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30NbHOCTb OTXOA0B 060raleHnA KaMeHHOro yrns
Ash content in coal washery refuse

HasBaHue npo6bl
MNMopopaa c TskenocpeaHoro cenaparopa
MpoMnpoAYKT C TAXKeNocpeaHoro cenaparTopa
lNopopa c otcagkn
ONOTALMNOHHbBIN KEK

d MAPT, 2023, “YTOfb”

BBEOEHUE

Pepkune n pegkosemesbHble MeTanbl ABAAOTCA BbICOKOMKBUAHbBIM
KOMMepuecknm pecypcom [1]. B HacToAwee BpeMa B MUpe B COOT-
BETCTBUU C CO34aHVEM N PAa3BUTUEM BbICOKOTEXHONTOMMYUYHbIX MPOU3-
BO[CTB COXPAHAETCA YyCTOMUMBBIN POCT NOTPe6NeHNA 1 NPON3BOACTBA
peaKknx n pegkosemesnbHbix anemeHToB (PMP33), ABnAlowmMnca noka-
3aTesleM SKOHOMUYECKOTO Pa3BUTUA U HALUMOHANIbHOI 6e30MacHOCTU
[2]. B Poccun npakTryecky OTCyTCTBYeT COOCTBEHHOE NPOU3BOACTBO
PnP33, Heobxoanmble 06BbeMbI IMMOPTUPYIOTCA, XOTS pa3BefaHHble
3anachbl, B YacTHocTu P33, coctaBnsaioT 15% o1 o6uwemmupoBsbix [3]. Mo-
MVMO PYAHbIX MECTOPOXAEHWI ANnA nonyyeHusa PuP33 nHtepec npen-
CTaBMSIIOT OTXOAbI NPEeANPUATUN TEMNOSHEPTETMKN U 060raTUTESNTbHbIX
¢babpuk: yronbHble Wwnaky 1 wiamsl. Mx nepepaboTka, B 4aCTHOCTY,
B yrnepo6biBatoleM pervoHe — KemepoBckoin obnactu — Kysbacce,
rae HakarnavBaloTCA MMIraHTCKME Mo MacluTabam MaccChl YrofibHbIX OT-
XO[0B, KpalHe aKkTyasibHa 1 ABNAETCA BaXKHbIM HarnpaBfieHeM npu-
POOOOXPAHHBIX Mep, YMEHbLIALWKMX SKONOrnyecknii yuepb [4, 5, 6,
7, 8,9, 10, 11]. OgHako, ABNAACH AeLleBbIM MaTePUANOM, NpaKTuye-
CKM nexalmm Ha NOBEPXHOCTU, YrONbHblE OTXOAbl UMEIKOT C/TOXKHbIN
W HEMOCTOSHHbIW COCTaB, YTo TpebyeT pPa3paboTKu OTAENbHbIX KOH-
LenTyasibHbIX TEXHONOTUYECKNX PeLLeHN.

OCHOBHAA YACTb

HacToswas paboTa ABNAeTCA NPOoAo/IKeHNEM HALINX NCCIefOBaHIA
copepxaHus PuP33 B 30/10WWMAKOBbLIX 1 LWTAMOBBIX OTXOAAX HEKOTO-
pbiX NPeanpuUATUN TENTO3HEPreTUKN 1 oboraTuTenbHbIX Gabpuk Ke-
MepOoBCKom obnacTu — Kysbacca ¢ Lenbio Bbibopa Cbipbs 41 BO3MOX-
HOCTW BblgeNeHMA LLeHHbIX KOMMNOHeHTOB [12, 13, 14]. PegKkune, pegko-
3eMebHbIE N PacCeAHHbIE 3NIEMEHTbI B MPOMbILLIIEHHO 3HAYNMBbIX KOH-
LieHTpaLMAX MMEIOTCA BO BCEX yriefobbiBaWmUx panoHax Kysbacca.
Tak, Hanpumep, B CpefHEM B Ky3HELIKMX YITIAX MPUCYTCTBYIOT: PeAKo-
3eMeJIbHble 3/1IEMEHTbI, HUOOWIA, UTTPUI, LUPKOHWUIA, cepebpo, 30710TO,
CTpOHUWMIA, BaHaguii u gp. C y4eTom N3BIeYEHUS SNIEMEHTOB B COBOKYI-
HOCTM U3 TEXHOT€HHOTO CblPbsi MOJIE3HbIX KOMMOHEHTOB C BbICOKOW [10-
6aBneHHOW CTOMMOCTbIO MOXHO Nosyyatb 4o 1/3 oT obLen maccbl OT-
xopoB. CyLiecTByioLMe K HaCTOALLeMY BPEMEHU KOHAULMW ANA N3BJie-
yeHuA cymmbl P33 coctasnsatot 0,1-0,5% anA sHOOreHHbIX pyg, B Kope
BbiBeTpuBaHuA — Ao 10,0%. [InA KameHHbIX Yrien KOHAUUMM No cym-
Me P33 He pa3paboTaHbl, HO X NpefenbHble COAEPKAHNA B KY3HELKUX
3LLIM moryT coctaBuTb He MeHee 1,4%. CnegyeT OTMETUTb, UTO NIEMEHT-
HbI1 COCTaB LLIAMOB 060raTUTENbHBIX GabPUK U3yUeH B 3HAUNTENBHO
MEHbLLEN CTEMEHM, YEM LLJTAKOBbIE OTXO/bl TEMNIO3HEPreTUKI. B AaH-
HoW paboTe NpefcTaB/ieHbl pe3yrbTaTbl UCCIIeAOBaHNSA LWTAMOB OfjHO-
ro u3 npegnpuatun Kysbacca — NAO LIOO® «bepe3oBckas», npeacTas-
NALLWUX CO60M CMECb FOPHbIX MOPOA Y YIS, T OTXOAbl HaNpaBs-
I0TCA B OTBaJIbl, HEraTMBHO ENCTBYIOLLME Ha aTMOChEpY, MOYBY 1 BOZY.
NccnepoBaHbl: nopoaa (nocne TaxenocpeaHon cenapaumm 1 otcag-
KW); NPOMMPOAYKT (B OCHOBHOM MOC/e TAXKENOCPefHOM cenapauum);
dnoTaumnoHHbIN Kek (nocne ¢notaunmn) [15]. B mabs. 1 npeactaBneHsl

pe3ynbTaTbl ONpegeneHns 301bHOCTM OTXO0B 06OrallLeHNs.
MonyyeHHble pe3ynbTaTbl MOKa3biBa-
Tabnuya 1 0T yMEHbLUEeHWe COAepKaHNsA roproyen
yacTn OTX0A0B OOOoralleHNsA KaMeHHO-
ro yris B ciiegyioLlem nopspke: npom-

A4, % NPOAYKT C TAXKenocpeaHowW cenapa-
85,3 unm — Kek ¢ dnoTayum — nopoga c oT-
37,7 cafKu — NOPOAa C TAXKenocpeaHon ce-
85,3 napauuu. Boicokoe cogeprkaHue ropio-
58,5 yer cocTaBnfALWen B npomnpogyTe n
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Tabnuua 2
XviMnyeckunii cocTaB MMHepPanbHOI YacTV OTXOA0B
o6oraueHns KameHHOro yrns

KeKe Mo3BosiAeT Npearosiaratb BO3MOX-
HOCTb VX MCMOJSIb30BaHUA B KayecTBe
BbICOKO30/1bHOTO TOMIMBA. 3HAUNTESb-
HOe cofiepKaHne MMHEPasbHbIX KOMMO-
HEHTOB B MOPOAE C CEenapaTopos U OT-

Chemical composition of the mineral fraction of coal washery refuse

CaflOYHbIX MalNH JaeT BO3MOXHOCTb MwuHepanbHbii e c:n:’;xoaf‘rzpa I:Z:::::..Ts: cllch:::u Kek
paccmaTpurBaTb UX NPUMEHEHNE B Kaye- KOMIOEEHY %(macc.)
CTBe CTPOUTENIbHbIX MaTepranoB 1 Cbl- Si02 61,472 47,726 64,310 56,067
pbA ANnA nony4eHnsA KOHLEHTPATOB LieH- ALO, 18,818 18,004 19,155 18,553
HbIX 3n1leMeHTOB [16,17]. Fe,O, 6,337 8,380 4,648 8,474
XMUyeckunin coctaB MUHEpPANbHON Ca0 5,889 15,660 3,946 8,156
YyacTn 0OpPa3LOB ONPEAENANCA Ha PEHT- K,0 4,202 3,339 4,585 3,821
reHohnyopecUeHTHOM CreKkTpomeTpe Na,O 1,500 1,450 1,300 1,220
«SHIMADZU EDX-7000P». [laHHble no TiO, 0,827 0,896 0,845 0,850
onpefeneHnio XMMNMYeckoro coctasa SO, 0,625 4,004 0,876 2,444
30/1bl, TONTYYEHHO NOC/E CKUraHUsa 06- MnO 0,094 0,188 0,067 0,079
pa3uoB, NpeacTaBneHbl B mabs. 2. ZnO 0,015 0,027 0,016 0,023
XrnmMnyeckunm cocTtas 30/5bl npea- CuO 0,009 0,011 0,010 0,011
CTaB/eH NpenMyLLeCTBEHHO OKCMAaMun Cr,0, 0,044 0,047 0,059 0,043
KPeMHUA, anioMNHNA, Xere3a 1 Kalb- PbO 0,003 0,003 0,003 0,002
LUWSA; B MEHbLLEN CTENEHU — OKCUAAMM V.0, 0,054 0,077 0,058 0,073
MarHusa, Kanua, Hatpus, cepsbl, pocdo- SrO 0,037 0,121 0,035 0,093
pa, TuTaHa n mapraHua. CymmapHoe co- ZrQ, 0,029 0,022 0,030 0,031
JepXaHue 3TUX 3/IEMEHTOB COCTaBNA- Rb,O 0,019 0,017 0,021 0,016
€T 99,7-99,8 macc.%. K LieHHbIM KOMMNO- Ir,0, 0,007 0,007 0,007 0,006
HEHTaM MUHePAsNIbHON YacTh OTXO40B Y,0, 0,007 0,007 0,005 0,010
yrneoboralieHunsa OTHOCATCA pefkue, NiO 0,007 0,013 0,009 0,006
pacceaHHble N pefKo3emMesbHble 3ne- ThO, 0,001 = 0,002 =
MeHTbI. IX cymmapHoe cofiepkaHue co- Ga,0, 0,004 = 0,004 =
ctaBndaet 0,2-0,3 macc.%. Ag,0 - - 0,008 -
TL,0, - - 0,001 -
3AK/TIOMEHUE PdO - - - 0,016
PeHTreHoGNyopecuUeHTHbIN MeToq As,0, i = - 0,003
NbO = = = 0,003

[AET IMLb OLIEHOYHYIO KapTUHY cofep-
XKaHMS MUKPOKOMMOHEHTOB B OTXOAAX.
OpHako npoBefieHHble NCCNeAoBaHNA fann BO3MOXHOCTb 6.
06HapYXnTb B 06pasLiax CTPOHUUIA, pyouaum, UTTpui, upu-

LUIA 1 gpyrue pegKue v UBeTHble MeTansibl. CneayeT OTMETUTD
BbICOKOE COAieP>KaHME allOMUHUSA, YTO MOXKET ObITb UHTEpeC- 7.
HO B KauecTBe Cbipbs A/ MPOMBILLIIEHHOCTH.
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Abstract

During the combustion and enrichment of coals, slag and sludge wastes
are formed, which are a source of environmental pollution. At the same
time, these technogenic formations can be considered as a source of
valuable components lying on the surface, used in high-tech industries
and having high added value. To assess the content of rare elements,
the analysis of ash and slag and sludge waste of some heat power plants
and processing plants of the Kemerovo region - Kuzbass was carried
out. This work is devoted to the results of studying the sludge of one of
the enterprises of Kuzbass - the central processing plant “Berezovskaya”
Researches have shown the possibility and prospects of complex waste
processing with the sequential extraction of a number of components,
including rare and rare earth elements.

Keywords
Coal, Ash slags, Coal sludge, Elemental analysis, Rare and rare earth elements.

References

1. Danilov O.S., Belov A.V. & Grebenyuk L.V. Processing of ash and slag waste
with extraction of rare metals as a key factor of socio-economic and en-
vironmental well-being of coal-mining countries. Gornyj informatsionno-
analiticheskij byulleten, 2018, (7), pp.16-22. (In Russ.).

2. Kablov E.N., Ospennikova O.G. & Vershkov A.V. Rare metals and rare earth
elements — materials of modern and future high technologies. Trudy VIAM,
2013, (2), pp.1-14. (In Russ.).

3. Yatsenko V.A. Formation of new rare-earth mineral raw materials sources
on the example of the Republic of Sakha (Yakutia). Interexpo Geo-Sibir, 2021,
Vol. 3, (1), pp.248-256. (In Russ.).

4. Arbuzov S.I., Ershov V.V. & Rikhvanov A.P. Rare elements in coals of Kuzbass.
Kemerovo, 1999, 248 p. (In Russ.).

5. Novikov N.I. & Salikhov V.A. Some aspects of the economic assessment
of technogenic deposits as promising raw materials for the metallurgical
industry. Vestnik TGU, 2016, (1), pp. 38-53. (In Russ.).

d MAPT, 2023, “YTOb”

6. Afanasyev O.V., Mingaleeva G.R., Dobronravov A.D. & Shamsutdinov E.V.
Complex use of ash and slag waste. [zvestiya vuzov. Problemy Energetiki, 2015,
(7-8), pp. 26-36. (In Russ.).

7. Hlopitskiy A. Study of Complex Recovery of Solid Slag Waste from Thermal
Power Plants in the Target Components. Chemical and Materials Engineering,
2015, (3), pp. 1-5.

8. Yudovich Ya.E. & Ketris M.P. Valuable elements-impurities in coals. Ekater-
inburg, UrO RAN Publ., 2006, 538 p. (In Russ.).

9. Markidonov A.V.,, Salikhov V.A. & Lubyanoy D.A. Cluster analysis of the
content of impurities in ash and slag waste of Kuznetsk coals. Vestnik KuzGTU,
2019, (6), pp. 29-36. (In Russ.).

10. Melentyev G.B. Prospects for the development of the rare earth metals
industry in Russia. Tsvetnaya metallurgiya, 2016, (1), pp.54-61. (In Russ.).
11.Melentyev G.B. Rare earth priorities in Russia. Redkie zemli, 2014, (3), pp.18-
32.(In Russ.).

12. Cherkasova T.G., Cherkasova E.V., Tichomirova A.V. et al. Investigation of
content and possibility of extracting matrix and rare elements from ash and
slag wastes of heat power plant. Metallurgist, 2021, Vol. 65, (11), pp. 96-100.
13. Cherkasova T.G., Tikhomirova A.V., Cherkasova E.V. & Shabanov E.A. Coal
consumption waste-promising raw materials for complex processing with
the extraction of valuable mineral components. Koks i Khimiya, 2022, (6),
pp. 26-30. (In Russ.).

14. Cherkasova T.G., Cherkasova E.V.,, Tikhomirova A.V,, Pilin M.O. & Barantsev
D.A. Analysis of waste from coal mining, coal refining and coal enrichment of de-
posits of the Kuznetsk coal basin. Vestnik KuzGTU, 2022, (6), pp. 59-66. (In Russ.).
15. Technological instruction (regulation) “To investigate and develop the
basic requirements for technological processes of coal enrichment at JSC
“Berezovskaya”. Kemerovo, 2013. (In Russ.).

16.Fedotov K.V, Nikolskaya N.|. &Vlasova V.V. Economic and technological so-
lutions to the problem of TPP ash dumps. Gornyj informatsionno-analiticheskij
byulleten, 2003, (8), pp. 234-236. (In Russ.).

17. Shpirt M.Ya., Artemyev S.A,, Silyutin S.A. The use of solid waste from coal
mining and processing. Moscow, Gornoe Delo Publ., 2013, 432 p. (In Russ.).

Acknowledgements
The research was financially supported by a grant from the Russian Ministry
of Education and Science (Agreement No. 075-15-2022-1194).

For citation

Cherkasova T.G., Cherkasova E.V., Tikhomirova A.V. & Golovachev A.A. Rare
earth elements in Kuzbass coal processing wastes. Ugol; 2023, (2), pp. 65-68.
(In Russ.). DOI: 10.18796/0041-5790-2023-2-65-68.

Paper info

Received February 7, 2023
Reviewed February 15,2023
Accepted February 27, 2023





