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ÒÅÎÐÈß È ÏÐÀÊÒÈÊÀ ÏÐÈÌÅÍÅÍÈß  
ÑÅËÅÊÒÈÂÍÎÉ ÔËÎÊÓËßÖÈÈ ÄËß ÐÀÇÄÅËÅÍÈß  
ÒÎÍÊÎÄÈÑÏÅÐÑÍÛÕ ÓÃÎËÜÍÛÕ ØËÀÌÎÂ 

Ðàññìîòðåíû òåîðåòè÷åñêèå âîïðîñû ñåëåêòèâíîé ôëîêóëÿöèè óãîëüíûõ 
øëàìîâ. Ïðàêòè÷åñêè äîêàçàíà ðàáîòîñïîñîáíîñòü äàííîãî ìåòîäà íà ÎÔ 
«Ðàñïàäñêàÿ». 
Êëþ÷åâûå ñëîâà: óãîëüíûé øëàì, ñåëåêòèâíàÿ ôëîêóëÿöèÿ, ôëîêóëÿíò. 
 

 
 

 íàñòîÿùåå âðåìÿ îñíîâíûì ñïîñîáîì îáîãàùåíèÿ 
óãîëüíûõ øëàìîâ ÿâëÿåòñÿ ôëîòàöèÿ. Ñóùåñòâåííûìè 

íåäîñòàòêàìè ôëîòàöèîííîãî îáîãàùåíèÿ ÿâëÿþòñÿ: 
• íèçêàÿ ñåëåêòèâíîñòü ðàçäåëåíèÿ òîíêèõ ÷àñòèö êðóïíî-

ñòüþ ìåíåå 40 ìêì; 
• ñðàâíèòåëüíî âûñîêèå òåêóùèå ýêñïëóàòàöèîííûå è êàïè-

òàëüíûå çàòðàòû; 
• ïðèìåíåíèå â êà÷åñòâå ôëîòàöèîííûõ ðåàãåíòîâ ëåãêî-

âîñïëàìåíÿþùèõñÿ è ãîðþ÷èõ æèäêîñòåé. 
Ïîýòîìó â ñâåòå ñîâðåìåííûõ òðåáîâàíèé ïî ïîâûøåíèþ 

ýêîíîìè÷åñêîé è ýêîëîãè÷åñêîé ýôôåêòèâíîñòè òåõíîëîãèé 
ïåðåðàáîòêè óãëåé ñòàíîâèòñÿ àêòóàëüíîé çàäà÷à ðàçðàáîòêè 
íåôëîòàöèîííûõ ñïîñîáîâ îáîãàùåíèÿ óãîëüíûõ øëàìîâ. 

Íàèáîëüøèé èíòåðåñ ïðåäñòàâëÿåò ñåëåêòèâíàÿ ôëîêóëÿöèÿ 
[1]. Ñóòü äàííîãî ñïîñîáà çàêëþ÷àåòñÿ â àãðåãàöèè ÷àñòèö îï-
ðåäåëåííîãî ìèíåðàëà ïîä äåéñòâèåì ïîëèìåðíîãî ôëîêóëÿí-
òà (èëè êîìáèíàöèè ôëîêóëÿíòà è âñïîìîãàòåëüíûõ ðåàãåíòîâ); 
ïðè ýòîì ÷àñòèöû äðóãèõ ìèíåðàëîâ îñòàþòñÿ â äèñïåðãèðî-
âàííîì ñîñòîÿíèè. Â ïðàêòèêå îáîãàùåíèÿ óãëåé ïðåäïðèíè-
ìàëèñü ïîïûòêè ñåëåêòèâíîãî ðàçäåëåíèÿ øëàìîâ íå ðàñòâîðè-
ìûìè â âîäå àïîëÿðíûìè èëè ãåòåðîïîëÿðíûìè îðãàíè÷åñêèìè 
âûñîêîìîëåêóëÿðíûìè ñîåäèíåíèÿìè, êàê ïðàâèëî, áóòàäèåí-
ñòèðîëüíûìè è ñòèðîëüíûìè ëàòåêñàìè [2, 3]. 

Ñîãëàñíî äàííûì, ïðèâåäåííûì â ðàáîòå [4], íàèáîëüøàÿ 
ýôôåêòèâíîñòü ðàçäåëåíèÿ øëàìà ñåëåêòèâíîé ôëîêóëÿöèåé 
äîñòèãàåòñÿ äëÿ íàèáîëåå òîíêîäèñïåðñíûõ ÷àñòèö (-50 ìêì), è 
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ýòî ÿâëÿåòñÿ âàæíûì ïðåèìóùåñòâîì äàííîãî ñïîñîáà ïî 
ñðàâíåíèþ ñ ôëîòàöèåé. Íàìè íà ïðèìåðå óãëÿ ÎÔ «Ðàñïàä-
ñêàÿ» äîêàçàíî, ÷òî ïðèìåíåíèå â êà÷åñòâå ôëîêóëÿíòîâ àíèî-
íàêòèâíûõ ïðîèçâîäíûõ ïîëèàêðèëàìèäà ïîçâîëÿåò ñåëåêòèâíî 
ðàçäåëèòü øëàì íà óãîëüíûé êîíöåíòðàò è îòõîäû [5]. 

Öåëü ïðîâåäåííîé ðàáîòû çàêëþ÷àëàñü â òåîðåòè÷åñêîì 
îáîñíîâàíèè âîçìîæíîñòè ïðèìåíåíèÿ âîäîðàñòâîðèìûõ 
àíèîíàêòèâíûõ ôëîêóëÿíòîâ íà îñíîâå ïîëèàêðèëàìèäà äëÿ 
ñåëåêòèâíîãî âûäåëåíèÿ óãëÿ èç ñóñïåíçèè øëàìà, ñîäåðæàùå-
ãî ÷àñòèöû óãëÿ è ïîðîäû. Ïîðîäà áûëà ïðåäñòàâëåíà â áîëü-
øåé ÷àñòè ãëèíîé ñ ïðèñóòñòâèåì ñëàíöåâ è ïåñ÷àíèêà. Äëÿ 
ðåàëèçàöèè ïîñòàâëåííîé öåëè áûë âûïîëíåí òåîðåòè÷åñêèé 
àíàëèç ìåõàíèçìà âçàèìîäåéñòâèÿ ÷àñòèö óãëÿ è ïîðîäû ñ ìàê-
ðîìîëåêóëàìè ôëîêóëÿíòà. Ïðè ýòîì ýíåðãèÿ ïàðíîãî âçàèìî-
äåéñòâèÿ ôëîêóëÿíò-÷àñòèöà òâåðäîé ôàçû áûëà îïðåäåëåíà íà 
îñíîâàíèè òåîðèè ÄËÔÎ [6]. 

Ðàñ÷åò ïîâåðõíîñòíîãî ïîòåíöèàëà ÷àñòèö òâåðäîé ôàçû è 
ïîâåðõíîñòè êëóáêà ôëîêóëÿíòà ïðîèçâîäèëñÿ ñîãëàñíî ìåòîäè-
êàì, ïðèâåäåííûì â ðàáîòàõ [7, 8]. Ðàñ÷åòû ïàðíîé ýíåðãèè 
âçàèìîäåéñòâèÿ óãîëüíîé ÷àñòèöû ñ ìàêðîìîëåêóëîé ôëîêóëÿí-
òà ïîçâîëèëè óñòàíîâèòü, ÷òî âî âñåì èññëåäîâàííîì äèàïàçîíå 
çíà÷åíèé ïîâåðõíîñòíîãî ïîòåíöèàëà φ è çàðÿäîâîé àêòèâíîñòè 
ôëîêóëÿíòà ïîòåíöèàëüíûé áàðüåð ìåæäó íèìè îòñóòñòâóåò. 
Ðàñ÷åòíûå äàííûå ïîçâîëÿþò ñäåëàòü âûâîä î òîì, ÷òî ìàêðî-
ìîëåêóëà ïîëèàêðèëàìèäíîãî ôëîêóëÿíòà ìîæåò ïðèáëèçèòüñÿ ê 
óãîëüíîé ÷àñòèöå íà ðàññòîÿíèå, ñîîòâåòñòâóþùåå òîëùèíå àä-
ñîðáöèîííîé ÷àñòè ÄÝÑ (ïðèìåðíî 5·10—10 ì). 

Äëÿ ïîðîäíûõ ìèêðî÷àñòèö ïîòåíöèàëüíûé áàðüåð âîçíèêà-
åò ïðè çàðÿäîâîé àêòèâíîñòè ôëîêóëÿíòà òîëüêî âûøå îïðåäå-
ëåííîãî ïðåäåëà. Áûëî îïðåäåëåíî, ÷òî ïðè |φ|>75 ìÂ âîç-
íèêàåò ïîòåíöèàëüíûé áàðüåð, ñ óâåëè÷åíèåì âûñîòû êîòîðîãî 
çàìåòíà òåíäåíöèÿ ê óìåíüøåíèþ âåëè÷èíû îðäèíàòû ïîòåí-
öèàëüíîãî ìèíèìóìà. Ñëåäîâàòåëüíî, ñ óâåëè÷åíèåì çíà÷åíèé 
|φ| è çàðÿäîâîé àêòèâíîñòè ôëîêóëÿíòà çàòðóäíÿåòñÿ âçàèìî-
äåéñòâèå ïîðîäíîé ÷àñòèöû ñ ìàêðîìîëåêóëîé ôëîêóëÿíòà. 

Ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ ïî îïðåäåëåíèþ âåëè÷èíû 
ζ-ïîòåíöèàëà äâîéíîãî ýëåêòðè÷åñêîãî ñëîÿ âîêðóã ÷àñòèö óãîëü-
íîé è ïîðîäíîé ôðàêöèé øëàìà ÎÔ «Ðàñïàäñêàÿ» áûëè âûïîë-
íåíû íà êàôåäðå êîëëîèäíîé õèìèè ÐÕÒÓ èì. Ä. È. Ìåíäåëååâà. 
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Âûâîäû 
1. Àíàëèòè÷åñêèé ðàñ÷åò ýíåðãèè ïàðíîãî âçàèìîäåéñòâèÿ 

÷àñòèö òâåðäîé ôàçû ñóñïåíçèé óãîëüíîãî øëàìà ñ ïîëèàêðè-
ëàìèäíûì ôëîêóëÿíòîì ïîçâîëèë óñòàíîâèòü, ÷òî äëÿ óãîëüíûõ 
÷àñòèö ïîòåíöèàëüíûé áàðüåð îòñóòñòâóåò, è ýòî ñïîñîáñòâóåò 
áåñïðåïÿòñòâåííîìó îáðàçîâàíèþ ôëîêóë. Â òî æå âðåìÿ íà-
ëè÷èå ïîòåíöèàëüíîãî áàðüåðà ïîðîäíûõ ÷àñòèö çàòðóäíÿåò 
ïðîöåññ ôëîêóëÿöèè. 

2. Íà ïðèìåðå óãîëüíîãî øëàìà ÎÔ «Ðàñïàäñêàÿ» äîêàçàíà 
ïðèíöèïèàëüíàÿ âîçìîæíîñòü ñåëåêòèâíîãî ðàçäåëåíèÿ óãîëü-
íîé è ïîðîäíîé ôðàêöèé ñ ïðèìåíåíèåì âîäîðàñòâîðèìûõ 
ïðîèçâîäíûõ ïîëèàêðèëàìèäà â êà÷åñòâå ôëîêóëÿíòà. 
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ÑÅËÅÊÒÈÂÍÀß ÔËÎÊÓËßÖÈß ÓÃÎËÜÍÎÃÎ  
ØËÀÌÀ ÍÀ ÎÔ «ÐÀÑÏÀÄÑÊÀß» 

Ðàññìîòðåíû ðåçóëüòàòû ðàáîòû ÎÔ «Ðàñïàäñêàÿ» ïî ïåðåðàáîòêå óãîëü-
íîãî øëàìà ñïîñîáîì ñåëåêòèâíîé ôëîêóëÿöèè. Ïðèâåäåíî îïèñàíèå òåõ-
íîëîãè÷åñêîé ñõåìû ïåðåðàáîòêè óãîëüíûõ øëàìîâ. Ïîêàçàíà ýôôåêòèâ-
íîñòü ïðîöåññà ñåëåêòèâíîé ôëîêóëÿöèè ïî ñðàâíåíèþ ñ ôëîòàöèåé äëÿ 
óãëÿ ìàðêè ÊÆ äîáûâàåìîãî íà ø. Ðàñïàäñêàÿ. 
Êëþ÷åâûå ñëîâà: îáîãàùåíèå óãëÿ, ñåëåêòèâíàÿ ôëîêóëÿöèÿ, óãîëüíûé 
øëàì, ðàäèàëüíûé ñãóñòèòåëü, ôëîêóëÿíò, çîëüíîñòü. 
 

 

 
à òåêóùèé ìîìåíò ÎÔ «Ðàñïàäñêàÿ» ÿâëÿåòñÿ ñàìîé 
ìîùíîé ôàáðèêîé â Ðîññèè ïî ïåðåðàáîòêå êîêñóþ-

ùåãî óãëÿ. Ìîùíîñòü ôàáðèêè ñîñòàâëÿåò 15 ìëí òîíí â ãîä. 
Ôàáðèêà ñîñòîèò èç òðåõ ñåêöèé: ïåðâàÿ è âòîðàÿ ñåêöèÿ áûëè 
çàïóùåíû â ýêñïëóàòàöèþ â íîÿáðå 2005 ãîäà, òðåòüÿ ñåêöèÿ — 
â àâãóñòå 2008 ãîäà. 

Òåõíîëîãè÷åñêîé ñõåìîé ïðåäóñìîòðåíî ðàçäåëåíèå ðÿäî-
âîãî óãëÿ íà ÷åòûðå ìàøèííûõ êëàññà: 

1) Êëàññ 13—150 ìì: 
• îáîãàùåíèå ïðîèçâîäèòñÿ â òÿæåëîñðåäíûõ êîëåñíûõ ñå-

ïàðàòîðàõ; 
• îáåçâîæèâàíèå êëàññà 25—150 ìì íà âèáðàöèîííîì ãðî-

õîòå Òabor, 
• êëàññà 13—25 ìì íà âèáðàöèîííîé öåíòðèôóãå Òåmà. 
2) Êëàññ 1, 3— 13 ìì: 
• îáîãàùåíèå â òÿæåëîñðåäíûõ ãèäðîöèêëîíàõ; 
• îáåçâîæèâàíèå íà âèáðàöèîííîé öåíòðèôóãå Òåmà. 
3) Êëàññ 0,15—1,3 ìì: 
• îáîãàùåíèå â ñïèðàëüíûõ ñåïàðàòîðàõ; 
• îáåçâîæèâàíèå íà îñàäèòåëüíî-ôèëüòðóþùèõ öåíòðèôó-

ãàõ Decanter. 
4) Êëàññ 0—0,15 ìì: 
• äâóõ ñòàäèàëüíîå îñàæäåíèå â ðàäèàëüíûõ ñãóñòèòåëÿõ; 
• îáåçâîæèâàíèå íà ëåíòî÷íûõ ôèëüòð-ïðåññàõ Phoenix. 

Í



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




