ãðàíèöå ðàçäåëà òâåðäîå òåëî (óãëåðîäèñòîå 
âåùåñòâî) – æèäêîñòü ïðîèñõîäèò â ðåçóëü
òàòå îðèåíòàöèè ïîëÿðíûõ ìîëåêóë (SO

3
Na) â 

ñòîðîíó âîäû, à óãëåâîäîðîäíîé ÷àñòè (íàô
òàëèíîâûå êîëüöà) – â ñòîðîíó àäñîðáåíòà. 

Íà îñíîâàíèè ñêàçàííîãî ïðåäëîæåíà ñõåìà 
ìåõàíèçìà îáðàçîâàíèÿ êîìïëåêñà ðåàãåíò – 
óãëåðîäèñòîå âåùåñòâî – âîäà (ðèñ. 4).

Çàêëþ÷åíèå. Òàêèì îáðàçîì, óñòàíîâëå
íî, ÷òî ïðè îáðàáîòêå óãëåðîäèñòîãî âåùå
ñòâà ðàñòâîðîì ðåàãåíòàäåïðåññîðà Ð2 íà
áëþäàåòñÿ èçìåíåíèå ôîðìû ðàñïðåäåëåíèÿ 
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÷àñòèö óãëåðîäèñòîãî âåùåñòâà ñ îáðàçîâà
íèåì ãèäðîôèëüíûõ àãðåãàòîâ. Çàêðåïëåíèå 
ðåàãåíòà Ð2 íà ïîâåðõíîñòè óãëåðîäèñòîãî 

âåùåñòâà ïðîèñõîäèò â ðåçóëüòàòå ôèçè÷å
ñêîé ñîðáöèè ïîñðåäñòâîì  ñèë ÂàíÄåðÂà
àëüñîâîãî âçàèìîäåéñòâèÿ.
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