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Ìíîãèå òåõíîëîãè÷åñêèå ïðîöåññû ïðè äîáû÷å è ïåðâè÷íîé ïåðåðàáîòêå óãëÿ (ïûëåïîäàâ-

ëåíèå, òàìïîíàæ, ãèäðîðàçðûâ, ìîêðîå îáîãàùåíèå è äð.) çàâèñÿò îò ñìà÷èâàåìîñòè óãîëü-

íîé ïîâåðõíîñòè, îïðåäåëÿåìîé ôèçèêî-õèìè÷åñêèìè ñâîéñòâàìè âçàèìîäåéñòâóþùèõ

ñðåä. Îò ñìà÷èâàåìîñòè ïîâåðõíîñòè ñóùåñòâåííî çàâèñÿò ôèëüòðàöèîííûå ñâîéñòâà òðå-

ùèíîâàòî-ïîðèñòîãî óãîëüíîãî ìàññèâà. Â ðàáîòå ïðåäñòàâëåíû ðåçóëüòàòû èññëåäîâàíèÿ

ñìà÷èâàåìîñòè óãîëüíîé ïîâåðõíîñòè âîäîé è åå ôèëüòðàöèè ÷åðåç ñëîé óãîëüíîãî ïîðîø-

êà. Ïîêàçàíî, ÷òî ïîâûøåííàÿ âëàæíîñòü óãëÿ ñïîñîáñòâóåò óâåëè÷åíèþ ñìà÷èâàþùèõ è

ôèëüòðàöèîííûõ ñâîéñòâ óãîëüíîãî ñëîÿ ïî îòíîøåíèþ ê âîäå áëàãîäàðÿ ñîçäàíèþ ó ïî-

âåðõíîñòè êîíòàêòà ãèäðàòíîé îáîëî÷êè. Óñòàíîâëåíî, ÷òî ñïîñîá ïîäãîòîâêè óãîëüíûõ

ïðîá çíà÷èòåëüíî âëèÿåò íà ôóíêöèîíàëüíûé ñîñòàâ è ãèäðîôèëüíîñòü âíåøíåé ïîâåðõ-

íîñòè óãîëüíûõ ÷àñòèö. Èçìåëü÷åíèå óãëÿ â ïðèñóòñòâèè êèñëîðîäà âîçäóõà ñïîñîáñòâóåò

îáðàçîâàíèþ íà ïîâåðõíîñòè óãîëüíûõ ÷àñòèö ïîëÿðíûõ êèñëîðîäíûõ ãðóïï (ãèäðîêñèëü-

íûõ, êàðáîêñèëüíûõ), ÷òî ïðèâîäèò ê ïîâûøåíèþ ãèäðîôèëüíîñòè è ôèëüòðàöèîííûõ

ñâîéñòâ óãëÿ. Ïîëó÷åííûå ðåçóëüòàòû ìîãóò áûòü èñïîëüçîâàíû äëÿ ïðîãíîçà ñìà÷èâàåìî-

ñòè óãëåé òåõíîëîãè÷åñêèìè æèäêîñòÿìè, ñîâåðøåíñòâîâàíèÿ òåõíîëîãèé äîáû÷è, îáîãà-

ùåíèÿ è ïåðåðàáîòêè óãëåé.
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Many technological processes occurred upon the extraction and primary processing of coal (dust suppres-

sion, grouting, hydraulic fracturing, wet enrichment, etc.) depend on the wettability of the coal surface,

determined by the physicochemical properties of the interacting media. The filtration properties of a frac-

tured-porous coal massif significantly depend on the wettability of the surface. We present the results of

studying the wettability of the coal surface with water and its filtration through a layer of coal powder. It is

shown that the increased humidity of coal contributes to an increase in the wetting and filtration proper-

ties of the coal layer in relation to water due to the creation of a hydrate shell at the contact surface. It is

revealed that the method of coal sample preparation significantly affects the functional composition and

hydrophilicity of the outer surface of coal particles. Grinding coal in the presence of oxygen in air contrib-

utes to the formation of polar oxygen groups (hydroxyl, carboxyl) on the surface of coal particles, which

leads to an increase in the hydrophilicity and filtration properties of coal. The results obtained can be used
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to predict the wettability of coals with process fluids, to improve technologies for mining, enrichment and

processing of coals.

Keywords: coal; laboratory sample preparation; fractional composition; moisture; oxidation; surface

hydrophobicity; wettability; filtration.

Ââåäåíèå

Âîñòðåáîâàííîñòü çíàíèé â îáëàñòè ñìà÷è-

âàåìîñòè ïîâåðõíîñòè óãëåé îáóñëîâëåíà çàâèñè-

ìîñòüþ áîëüøèíñòâà òåõíîëîãè÷åñêèõ ïðîöåññîâ,

ñâÿçàííûõ ñ äîáû÷åé (ïûëåïîäàâëåíèå, òàìïî-

íàæ è äð.) è ïåðâè÷íîé ïåðåðàáîòêîé óãëåé (ìîê-

ðîå îáîãàùåíèå), îò ôèçèêî-õèìè÷åñêèõ ñâîéñòâ

âíåøíåé ïîâåðõíîñòè [1 – 6]. Ïðè íàõîæäåíèè

óãëÿ â åñòåñòâåííîé ñðåäå óãîëüíûå ïëàñòû ïîä-

âåðãàþòñÿ ôèëüòðàöèè ïðèðîäíûìè ìèíåðàëè-

çîâàííûìè âîäàìè, à ïðè äîáû÷å è âñêðûòèè

óãîëüíûõ ìàññèâîâ äëÿ ïîâûøåíèÿ ãàçîîòäà÷è,

ïðåäîòâðàùåíèÿ âçðûâîâ óãîëüíîé ïûëè, ïðî-

öåññîâ îêèñëåíèÿ è ñàìîâîçãîðàíèÿ èñïîëüçóþò

õèìè÷åñêè àêòèâíûå òåõíîëîãè÷åñêèå æèäêîñòè

[1 – 3, 7 – 12]. Ôèëüòðàöèÿ ïîäîáíûõ äèñïåðñè-

îííûõ ñðåä â òðåùèíîâàòî-ïîðèñòóþ ìàññó óãëÿ

íàïðÿìóþ ñâÿçàíà ñî ñìà÷èâàåìîñòüþ ïîâåðõíî-

ñòè, êîòîðàÿ îïðåäåëÿåòñÿ ñòåïåíüþ åå ãèäðîôîá-

íîñòè [6].

Ñìà÷èâàåìîñòü ïîâåðõíîñòè óãëÿ çàâèñèò îò

ìíîæåñòâà ôàêòîðîâ. Â ïåðâóþ î÷åðåäü íà ãèäðî-

ôîáíîñòü èëè, íàïðîòèâ, ãèäðîôèëüíîñòü ïî-

âåðõíîñòè âëèÿþò îñîáåííîñòè õèìè÷åñêîãî ñî-

ñòàâà îðãàíè÷åñêîé ìàññû óãëÿ (ÎÌÓ), âêëþ÷àþ-

ùåé ïîëÿðíûå ãåòåðîàòîìû êèñëîðîäà, àçîòà è

ñåðû. Íåìàëîâàæíîå çíà÷åíèå èìåþò ìèíåðàëü-

íûå âêëþ÷åíèÿ, ðàçëè÷àþùèåñÿ ïî ñòåïåíè ãèä-

ðîôèëüíîñòè è õàðàêòåðó äèñïåðãèðîâàíèÿ, à

òàêæå ôèçè÷åñêèå ñâîéñòâà ïîâåðõíîñòè è îáú-

åìà óãëåé (ïîðèñòîñòü, ëîêàëüíûå äåôåêòû, òðå-

ùèíû, øåðîõîâàòîñòü è äð.) [6]. Ïîìèìî ýòîãî,

ïîä âëèÿíèåì âíåøíèõ ôàêòîðîâ (àòìîñôåðíîãî

îêèñëåíèÿ) íà óãîëüíîé ïîâåðõíîñòè âîçìîæíî

ôîðìèðîâàíèå íîâûõ ôóíêöèîíàëüíûõ ãðóïï,

âñëåäñòâèå ÷åãî ñâîéñòâà êîíòàêòèðîâàâøåãî ñ

âîçäóõîì âíåøíåãî ñëîÿ óãëÿ ñòàíîâÿòñÿ îòëè÷-

íûìè îò ñâîéñòâ ïîâåðõíîñòè íå êîíòàêòèðîâàâ-

øåãî ñ âîçäóõîì (íàòèâíîãî) óãëÿ [12, 13].

Öåëü ðàáîòû — èññëåäîâàíèå âëèÿíèÿ óñëî-

âèé ïðîáîïîäãîòîâêè íà ñìà÷èâàíèå óãîëüíîé

ïîâåðõíîñòè âîäîé è åå ôèëüòðàöèþ ÷åðåç ïîðèñ-

òûé ñëîé óãëÿ.

Ìàòåðèàëû, ìåòîäèêà, îáîðóäîâàíèå

Èññëåäîâàëè îáðàçöû íèçêîìåòàìîðôèçîâàí-

íîãî óãëÿ ìàðêè Ä (äëèííîïëàìåííûé) Êàí-

ñêî-À÷èíñêîãî ìåñòîðîæäåíèÿ (Õàêàñèÿ). Õàðàê-

òåðèñòèêè óãëÿ, %: âëàãà îáùàÿ Wr — 9,5; âëàãà

àíàëèòè÷åñêàÿ Wa — 3,8; çîëüíîñòü Ad — 6,5. Âû-

áîð íèçêîìåòàìîðôèçîâàííîãî óãëÿ äëÿ îöåíêè

ñìà÷èâàåìîñòè è ôèëüòðàöèîííûõ ñâîéñòâ îáó-

ñëîâëåí ïîâûøåííîé åñòåñòâåííîé ãèäðîôèëü-

íîñòüþ åãî ïîâåðõíîñòè çà ñ÷åò íàëè÷èÿ â ÎÌÓ

ïîëÿðíûõ ïåðèôåðèéíûõ êèñëîðîäñîäåðæàùèõ

ãðóïï (OH + COOH).

Äëÿ ñðàâíèòåëüíîãî àíàëèçà ôèëüòðàöèîí-

íûõ ñâîéñòâ íàòèâíîãî è ïîâåðõíîñòíî-îêèñëåí-

íîãî óãëÿ èñïîëüçîâàëè ñïîñîá áåñêîíòàêòíûõ ñ

âîçäóõîì äîñòàâêè, ðàçäåëêè è õðàíåíèÿ îáðàç-

öîâ. Ïðîáó óãëÿ îòáèðàëè ñî ñâåæåîáíàæåííîé

ïîâåðõíîñòè óãîëüíîãî ïëàñòà â âèäå êðóïíûõ

êóñêîâ (250 – 300 ìì). Îáðàçöû ïîìåùàëè â ãåð-

ìåòè÷íî çàêðûâàþùèéñÿ, çàïîëíåííûé èíåðò-

íûì ãàçîì ïëàñòèêîâûé êîíòåéíåð. Òàêèì îáðà-

çîì îáåñïå÷èâàëè ìèíèìàëüíûé êîíòàêò óãëÿ ñ

àòìîñôåðíûì êèñëîðîäîì è èñêëþ÷àëè íåêîí-

òðîëèðóåìîå îêèñëåíèå îñíîâíîé ìàññû îòîáðàí-

íîé ïðîáû.

Ïðè äîñòàâêå â ëàáîðàòîðèþ êîíòåéíåð ñ óã-

ëåì ÷åðåç ïðèåìíûé øëþç ïîìåùàëè â çàïîë-

íåííûé èíåðòíûì ãàçîì (àçîò îñîáîé ÷èñòîòû ÒÓ

2114-003-05758954–2007) ãåðìåòè÷íûé ïåð÷àòî÷-

íûé áîêñ. Â áîêñå ïðîâîäèëè ðàñïàêîâêó êîíòåé-

íåðà è âñå ïîäãîòîâèòåëüíûå îïåðàöèè äëÿ ïî-

ñëåäóþùèõ èññëåäîâàíèé íàòèâíîãî óãëÿ: îòêà-

ëûâàíèå ñ ïîâåðõíîñòè êóñêîâ ñëîÿ êîíòàêòèðî-

âàâøåãî ñ âîçäóõîì óãëÿ, ñóøêó è óäàëåíèå èçáû-

òî÷íîé âëàãè, èçìåëü÷åíèå, ðàññåâ ïî êëàññàì

êðóïíîñòè, âçâåøèâàíèå, ñìåøèâàíèå ïîðîøêà

óãëÿ ñ KBr äëÿ ÈÊ-ñïåêòðàëüíîãî àíàëèçà, óïà-

êîâêó îáðàçöîâ â àìïóëû è ãåðìåòè÷íóþ òàðó äëÿ

äàëüíåéøèõ èñïûòàíèé è äð.

Îòäåëåííûå ñ âíåøíèõ òîðöîâ ìîíîëèòíûõ

êóñêîâ ñëîè óãëÿ èçâëåêàëè èç ïåð÷àòî÷íîãî áîê-

ñà è èñïîëüçîâàëè äëÿ ïðîáîïîäãîòîâêè â óñëîâè-

ÿõ âîçäóøíîé àòìîñôåðû ëàáîðàòîðèè, áëèçêîé ê

ñòàíäàðòíîé (T = 20 ± 5 °C, âëàæíîñòü âîçäóõà

60 ± 2 %, ÃÎÑÒ 8719–90). Âëàæíîñòü ïðîáû îï-

ðåäåëÿëè ñîãëàñíî ÃÎÑÒ 3350302015 (ISO

11722:2013, ISO 5068-2:2007).

Êèñëîðîäñîäåðæàùèå ãðóïïû àíàëèçèðîâàëè

pH-ìåòðè÷åñêèì ìåòîäîì (pH-ìåòð 150ÌÈ): ñóì-

ìàðíóþ êèñëîòíîñòü (OH + COOH) — èîííûì

îáìåíîì ñ ãèäðîêñèäîì íàòðèÿ, êàðáîíèëüíûå —

ïî ðåàêöèè ñ ãèäðîêñèëàìèíîì ñîëÿíîêèñëûì.

ÈÊ-ñïåêòðû ðåãèñòðèðîâàëè íà Ôóðüå-

ñïåêòðîìåòðå «Ëþìåêñ Èíôðàëþì ÔÒ-08» ñ ïðè-

ñòàâêîé äèôôóçíîãî îòðàæåíèÿ PIKE Easydiff

â äèàïàçîíå 400 – 4000 ñì–1. ÈÊ-ñïåêòðàëüíûé

ïàðàìåòð HI (èíäåêñ ãèäðîôèëüíîñòè) ðàññ÷è-
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òûâàëè ïî îòíîøåíèþ ñóììû èíòåíñèâíîñòåé

ïîëîñ ïîãëîùåíèÿ ãèäðîêñèëüíûõ (3400 ñì–1) è

êàðáîêñèëüíûõ (1710 ñì–1) ãðóïï ê ñóììå èíòåí-

ñèâíîñòåé ïîëîñ ïîãëîùåíèÿ CH-àðîìàòè÷åñêèõ

(3040 ñì–1) è CHx-àëèôàòè÷åñêèõ (2920 ñì–1)

ãðóïï (HI = (2D3400 + D1710)/(D3040 + D2920)) [5].

Ïîðèñòóþ ñòðóêòóðó óãëåé èññëåäîâàëè ìåòî-

äîì íèçêîòåìïåðàòóðíîé àäñîðáöèè àçîòà íà îáú-

åìíîé âàêóóìíîé ñòàòè÷åñêîé óñòàíîâêå Sorbi

(Ðîññèÿ) äëÿ èçìåðåíèÿ óäåëüíîé ïîâåðõíîñòè

äèñïåðñíûõ è ïîðèñòûõ ìàòåðèàëîâ ïóòåì ñðàâ-

íåíèÿ îáúåìîâ ãàçà-àäñîðáàòà, ñîðáèðóåìîãî èñ-

ñëåäóåìûì îáðàçöîì è ñòàíäàðòíûì îáðàçöîì

ìàòåðèàëà ñ èçâåñòíîé óäåëüíîé ïîâåðõíîñòüþ.

Â êà÷åñòâå ãàçà-àäñîðáàòà èñïîëüçîâàëè àçîò,

ãàç-íîñèòåëü — ãåëèé. Âåëè÷èíó óäåëüíîé ïî-

âåðõíîñòè óãëåé ïîëó÷àëè èç àíàëèçà èçîòåðì

àäñîðáöèè-äåñîðáöèè àçîòà ïðè òåìïåðàòóðå

–196 °C. Äëÿ îïðåäåëåíèÿ óäåëüíîé ïîâåðõíîñòè

èñïîëüçîâàëè ìîäåëü Brunauer-Emmett-Teller

(BEÒ) [14]. Ïðåäåë äîïóñêàåìîé îòíîñèòåëü-

íîé ïîãðåøíîñòè èçìåðåíèÿ óäåëüíîé ïîâåðõ-

íîñòè — ±5 % îòí.

Ñìà÷èâàåìîñòü ïîâåðõíîñòè óãëÿ îöåíèâàëè

ñ ïîìîùüþ îïðåäåëåíèÿ êðàåâîãî óãëà ñìà÷èâà-

íèÿ è ïîâåðõíîñòè ïî êàïëå æèäêîñòè ñ ïðèìåíå-

íèåì ìèêðîñêîïà ñ êàìåðîé âûñîêîãî ðàçðåøå-

íèÿ è ïðîåöèðîâàíèåì èçîáðàæåíèÿ íà ýêðàíå

êîìïüþòåðà [15], à òàêæå ïîñðåäñòâîì îïðåäåëå-

íèÿ ñêîðîñòè ôèëüòðàöèè æèäêîñòè ÷åðåç óãîëü-

íûé ïîðîøîê ïðè íåïðåðûâíîì ïîâûøåíèè äàâ-

ëåíèÿ íà ãðàíèöå æèäêîñòü — ãàç â ñëîå óãëÿ.

Äëÿ îïðåäåëåíèÿ óãëà è èñïîëüçîâàëè ñïîñîá

ïðèãîòîâëåíèÿ ïîâåðõíîñòè îáðàçöà óãëÿ ïðåñ-

ñîâàíèåì ïîðîøêîîáðàçíîé ïðîáû. Äàííûé

ñïîñîá ïîäãîòîâêè óãëÿ îñíîâàí íà åãî ìåõàíè÷å-

ñêîì èçìåëü÷åíèè äî ïîðîøêîîáðàçíîãî ñîñòîÿ-

íèÿ ñ ïîñëåäóþùèì ïðåññîâàíèåì ïîä äàâëåíèåì

700 ÌÏà â áðèêåò öèëèíäðè÷åñêîé ôîðìû (äèà-

ìåòð — 10, âûñîòà — 5 ìì). Äëÿ ïîäãîòîâêè áðè-

êåòîâ èñïîëüçîâàëè óãîëüíûå ôðàêöèè ñ ðàçìå-

ðîì ÷àñòèö <0,1 ìì. Óãîëüíûé áðèêåò çàêðåïëÿ-

ëè íà ïðåäìåòíîì ñòåêëå, ãîðèçîíòàëüíî âûðàâ-

íèâàëè è ÷åðåç êàïèëëÿð ïîäâîäèëè ê èññëåäó-

åìîé ïîâåðõíîñòè êàïëþ æèäêîñòè. Ðàâíîâåñíóþ

ôîðìó è êðàåâîé óãîë ñöåïëåíèÿ êàïëè ñ ïîâåðõ-

íîñòüþ óãëÿ è ðåãèñòðèðîâàëè ñ ïîìîùüþ ìèêðî-

ñêîïà, ñíàáæåííîãî âèäåîêàìåðîé, è äàëåå ðàñ-

ñ÷èòûâàëè ñ èñïîëüçîâàíèåì ïðîãðàììíîãî îáåñ-

ïå÷åíèÿ. Äëÿ âîñïðîèçâîäèìîñòè ðåçóëüòàòîâ èñ-

ïîëüçîâàëè íå ìåíåå ïÿòè îáðàçöîâ óãëÿ è ìíîãî-

êðàòíîå çàêðåïëåíèå êàïëè. Îòíîñèòåëüíàÿ

îøèáêà îïðåäåëåíèÿ äëÿ ðàçíûõ ñïîñîáîâ ïîäãî-

òîâêè ïîâåðõíîñòè ñîñòàâëÿëà 5 – 10 %.

Êðàåâîé óãîë ñìà÷èâàíèÿ è — êîëè÷åñòâåí-

íàÿ õàðàêòåðèñòèêà ñìà÷èâàåìîñòè ïîâåðõíî-

ñòè — îòñ÷èòûâàåòñÿ îò êàñàòåëüíîé ê ñâîáîäíîé

ïîâåðõíîñòè æèäêîñòè, ïðîâåäåííîé â òî÷êå ðàç-

äåëà òðåõ ôàç (æèäêîé, ãàçîîáðàçíîé, òâåðäîé) â

ñòîðîíó æèäêîñòè (ðèñ. 1) [6, 16]. Êàïëÿ æèäêî-

ñòè, íàõîäÿùàÿñÿ íà ãðàíèöå ãàç — òâåðäîå òåëî,

âûòåñíÿåò ñ ïîâåðõíîñòè óãëÿ ïðîñëîéêó âîçäóõà

è îáðàçóåò ñôåðè÷åñêóþ ôîðìó (ãèäðîôîáíàÿ ïî-

âåðõíîñòü) (ðèñ. 2) èëè ðàñòåêàåòñÿ (ãèäðîôèëü-

íàÿ ïîâåðõíîñòü).

Â ñâÿçè ñ òåõíè÷åñêîé ñëîæíîñòüþ îïðåäåëå-

íèÿ êðàåâîãî óãëà ïî ïðåäëàãàåìîé ìåòîäèêå äëÿ

íàòèâíûõ óãëåé ñðàâíèòåëüíóþ îöåíêó ñìà÷è-

âàåìîñòè èõ ïîâåðõíîñòè ïðîâîäèëè êîñâåííûì

ñïîñîáîì ïî ñêîðîñòè ôèëüòðàöèè âîäû ÷åðåç ïî-

ðèñòûé ñëîé óãëÿ. Ïðè òàêèõ èçìåðåíèÿõ êîí-

òàêò îáðàçöîâ óãëÿ ñ âîçäóõîì ìèíèìàëåí.

Îöåíêó ôèëüòðàöèîííûõ ñâîéñòâ îñóùåñòâ-

ëÿëè ïðè ïîñòîÿííîì èçìåíåíèè äàâëåíèÿ íà

ãðàíèöå æèäêîñòü — ãàç â ñëîå óãëÿ [16]. Ïîðî-

øîê óãëÿ (ìàññà — 25 ã) ðàçìåùàëè â âåðòèêàëü-

íîé òðóáêå (äèàìåòð — 40 ìì), ñîîáùàþùåéñÿ

òîíêèì ãèáêèì øëàíãîì ñ åìêîñòüþ, çàïîëíåí-

íîé ôèëüòðóåìîé æèäêîñòüþ (ðèñ. 3). Ïîñêîëüêó

âèçóàëüíî îöåíèòü âûñîòó ñìà÷èâàíèÿ ÷åðíîãî

ïîðîøêà óãëÿ âîäîé çàòðóäíèòåëüíî, îöåíèâàëè
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Ðèñ. 1. Óãîë ñìà÷èâàåìîñòè ïîâåðõíîñòè óãëÿ è

Fig. 1. The wettability angle of the coal surface è

Ðèñ. 2. Êàïëÿ æèäêîñòè íà ãèäðîôîáíîé ïîâåðõíîñòè

óãîëüíîãî áðèêåòà

Fig. 2. A drop of liquid on the hydrophobic surface of a coal

briquette



íå âûñîòó ïîäúåìà æèäêîñòè â ñëîå óãëÿ, à óâåëè-

÷åíèå ìàññû ïðîáû óãîëüíîãî ïîðîøêà.

Ìàññà m æèäêîñòè, âïèòûâàåìîé èññëåäóå-

ìûì ìàòåðèàëîì â åäèíèöó âðåìåíè t, îïðåäåëÿ-

åòñÿ ñëåäóþùèì îáðàçîì [17]:

m
c

t
l

l

2

2

�

� � �

�

æã cos
,

ãäå c = å
2S2Rp — ãåîìåòðè÷åñêàÿ ïåðåìåííàÿ

(S — ïëîùàäü ïîïåðå÷íîãî ñå÷åíèÿ ñëîÿ ïîðîø-

êà; Rp — ðàäèóñ ÷àñòèöû ïîðîøêà; å — ïîðèñ-

òîñòü ñëîÿ); ñl — ïëîòíîñòü æèäêîñòè; óæã — ìåæ-

ôàçíîå íàòÿæåíèå íà ãðàíèöå æèäêîñòü — ãàç;

ìl — êîýôôèöèåíò äèíàìè÷åñêîé âÿçêîñòè æèä-

êîñòè.

Òàêèì îáðàçîì, ñêîðîñòü óâåëè÷åíèÿ ìàññû

ïîðîøêà (àíàëîãè÷íî âûñîòå âïèòûâàåìîãî ñëîÿ

æèäêîñòè) áóäåò êîððåëèðîâàòü ñ óãëîì ñìà÷èâà-

íèÿ è.

Íàïîðíîå äàâëåíèå ôèëüòðóåìîé æèäêîñòè

íåïðåðûâíî ïîâûøàëè ñî ñêîðîñòüþ 10 ìì âîä.

ñò./ìèí. Èçìåðåíèÿ ìàññû óãëÿ ïðè íàñûùåíèè

æèäêîñòüþ ðåãèñòðèðîâàëè äî äîñòèæåíèÿ ïîñòî-

ÿííîé ñêîðîñòè èçìåíåíèÿ ìàññû ëèáî äî ïîëíî-

ãî åãî ñìà÷èâàíèÿ (ïðîñà÷èâàíèå æèäêîñòè íàä

ïîâåðõíîñòüþ ïîðîøêà). Ôèëüòðàöèþ æèäêîñòè

÷åðåç ñëîé óãëÿ îñóùåñòâëÿëè íåïîñðåäñòâåííî

ïîñëå èçìåëü÷åíèÿ ïðîáû â èíåðòíîé èëè âîç-

äóøíîé ñðåäå.

Ïðè ôèëüòðàöèè æèäêîñòè ÷åðåç ñëîé íå-

ïðåññîâàííîãî ïîðîøêà ïîðû ìåæäó ÷àñòèöàìè

ðàññìàòðèâàþòñÿ êàê ñèñòåìà òîíêèõ êàïèëëÿ-

ðîâ. Ïðè ýòîì êàïèëëÿðíîå äàâëåíèå â ñëîå îïðå-

äåëÿåòñÿ ñîãëàñíî óðàâíåíèþ Ëàïëàñà [18]:

� �P
r

P

p

� �

2� �æã cos
,

ãäå ÄP — íàïîðíîå äàâëåíèå æèäêîñòè; �P —

ãèäðàâëè÷åñêîå ñîïðîòèâëåíèå; rp — ñðåäíèé ðà-

äèóñ ïîð.

Â ñëó÷àå ãèäðîôîáíîñòè ïîâåðõíîñòè ÷àñòèö

ïðè îòñóòñòâèè íàïîðíîãî äàâëåíèÿ âîäà íå ïðî-

íèêàåò â ñëîé ïîðîøêà. Ìîìåíò ïðåîäîëåíèÿ êà-

ïèëëÿðíîãî ñîïðîòèâëåíèÿ, îáóñëîâëåííîãî ñòå-

ïåíüþ ãèäðîôîáíîñòè ìàòåðèàëà ïîðîøêà, îïðå-

äåëÿåò íà÷àëüíûé ãðàäèåíò íàïîðà ÄPí (ïîðîãî-

âîå çíà÷åíèå äàâëåíèÿ æèäêîñòè) (ðèñ. 4). Åñëè

óñëîâèÿ ýêñïåðèìåíòà (êðóïíîñòü ÷àñòèö, ðàâíî-

ìåðíîñòü çàñûïêè è óïëîòíåíèÿ, âûñîòà ñëîÿ è

äð.) ïîñòîÿííû, òî ìîæíî ñ÷èòàòü ÄP � a cos è,

ãäå a = const. Òàêèì îáðàçîì, íà÷àëüíûé ãðàäè-

åíò íàïîðà ÄPí íàðÿäó ñî ñêîðîñòüþ óâåëè÷åíèÿ

ìàññû ïîðîøêà áóäåò êîððåëèðîâàòü ñî çíà÷åíè-

åì óãëà è.

Ïîñëå íà÷àëà ïðîñà÷èâàíèÿ íà÷èíàþò îäíî-

âðåìåííî äåéñòâîâàòü êàïèëëÿðíîå è ãèäðàâëè-

÷åñêîå ñîïðîòèâëåíèÿ ñëîÿ. Ãèäðàâëè÷åñêîå ñî-

ïðîòèâëåíèå ìîæíî ïðåäñòàâèòü ëèíåéíûì çàêî-

íîì Äàðñè: vôèëüò � b(ÄP/h), ãëå vôèëüò — ñêîðîñòü

ôèëüòðàöèè; ÄP — íàïîðíîå äàâëåíèå; h — âû-

ñîòà ñëîÿ; b = const. Ïîñêîëüêó â íàøåì ñëó÷àå

íàïîðíîå äàâëåíèå è âûñîòà ñìî÷åííîãî ñëîÿ ïî-

ðîøêà îäíîâðåìåííî óâåëè÷èâàþòñÿ, ìîæíî

ïðåäïîëîæèòü íà îïðåäåëåííîì ó÷àñòêå ýêñïåðè-

ìåíòàëüíîé êðèâîé áëèçêóþ ê ëèíåéíîé çàâèñè-

ìîñòü ñêîðîñòè ïîãëîùåíèÿ æèäêîñòè ñëîåì ïî-

ðîøêà îò íàïîðíîãî äàâëåíèÿ. Íàêëîí ïðÿìîé, â
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Ðèñ. 3. Ñõåìà óñòàíîâêè äëÿ îïðåäåëåíèÿ ñìà÷èâàåìî-

ñòè ïîâåðõíîñòè ôèëüòðîâàíèåì æèäêîñòè ÷åðåç ñëîé

óãëÿ

Fig. 3. Setup for determining the wettability of the surface

by filtering liquid through a layer of coal
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Ðèñ. 4. Çàâèñèìîñòü ïðèðîñòà ìàññû óãîëüíîãî ïîðîøêà

m îò íàïîðíîãî äàâëåíèÿ âîäû ÄP

Fig. 4. The dependence of the increment m of the coal pow-

der mass on water pressure ÄP



ñâîþ î÷åðåäü, áóäåò òàêæå îïðåäåëÿòüñÿ ñìà÷è-

âàþùèìè ñâîéñòâàìè ïîâåðõíîñòè ìàòåðèàëà.

Ïî ðåçóëüòàòàì èçìåðåíèÿ ñêîðîñòè ôèëüò-

ðàöèè æèäêîñòè ÷åðåç ñëîé ïîðîøêà âîçìîæíà

ñðàâíèòåëüíàÿ îöåíêà ñìà÷èâàåìîñòè ïîâåðõíî-

ñòè ðàçëè÷íûõ îáðàçöîâ. Îäíàêî íàèáîëåå èí-

ôîðìàòèâíûì äëÿ îöåíêè ñìà÷èâàþùèõ ñâîéñòâ

ïîâåðõíîñòè, ïî-âèäèìîìó, ñëåäóåò ñ÷èòàòü íà-

÷àëüíûé ó÷àñòîê ýêñïåðèìåíòàëüíîé êðèâîé ñêî-

ðîñòè ôèëüòðàöèè (îáëàñòü êàïèëëÿðíîãî ñîïðî-

òèâëåíèÿ) (ñì. ðèñ. 4).

Äëÿ ïîëó÷åíèÿ âîñïðîèçâîäèìûõ ðåçóëüòà-

òîâ ïîâòîðÿåìîñòü îïûòîâ ñîñòàâëÿëà íå ìåíåå

ïÿòè ðàç. Ðàñõîæäåíèå ïàðàëëåëüíûõ ýêñïåðè-

ìåíòîâ ïðè ñîáëþäåíèè ïîñòîÿíñòâà ïàðàìåòðîâ

ïðîáû íå ïðåâûøàëî 7 % îòí.

Ôèëüòðàöèîííûå ñâîéñòâà óãîëüíûõ ïîðîø-

êîâ îöåíèâàëè íà îñíîâàíèè ðàñ÷åòà ñëåäóþùèõ

ïàðàìåòðîâ: íà÷àëüíîãî ãðàäèåíòà íàïîðà æèä-

êîñòè ÄPí è ñðåäíåé ñêîðîñòè óâåëè÷åíèÿ ìàññû

ïîðîøêà íà åäèíèöó ïëîùàäè ïîïåðå÷íîãî ñå÷å-

íèÿ åãî ñëîÿ vñð â íà÷àëüíûé ïåðèîä äåéñòâèÿ êà-

ïèëëÿðíîãî ñîïðîòèâëåíèÿ ñëîÿ ( )vñð
1 è ïîñëå ïðå-

îäîëåíèÿ ÄPí ( ).vñð
2 Ñðåäíþþ ñêîðîñòü äëÿ êàæ-

äîé îáëàñòè ñîïðîòèâëåíèÿ ñëîÿ ðàññ÷èòûâàëè

êàê òàíãåíñ óãëà íàêëîíà êàñàòåëüíîé ê ýêñïåðè-

ìåíòàëüíîé êðèâîé.

Îáñóæäåíèå ðåçóëüòàòîâ

Ñêîðîñòü ôèëüòðàöèè æèäêîñòè â ñëîå ïî-

ðîøêà âî ìíîãîì îïðåäåëÿåòñÿ ñòåïåíüþ óïëîò-

íåíèÿ è ðàçìåðîì ÷àñòèö. Äëÿ îöåíêè âëèÿíèÿ

ôðàêöèîííîãî ñîñòàâà óãîëüíûõ ÷àñòèö íà ñìà-

÷èâàåìîñòü óãîëüíîãî ñëîÿ âîäîé èñïûòûâàëè ñå-

ðèþ îáðàçöîâ óãëÿ ìàðêè Ä ñ ðàçìåðîì ÷àñòèö

<0,1, 0,1 – 0,2, 0,2 – 0,5 è 0,5 – 1 ìì.

Íà÷àëüíàÿ ôàçà ôèëüòðàöèè âîäû ÷åðåç ïî-

ðèñòûé ñëîé óãëÿ ïðè îòñóòñòâèè èëè ìàëûõ çíà-

÷åíèÿõ íàïîðíîãî äàâëåíèÿ õàðàêòåðèçóåòñÿ

íèçêîé ñêîðîñòüþ, ïîñêîëüêó îñóùåñòâëÿåòñÿ ïî-

ñðåäñòâîì êàïèëëÿðíûõ ñèë. Äàëüíåéøåå ïðî-

äâèæåíèå âîäû ÷åðåç óãîëüíûé ñëîé ïðîèñõîäèò

áëàãîäàðÿ ðîñòó íàïîðíîãî äàâëåíèÿ. Èíòåíñèâ-

íîñòü ôèëüòðàöèè âîäû âîçðàñòàåò ñ ïîâûøåíè-

åì êðóïíîñòè óãîëüíûõ ÷àñòèö (áîëåå 0,1 –

0,2 ìì) â ñîîòâåòñòâèè ñ óâåëè÷åíèåì ðàçìåðîâ

ñâîáîäíîãî ïðîñòðàíñòâà ìåæäó íèìè (ðèñ. 5, à).

Íà÷àëüíûé ãðàäèåíò äàâëåíèÿ ïðè ýòîì —

20 – 40 ìì âîä. ñò.

Â òàáë. 1 ïðèâåäåíà ñðåäíÿÿ ñêîðîñòü ôèëüò-

ðàöèè â çàâèñèìîñòè îò ôðàêöèîííîãî ñîñòàâà.

Âèäíî, ÷òî íàèìåíüøèå èíòåíñèâíîñòü è ñêî-

ðîñòü ñìà÷èâàíèÿ íà íà÷àëüíîì ýòàïå ïðîöåññà è

äàëåå õàðàêòåðíû äëÿ ìåëêîäèñïåðñíîé ôðàêöèè

êðóïíîñòüþ <0,1 ìì. Äëÿ ðàçâèòèÿ ïðîöåññà

ôèëüòðàöèè âîäû ïðè äàííîì ðàçìåðå ÷àñòèö

òðåáóåòñÿ íà÷àëüíîå ãèäðîñòàòè÷åñêîå äàâëåíèå

ÄPí = 150 ìì âîä. ñò., ÷òî â 3,8 – 7,5 ðàçà âûøå,

÷åì äëÿ ñëîÿ, ñëîæåííîãî èç áîëåå êðóïíûõ ÷àñ-
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Ðèñ. 5. Çàâèñèìîñòè èçìåíåíèÿ ìàññû óãîëüíîãî ïîðîø-

êà îò íàïîðíîãî äàâëåíèÿ âîäû äëÿ ôðàêöèé <0,1 (1),

0,1 – 0,2 (2), 0,2 – 0,5 (3), 0,5 – 1,0 ìì (4) (à), îáðàçöîâ 1 – 4

(ñì. òàáë. 2) (á), ñëîÿ ïîðîøêà íàòèâíîãî (1) è ïîâåðõíîñò-

íî-îêèñëåííîãî (2) óãëÿ (â)

Fig. 5. Dependence of the change in the mass of coal pow-

der on the water pressure for fractions <0. 1 (1), 0. 1 – 0. 2

(2), 0. 2 – 0. 5 (3), 0. 5 – 1.0 mm (4) (a), samples 1 – 4

(Table 2) (b), a layer of native (1) and surface oxidized (2)

coal powder (c)



òèö. Íèçêàÿ ïðîíèöàåìîñòü ïîðîøêà ìåëêîäèñ-

ïåðñíûõ ÷àñòèö óãëÿ â äàííîì ñëó÷àå îáóñëîâëå-

íà ïëîòíîé óïàêîâêîé ñëîÿ, ïðè êîòîðîé ìèêðîí-

íûå ÷àñòèöû ïûëè çàïîëíÿþò ñâîáîäíîå ïðî-

ñòðàíñòâî ìåæäó áîëåå êðóïíûìè çåðíàìè.

Èçó÷åíèå äèíàìèêè ôèëüòðàöèè âîäû ÷åðåç

ñëîé óãëÿ, ïðåäñòàâëåííîãî ÷àñòèöàìè ðàçëè÷-

íûõ êëàññîâ êðóïíîñòè, ïîêàçûâàåò, ÷òî èñïîëü-

çîâàíèå îñîáî ìåëêèõ ÷àñòèö (<0,1 ìì) òðåáóåò

âûñîêîãî ãèäðîñòàòè÷åñêîãî íàïîðà, ÷òî óâåëè-

÷èâàåò ïðîäîëæèòåëüíîñòü ôèëüòðàöèè, à ñëîé

èç îòíîñèòåëüíî êðóïíûõ óãîëüíûõ çåðåí

(>0,2 ìì) èìååò âûñîêóþ ïðîíèöàåìîñòü âñëåä-

ñòâèå íàëè÷èÿ ïóñòîò, ñîïîñòàâèìûõ ñ ðàçìåðàìè

÷àñòèö. Ïîýòîìó äëÿ äàëüíåéøèõ èññëåäîâàíèé

ôèëüòðàöèè èñïîëüçîâàëè ðàçìåð ÷àñòèö

0,1 – 0,2 ìì.

Ïîâûøåííàÿ âëàæíîñòü óãîëüíûõ ÷àñòèö

îáóñëàâëèâàåò èñõîäíóþ ãèäðàòàöèþ ïîâåðõ-

íîñòè — íàëè÷èå âáëèçè íåå àäñîðáöèîííîãî

ñëîÿ, óäåðæèâàþùåãî äèïîëüíî îðèåíòèðîâàí-

íûå ìîëåêóëû âîäû. Íàëè÷èå àäñîðáöèîííîãî

ñëîÿ ñïîñîáñòâóåò õîðîøåìó ñìà÷èâàíèþ ïîâåðõ-

íîñòè è ñâîáîäíîìó ïåðåìåùåíèþ ôèëüòðàöèîí-

íîé âîäû îò îäíîé ÷àñòèöû óãëÿ ê äðóãîé ïîä

äåéñòâèåì ìîëåêóëÿðíûõ ñèë [19].

Ýêñïåðèìåíòû ïîäòâåðæäàþò, ÷òî èíòåíñèâ-

íîñòü ôèëüòðàöèè âîäû ÷åðåç ñëîé óãëÿ êîððåëè-

ðóåò ñ èçìåíåíèåì âëàæíîñòè ïðîáû. Óìåíüøå-

íèå âëàæíîñòè óãëÿ ñîïðîâîæäàåòñÿ ñíèæåíèåì

ñðåäíåé ñêîðîñòè ôèëüòðàöèè v
ñð

â äèàïàçîíàõ

âëèÿíèÿ êàïèëëÿðíîãî è ãèäðîñòàòè÷åñêîãî äàâ-

ëåíèé, ïîâûøåíèåì êðàåâîãî óãëà ñìà÷èâàíèÿ è

è íà÷àëüíîãî ãðàäèåíòà íàïîðà ÄP
í

(ðèñ. 5, á,

òàáë. 2). Ìîæíî çàêëþ÷èòü, ÷òî óäàëåíèå èçáû-

òî÷íîé âëàãè èç óãëÿ ñïîñîáñòâóåò ïîâûøåíèþ

ãèäðîôîáíîñòè ïîâåðõíîñòè è ñíèæåíèþ åãî

ôèëüòðàöèîííûõ ñâîéñòâ. Êðîìå òîãî, ãèäðàò-

íûé ñëîé, ñôîðìèðîâàííûé âáëèçè ïîâåðõíîñòè

íàèáîëåå âëàæíûõ ÷àñòèö óãëÿ, ñïîñîáñòâóåò ñâî-

áîäíîìó ïðîäâèæåíèþ ïîòîêà âîäû â ïîðîâîì

ïðîñòðàíñòâå ñëîÿ.

Èçáûòî÷íàÿ âëàãà ïîâûøàåò ãèäðàòèðîâàí-

íîñòü ïîâåðõíîñòè ÷àñòèö è, êàê ñëåäñòâèå, ñìà-

÷èâàþùèå è ôèëüòðàöèîííûå ñâîéñòâà óãîëü-

íîãî ñëîÿ ïî îòíîøåíèþ ê âîäå. Ïîýòîìó äëÿ èñ-

êëþ÷åíèÿ âëèÿíèÿ âëàæíîñòè íà îöåíêó ïà-

ðàìåòðîâ ñìà÷èâàåìîñòè ïîâåðõíîñòè è ôèëü-

òðóåìîñòè ñëîÿ óãëÿ ñëåäóåò èñïîëüçîâàòü

óãîëüíûå ïðîáû, äîâåäåííûå äî âîçäóøíî-ñóõîãî

ñîñòîÿíèÿ.

Èçâåñòíî, ÷òî âçàèìîäåéñòâèå àêòèâíîé ïî-

âåðõíîñòè ñ òåìè èëè èíûìè ãàçàìè ìîæåò ñïî-

ñîáñòâîâàòü êàê åå ãèäðîôîáèçàöèè, òàê è ãèäðà-

òèðîâàííîñòè [12, 20]. Óñòàíîâëåíî, ÷òî ïðîáî-

ïîäãîòîâêà â èíåðòíîé ñðåäå (àçîò) ïðåäîòâðàùà-
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Òàáëèöà 2. Íà÷àëüíûé ãðàäèåíò íàïîðà, ñðåäíÿÿ ñêîðîñòü ôèëüòðàöèè, êðàåâîé óãîë ñìà÷èâàíèÿ äëÿ îáðàçöîâ ðàçëè÷-

íîé âëàæíîñòè (ôðàêöèÿ 0,1 – 0,2 ìì)

Table 2. Initial pressure gradient, average filtration rate, wetting edge angle for samples of different humidity (fraction

0.1 – 0.2 mm)

Îáðàçåö
Âëàæíîñòü

W
a
, %

Íà÷àëüíûé ãðàäèåíò

íàïîðà ÄP
í
, ìì âîä. ñò.

Ñðåäíÿÿ ñêîðîñòü

ôèëüòðàöèè v
ñð

, ã/(ñì
2

· ìèí)

Êðàåâîé óãîë

ñìà÷èâàíèÿ è,

ãðàä.
v

ñð

1
v

ñð

2

1 10 30 0,021 0,257 55

2 6,8 40 0,020 0,194 64

3 5,5 65 0,006 0,132 81

4 3,8 70 0,006 0,104 88

Òàáëèöà 3. Õàðàêòåðèñòèêè îáðàçöîâ óãëÿ, ïîëó÷åííûõ ïðè ðàçëè÷íûõ óñëîâèÿõ ïîäãîòîâêè ïðîá

Table 3. Characteristics of coal samples obtained under various sample preparation conditions

Ñðåäà ïðîáîïîäãîòîâêè

Ñîäåðæàíèå O-ãðóïï, ìã-ýêâ/ã Óäåëüíàÿ ïîâåðõíîñòü

S
BET

, ñì
2
/ã

Èíäåêñ ãèäðîôèëüíîñòè

HI, îòí. åä.
(OH + COOH) C=O

Àçîò 0,39 1,88 26,57 2,41

Âîçäóõ 0,45 1,50 25,81 3,25

Òàáëèöà 1. Íà÷àëüíûé ãðàäèåíò äàâëåíèÿ, ñðåäíÿÿ ñêî-

ðîñòü ôèëüòðàöèè äëÿ ïðîá ðàçëè÷íûõ ôðàêöèé

Table 1. Initial pressure gradient, average filtration rate

for samples of various fractions

Îáðà-

çåö

Ôðàê-

öèÿ, ìì

Íà÷àëüíûé

ãðàäèåíò íàïîðà

ÄP
í
, ìì âîä. ñò.

Ñðåäíÿÿ ñêîðîñòü ôèëüòðà-

öèè v
ñð

, ã/(ñì
2

· ìèí)

v
ñð

1
v

ñð

2

1 <0,1 150 0,003 0,028

2 0,1 – 0,2 40 0,012 0,166

3 0,2 – 0,5 20 0,035 0,169

4 0,5 – 1 25 0,042 0,220



åò ðàçâèòèå îêèñëèòåëüíûõ ïðåîáðàçîâàíèé ïî-

âåðõíîñòíîãî ñëîÿ è ñïîñîáñòâóåò ñîõðàíåíèþ

åñòåñòâåííîé ãèäðîôîáíîñòè óãëÿ [20]. Õàðàêòå-

ðèñòèêè îáðàçöîâ óãëÿ, ïîëó÷åííûõ ïðè ðàçëè÷-

íûõ ñïîñîáàõ ïðîáîïîäãîòîâêè, ïðèâåäåíû â

òàáë. 3.

Èçìåíåíèÿ ñîäåðæàíèÿ êèñëîðîäñîäåðæàùèõ

ôóíêöèîíàëüíûõ ãðóïï è çíà÷åíèé óäåëüíîé

ïîâåðõíîñòè èññëåäóåìûõ îáðàçöîâ ïîêàçûâàþò,

÷òî äàæå ñòàíäàðòíûå ïðîöåäóðû ïðîáîïîäãî-

òîâêè (èçìåëü÷åíèå, ðàññåâ) â âîçäóøíîé ñðåäå

ïðèâîäÿò ê èçìåíåíèþ ñîîòíîøåíèÿ êèñëîðîä-

íûõ ãðóïï â ÎÌÓ. Òàê, êîëè÷åñòâî ãèäðîôèëü-

íûõ ãðóïï êèñëîãî õàðàêòåðà (ãèäðîêñèëüíûõ è

êàðáîêñèëüíûõ) âîçðàñòàåò, à êîëè÷åñòâî íåé-

òðàëüíûõ êàðáîíèëüíûõ ãðóïï óáûâàåò ïî ñðàâ-

íåíèþ ñ ïîäãîòîâêîé ïðîáû â èíåðòíîé ñðåäå,

î ÷åì òàêæå ñâèäåòåëüñòâóþò ïîâûøåííûå çíà-

÷åíèÿ ÈÊ-ñïåêòðàëüíîãî ïîêàçàòåëÿ ãèäðîôèëü-

íîñòè HI (ñì. òàáë. 3). Èíûìè ñëîâàìè, íàáëþäà-

åòñÿ ãèäðîôèëèçàöèÿ ïîâåðõíîñòè óãëÿ. Îòìå-

òèì, ÷òî ñíèæåíèå óäåëüíîé ïîâåðõíîñòè SBET

íàáëþäàëîñü è ðàíåå ó îêèñëåííûõ îáðàçöîâ

óãëåé [21]. Ïî-âèäèìîìó, ýòî îáóñëîâëåíî áëîêè-

ðîâêîé àäñîðáöèîííûõ öåíòðîâ íà âíóòðåííèõ

ñòåíêàõ ïîð óãëÿ ôèçè÷åñêè àäñîðáèðîâàííûì

êèñëîðîäîì, à òàêæå ñòåðè÷åñêèìè ïðåïÿòñòâèÿ-

ìè, ñîçäàâàåìûìè ãàçó-ñîðáàòó (àçîòó) ïðîäóêòà-

ìè õåìîñîðáöèè — ïîâåðõíîñòíûìè êèñëîðîäñî-

äåðæàùèìè ãðóïïàìè.

Âàæíàÿ õàðàêòåðèñòèêà ïðåîáðàçîâàíèÿ õè-

ìè÷åñêîãî ñîñòàâà ïîâåðõíîñòè óãëÿ ïðè ïåðå-

õîäå îò íàòèâíîãî ñîñòîÿíèÿ ê ïîâåðõíîñòíî-

îêèñëåííîìó — åå ÷óâñòâèòåëüíîñòü ê ñìà÷èâàå-

ìîñòè âîäîé. Ôèëüòðàöèÿ âîäû ÷åðåç ñëîé íàòèâ-

íîãî óãëÿ ïðîòåêàåò ñ ìåíüøåé èíòåíñèâíîñòüþ

è íóæäàåòñÿ â áîëüøåì íàïîðå æèäêîñòè ïî ñðàâ-

íåíèþ ñ ïîâåðõíîñòíî-îêèñëåííûì îáðàçöîì

(ðèñ. 5, â, òàáë. 4). Ýòî ìîæíî îáúÿñíèòü åñòåñò-

âåííîé ãèäðîôîáíîñòüþ ïîâåðõíîñòè óãëÿ, íå

êîíòàêòèðîâàâøåãî ðàíåå ñ êèñëîðîäíîé ñðåäîé.

Ìîæíî êîíñòàòèðîâàòü, ÷òî óãîë ñìà÷èâàíèÿ

íàòèâíûõ îáðàçöîâ óãëåé áóäåò çàìåòíî áîëüøå

óãëà ñìà÷èâàíèÿ ïîâåðõíîñòíî-îêèñëåííûõ. Îä-

íàêî äëÿ êîëè÷åñòâåííîé îöåíêè óãëà ñìà÷èâà-

íèÿ íà îñíîâàíèè äàííûõ ïî ôèëüòðàöèè íåîá-

õîäèìî ñòàíäàðòèçîâàòü ýêñïåðèìåíòàëüíûå óñ-

ëîâèÿ, óñòàíîâèòü ñòàòèñòè÷åñêè îáîñíîâàííóþ

êîððåëÿöèîííóþ çàâèñèìîñòü íà÷àëüíîãî ãðàäè-

åíòà íàïîðà ÄPí ñî çíà÷åíèåì óãëà è, ò.å., ñîáñò-

âåííî, ðàçðàáîòàòü àòòåñòîâàííóþ ìåòîäèêó îï-

ðåäåëåíèÿ óãëà ñìà÷èâàíèÿ ôèëüòðàöèåé æèäêî-

ñòè ÷åðåç ïîðèñòûé ñëîé îáðàçöà.

Çàêëþ÷åíèå

Òàêèì îáðàçîì, ïðîâåäåííûå èññëåäîâàíèÿ

ïîêàçàëè, ÷òî óñëîâèÿ ïðîáîïîäãîòîâêè (ôðàêöè-

îííûé ñîñòàâ, âëàæíîñòü, ãàçîâàÿ ñðåäà) âëèÿþò

íà ñìà÷èâàþùèå è ôèëüòðàöèîííûå ñâîéñòâà ïî-

ðèñòîãî ñëîÿ óãëÿ. Èçáûòî÷íàÿ âëàãà, ïðåâû-

øàþùàÿ çíà÷åíèÿ âîçäóøíî-ñóõîãî ñîñòîÿíèÿ

(àíàëèòè÷åñêàÿ âëàãà), ñïîñîáñòâóåò ðîñòó ãèäðà-

òèðîâàííîñòè ïîâåðõíîñòè ÷àñòèö è, êàê ñëåäñò-

âèå, ïîâûøåíèþ ñìà÷èâàþùèõ è ôèëüòðàöèîí-

íûõ ñâîéñòâ óãîëüíîãî ñëîÿ ïî îòíîøåíèþ ê

âîäå. Óñòàíîâëåíî, ÷òî îêèñëèòåëüíàÿ àêòèâàöèÿ

óãîëüíîé ïîâåðõíîñòè ïðè ïîäãîòîâêå óãîëüíîé

ïðîáû â âîçäóøíîé ñðåäå ñîïðîâîæäàåòñÿ îáðàçî-

âàíèåì ïîëÿðíûõ Î-ãðóïï (ãèäðîêñèëüíûõ, êàð-

áîêñèëüíûõ) è ñïîñîáñòâóåò ïîâûøåíèþ ãèäðî-

ôèëüíîñòè êîíòàêòèðóþùåãî ñëîÿ è îäíîâðåìåí-

íî ôèëüòðàöèîííîé ñïîñîáíîñòè óãëÿ.

Áëàãîäàðíîñòè

Àâòîðû âûðàæàþò áëàãîäàðíîñòü çà ïîìîùü

â âûïîëíåíèè ôèçèêî-õèìè÷åñêèõ ìåòîäîâ àíà-

ëèçà Ò. À. Ïàïèíîé, À. Â. Àíèêèíîé, Å. Ñ. Íåïåè-

íîé (ÈÓ ÔÈÖ ÓÓÕ ÑÎ ÐÀÍ), Ñ. Þ. Ëûðùèêîâó

(ÖÊÏ ÔÈÖ ÓÓÕ ÑÎ ÐÀÍ).
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Òàáëèöà 4. Íà÷àëüíûé ãðàäèåíò íàïîðà è ñðåäíÿÿ ñêî-

ðîñòü ôèëüòðàöèè äëÿ îáðàçöîâ óãëÿ, ïîëó÷åííûõ ïðè

ðàçëè÷íûõ óñëîâèÿõ ïðîáîïîäãîòîâêè (âëàæíîñòü ïðîáû

Wa = 3,8 %, ôðàêöèÿ 0,1 – 0,2 ìì)

Table 4. Initial pressure gradient and average filtration

rate for coal samples obtained under various sample prepa-

ration conditions (sample moisture Wa = 3.8%, fraction

0.1 – 0.2 mm)

Ñðåäà ïðîáî-

ïîäãîòîâêè

Íà÷àëüíûé

ãðàäèåíò íàïîðà

ÄPí, ìì âîä. ñò.

Ñðåäíÿÿ ñêîðîñòü ôèëüòðà-

öèè vñð, ã/(ñì2 · ìèí)

vñð
1 vñð

2

Àçîò 130 0,005 0,049

Âîçäóõ 70 0,007 0,088



7. Ìèðîíåíêî Â. À., Ðóìûíèè Â. Ã., Ó÷àåâ Â. Ê. Îõðàíà

ïîäçåìíûõ âîä â ãîðíîäîáûâàþùèõ ðàéîíàõ. — Ë.: Íåäðà,

1980. — 320 ñ.

8. Þòÿåâ Å. Ï., Ñàäîâ À. Ï., Ìåøêîâ À. À. è äð. Îöåíêà ôè-

ëüòðàöèîííûõ ñâîéñòâ óãëÿ â ãèäðîäèíàìè÷åñêèõ èñïûòàíè-

ÿõ äåãàçàöèîííûõ ïëàñòîâûõ ñêâàæèí / Óãîëü. 2017. ¹ 11.

Ñ. 24 – 27. DOI: 10.18796/0041-5790-2017-11-24-27

9. Ïëàêñèí Ì. Ñ., Ðîäèí Ð. È., Ãîðíîñòàåâ Â. Ñ. Îñíîâû

âûñîêîýôôåêòèâíîãî ìåòîäà ãèäðîîáðàáîòêè óãîëüíîãî ïëà-

ñòà ïðè ïðîâåäåíèè ïîäãîòîâèòåëüíûõ âûðàáîòîê / Ãîðíûé

èíôîðìàöèîííî-àíàëèòè÷åñêèé áþëëåòåíü. 2018. ¹ S49.

Ñ. 226 – 234. DOI: 10.25018/0236-1493-2018-11-49-226-234

10. Li J., Li Z., Yang Y., et al. Inhibitive effects of antioxidants on

coal spontaneous combustion / Energy Fuels. 2017. Vol. 31(12).

P. 14180 – 14190. DOI: 10.1021/acs.energyfuels.7b02339

11. Drebenstedt C., Argimbaev K. Korkinsk brown coal open pit

as a case study of endogenous fires / Int. J. Eng. 2021. Vol. 34(1).

P. 292 – 304. DOI: 10.5829/ije.2021.34.01a.32

12. Ñàðàí÷óê Â. È. Îêèñëåíèå è ñàìîâîçãîðàíèå óãëÿ. — Êèåâ:

Íàóêîâà äóìêà, 1982. — 166 ñ.

13. Van Krevelen Dirk W. Coal: typology, physics, chemistry, con-

stitution. — Amsterdam: Elsevier, 1993. — 979 p.

14. Êàðíàóõîâ À. Ï. Àäñîðáöèÿ. Òåêñòóðà äèñïåðñíûõ è ïîðèñ-

òûõ ìàòåðèàëîâ. — Íîâîñèáèðñê: Íàóêà, 1999. — 470 ñ.

15. Ïàòðàêîâ Þ. Ô., Óñàíèíà À. Ñ. Âëèÿíèå êèñëîòíî-ùåëî÷-

íîãî ñîñòàâà âîäû íà ñìà÷èâàåìîñòü óãëåé ðàçíîé ñòåïåíè

ìåòàìîðôèçìà / Õèìèÿ òâåðäîãî òîïëèâà. 2016. ¹ 2.

Ñ. 58 – 60. DOI: 10.7868/S0023117716020080

16. Çèìîí À. Ä. Àäãåçèÿ æèäêîñòè è ñìà÷èâàíèå. — Ì.: Õèìèÿ,

1974. — 416 ñ.

17. Chander S., Hogg R., Fuerstenau D. Characterization of

the wetting and dewetting behavior of powders / KONA. 2007.

N 25. P. 56 – 75.

18. Ãóäîê Í. Ñ. Èçó÷åíèå ôèçè÷åñêèõ ñâîéñòâ ïîðèñòûõ ñðåä. —

Ì.: Íåäðà, 1970. — 208 ñ.

19. Ìèðîíåíêî Â. À. Äèíàìèêà ïîäçåìíûõ âîä. — Ì.: ÌÃÓ,

2001. — 519 ñ.

20. Ïàòðàêîâ Þ. Ô., Ñåìåíîâà Ñ. À., Ìàéîðîâ À. Å. Èññëå-

äîâàíèå âëèÿíèÿ ïðîáîïîäãîòîâêè íà õèìè÷åñêèé ñîñòàâ è

ãèäðîôîáíîñòü ïîâåðõíîñòè êàìåííîãî óãëÿ / Çàâîäñêàÿ ëà-

áîðàòîðèÿ. Äèàãíîñòèêà ìàòåðèàëîâ. 2022. Ò. 88. ¹ 4.

Ñ. 42 – 47. DOI: 10.26896/1028-6861-2022-88-4-42-47

21. Ñåìåíîâà Ñ. À., Ïàòðàêîâ Þ. Ô., ßðêîâà À. Ñ. è äð.

Èçìåíåíèå ñâîéñòâ íàòèâíîãî íèçêîìåòàìîðôèçîâàííîãî

óãëÿ ïðè êîíòàêòå ñ âîçäóõîì / Õèìèÿ òâåðäîãî òîïëèâà.

2022. ¹ 3. Ñ. 3 – 11. DOI: 10.31857/S0023117722030082

REFERENCES

1. Liao X., Wang B., Wang L., et al. Experimental study on the

wettability of coal with different metamorphism treated by sur-

factants for coal dust control / ACS Omega. 2021. Vol. 6(34).

P. 21925 – 21938. DOI: 10.1021/acsomega.1c02205

2. Xu Ch., Wang D., Wang H., et al. Effects of chemical proper-

ties of coal dust on its wettability / Powder Technology. 2017.

Vol. 318. P. 33 – 39. DOI: 10.1016/j.powtec.2017.05.02

3. Korshunov G. I., Kornev A. V., Erzin A. H., Safina A. M.

Investigation of the influence of the degree of metamorphism

and physico-chemical properties of extracted coals on the

wettability of the dust formed / Mining information and analyt-

ical bulletin. 2015. N S6. P. 3 – 10 [in Russian].

4. Ping A., Xia W., Peng Ya., Xie G. Comparative filtration and

dewatering behavior of vitrinite and inertinite of bituminous

coal: Experiment and simulation study / Int. J. Mining Sci.

Technol. 2021. Vol. 31(2). P. 233 – 240.

DOI: 10.1016/j.ijmst.2020.12.026

5. Jena M. S., Biswal S. K., Rudramuniyappa M. V. Study on

flotation characteristics of oxidised Indian high ash sub-bitumi-

nous coal / Int. J. Miner. Process. 2008. Vol. 87. P. 42 – 50.

DOI: 10.1016/j.minpro.2008.01.004

6. Laskowski J. S. Coal flotation and fine coal utilization. — Am-

sterdam: Elsevier, 2001. — 368 p.

7. Mironenko V. A., Rumynii V. G., Uchaev V. K. Protection of

groundwater in mining areas. — Leningrad: Nedra, 1980. —

320 p. [in Russian].

8. Yutyaev E. P., Sadov A. P., Meshkov A. A., et al. Evaluation

of filtration properties of coal in hydrodynamic tests of degas-

sing reservoir wells / Ugol’. 2017. N 11. P. 24 – 27 [in Russian].

DOI: 10.18796/0041-5790-2017-11-24-27

9. Plaksin M. S., Rodin R. I., Gornostaev V. S. Fundamentals

of a highly efficient method of hydrotreating a coal seam during

preparatory workings / Gorn. Inf.-Analit. Byull. 2018. N S49.

P. 226 – 234 [in Russian].

DOI: 10.25018/0236-1493-2018-11-49-226-234

10. Li J., Li Z., Yang Y., et al. Inhibitive effects of antioxidants on

coal spontaneous combustion / Energy Fuels. 2017. Vol. 31(12).

P. 14180 – 14190. DOI: 10.1021/acs.energyfuels.7b02339

11. Drebenstedt C., Argimbaev K. Korkinsk brown coal open pit

as a case study of endogenous fires / Int. J. Eng. 2021. Vol. 34(1).

P. 292 – 304. DOI: 10.5829/ije.2021.34.01a.32

12. Saranchuk V. I. Oxidation and spontaneous combustion of

coal. — Kiev: Naukova dumka, 1982. — 166 p. [in Russian].

13. Van Krevelen Dirk W. Coal: typology, physics, chemistry, con-

stitution. — Amsterdam: Elsevier, 1993. — 979 p.

14. Karnaukhov A. P. Adsorption. The texture of dispersed and

porous materials. — Novosibirsk: Nauka, 1999. — 470 p. [in

Russian].

15. Patrakov Yu. F., Usanina A. S. Effect of the acid-base compo-

sition of water on the wettability of coals of different ranks /

Khimiya Tv. Topl. 2016. Vol. 50. N 2. P. 127 – 129 [in Russian].

DOI: 10.3103/S0361521916020087

16. Zimon A. D. Adhesion of liquid and wetting. — Moscow:

Khimiya, 1974. — 416 p. [in Russian].

17. Chander S., Hogg R., Fuerstenau D. Characterization of

the wetting and dewetting behavior of powders / KONA. 2007.

N 25. P. 56 – 75.

18. Gudok N. S. The study of the physical properties of porous me-

dia. — Moscow: Nedra, 1970. — 208 p. [in Russian].

19. Mironenko V. A. Dynamics of underground waters. — Mos-

cow: Izd. MGU, 2001. — 519 p. [in Russian].

20. Patrakov Yu. F., Semenova S. A., Majorov A. E. Study of

the effect of sample preparation on the chemical composition

and hydrophobicity of the coal surface / Zavod. Lab. Diagn. Ma-

ter. 2022. Vol. 88. N 4. P. 42 – 47 [in Russian].

DOI: 10.26896/1028-6861-2022-88-4-42-47

21. Semenova S. A., Patrakov Yu. F., Yarkova A. S., et al.

Changes in the properties of native low-metamorphozed coal in

contact with air / Khimiya Tv. Topl. 2022. Vol. 56. N 3. P. 157 –

165 [in Russian]. DOI: 10.3103/S0361521922030089

«Çàâîäcêàÿ ëàáîpàòîpèÿ. Äèàãíîcòèêà ìàòåpèàëîâ». 2023. Òîì 89. ¹ 5 35


