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Annomauyus.
Bozmoorcnocmo KOMNJIEKCHOU nepepabomxu TEeXHO2eHHbIX
MECmOpPOAHCOHULL NOAE3HbIX UCKONAEMbIX NpUsedem K 6b1C8000HCOeHUI0
SHAUUMENbHbIX — MEPPUMOPULl,  3AHAMbBIX ~ OMX00AMU,  CHUNCEHUIO
9KONIO2UYECKOU  HAZPY3KU HA — ammocgepy,  UMNOPMO3AMeUjeHUro,
NOAYYEHUIO  NOAONCUMENLHO20  IKOHOMUUECKO20, IKONOSUYECKO20 U
@ ® coyuanvrozo appexmos. Cnpoc nHa pedkozemenvhvie snemenmol (P32)
pacmem 8 C6A3U C UX UCNONb30BAHUEM 8 DPA3IUUHBIX Nepedosblx
MEeXHONI02UYECKUX chepax: paouodIeKmpoHUKe, «3eleHOWUy IHepeemuxe,

Hugpopmayus o cmamepe asua- u pakemocmpoenuu, cyOoCmpoeHul, AmoMHOM NPOMbIULIEHHOM
Hocmynuna: KOMNJeKce U BOCHHO-NPOMBIULIEHHOM — CEKmope,  OMCYmMCmeuem
29 aseycma 2023 e. MaAmepuanog, CHOCOOHBIX UX 3AMEHUMb N0 XAPAKMEPUCIMUKAM U

ceoticmeam. Poccus domicna 3akpenums cmamyc cmpanbl, obaadaroujel
Ooobpena nocne BbICOKUMU ~ MEXHONo2UAMU 8  00aacmu  nepepaboOmKu  0mxo0os
DEYEH3UPOBAHUSL: yenedobuvluu,  yerenepepabomku u - yeneobozawenus. B cmamve
20 nosbpsa 2023 2. npeocmaegiena  anpoOUpoBaHHAs — cxeMd — NepepadomKu  0mMxX0008

yeneobocawenus ¢ NOJYYeHUeM  KOHYEHMpAma  peoKo3eMeNbHbIX
Ipunama x nyoauxayuu: memannos (P3M) u kpemnuticooepocaweeo keka. Cocmasnena memoouxa
22 nosops 2023 2. npoGedeHUss  IKCNEePUMEHmd, NPUBCOCHbL  PEXNCUMHbIE — NApaMempbl

npogedenus  onepayull  Cyrbpamuszayuy, — SbLUENAYUSAHUsT 80001,
Onybauxosana. ocadicoenus, eviuenravueanus P3M-codepoicaweco kexa u noayuenus
05 oexabps 2023 e. OKCANAmMHbIX Conell (memnepamypa u 6pemsi NposedeHuss Npoyeccos,

COOMHOUIEHUE — KOMNOHEHMOS8,  4aACMOma  6PAWEHUsT  MEUAIKU).
Knioueswie cnosa: Oxcnepumenm  npogoounca ¢ omxodom  yereoboeawenus LJOD
0mx00bl yeneoboeaweHus, «bepesosckasy (nocne msgicenocpednoll cenapayuu u cuodpocaiizepos).
sblYEIAUUBAHIE, U3GTeUEHUE, THonyuennvie 06pasyvl uccnedosamvl Memooom

CNeK, KeK, KOHYeHmpam, peokue  PeHmeeHOPDIYOPeCYeHmMHO20 aHanu3d, OOHAPYICEHbl OKCUObI UMMPUs U
U peoKo3eMeNbHbLe JNeMEeHNbl upuous.

Jna yumuposanun: Yepkacoa T.I'., Ucakosa U.B., I'mamsarymmuHa FO.P., Yenckas B.B. Pa3zpabotka
METOAMKH KOMIIIEKCHOW IepepabOTKH OTXOJOB yrieoOoralieHus ¢ IpUMEHeHHeM cyibbaruzanun //
BectHuk Ky30acckoro rocyaapcTBeHHOro TeXHHYecKoro yHuepcuteTa. 2023. Ne 5 (159). C. 47-54.
DOI: 10.26730/1999-4125-2023-5-47-54, EDN: IDWNTH

BBenenue

B03MOXHOCTB pellieHHs MUPOKOTO Kpyra MmpooiieM, TaKuX KakK BHICBOOOXKICHHE 3HAYUTEIHHBIX
TEPPUTOPHUM, 3aHATBHIX OTXOJAaMH, CHIDKCHHE DKOJIOTMYECKOW Harpy3kdu Ha artmocdepy,
HMIIOPTO3aMENIEHNE U JOCTHXKEHUE TIPU STOM TMOJIOKUTEIBHOTO 3KOHOMUYECKOTO, IKOJIOTUYECKOTO U
conuaabHOro 3((eKToB 3a CYET KOMIUICKCHOW MepepadOTKM TEXHOICHHBIX MECTOPOXKICHHIA
MOJIE3HBIX WCKOINAEMbIX, K KOTOPBIM, B YaCTHOCTU, OTHOCSATCS OTXOMABI YriieoOOTalieHus,
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yrienepepadOTKH M 30JIOLUUIAKOBBIE OTXOZBI, MpPUBJIEKAeT Bce Ooibpllee BHUMaHHE. Taroke
KOMIUJIEKCHBIM IIOJIXOJ IO3BOJIUT COKPAaTUTh OOBEMBbI I'€OJOr0-pa3BelOYHBIX U TOPHBIX padOT Ha
0c000 OXpaHsAeMBIX TeppuTopHsx [1-5].

OrpoMHbIe 00BEMBI HAKOIJICHHBIX 30JIOIUIAKOBBIX OTXOAOB (coryacHo [6] B P® HakomeHo
Oonee 2 mupa TOHH 3016l M mUIakoB TOC M MeTaUTyprHyYecKuX Mpennpustuii, a B KemepoBckoii
obmactu-Ky30acce exeroqHo HakarmInBaeTcsl OKOJIO 3 MIIH TOHH 30JI0IIJIAKOBBIX OTXOZO0B) U HAJIM4He
psna UEHHBIX Ae)UIMUTHBIX METAJUIOB: IUPKOHMS, HHOOWS, Tamius, MoiauOaeHa, BaHAAMA, CelicHa,
raHUS U 30J10Ta B MPOMBIIIJICHHO-3HAYNMBIX KOJIMYECTBaX, a TAKXKE B 3HAUUTEIBHBIX KOJINYECTBAX
P3M 1mepueBoil m WTTPHEBOH TPYymI B 30JONUIAKOBBIX OTXomax Kys3Hemkumx yriaed co3maroT
NEePCHEKTUBBI [T U3BJICUCHUS U TOIyYEHHsI KOHLIEHTPATOB PEIKUX U PEAKO3EMENIbHBIX 3JIEMEHTOB U3
OTXOJIOB yIiieo0OoTralieHusl, yriaenepepaboTKy U 30JI01LUIAKOBBIX 0TX010B [7-9].

MupoBoit crpoc Ha P30 u gpyrme crparermuecKkMe MeETayUlbl OBICTPO pacTeT W3-3a WX
UCIIOJIb30BaHMS B Pa3IMYHBIX IEPEIOBBIX TEXHOJIOTHUECKUX Cepax: paaro3IeKTPOHHUKE, «3EJICHOID
SHEpreTHKe, aBhHa- M PaKETOCTPOCHUH, CYJOCTPOEHHH, AaTOMHOM IIPOMBIIIJIEHHOM KOMILIEKCE,
BOCHHO-TIPOMBIILICHHOM cekTope [10-13].

«Matepuainos, ClIOCOOHBIX MOJIHOCTHIO 3aMEHUTH JAHHBIE 3JIEMEHTHI 110 CBOUM XapaKTePUCTUKAM
U CcBOWcTBaM, (akTHYeCKH HET. B COBpEeMEHHBIX peanusXx HMMEHHO HAM4We STHX YHUKaIbHBIX
KOMIIOHCHTOB MOXET OMNpEeAETHTh YCHeX WM ke, HAoOOpOT, HeyAayy B MOCTIDKCHHHM Hay4dHO-
TEXHUYECKOro mporpecca. HecinydyaliHO X CUMTAIOT «HOBOHW HE(PTHIO», a SKOHOMHUYECKH Pa3BUTHIE
CTpaHBI BBICTPAWBAIOT IIeNIbIe CTPATETWH, YTOOBI OOECMEYNTh TEKyIue W OyIayllue MOTPEeOHOCTH B
HEOOXOAMMEIX dJ1eMeHTax» [13].

ABtopamu [14-15] 03BydeHBI MPOOIEMBI WCIIONB30BAHUS OTXOMOB YTIIENOOBIYH, CJIETAHBI
BBIBOABI, YTO [UIi pELIeHHs MNpoOJaeMbl YTWUIM3ALUMK MUHEPAIBHBIX OTXOHOB I0OBIBAIOLIEH,
nepepadaThIBalONICH MPOMBIIUIEHHOCTH M TBEPJOTOIUIMBHOW HEPTreTHKH HEOOXOAMMa MOAIepKKa U
pa3paboTKa MEpOINPHATHI CO CTOPOHBI rocynapcTBa, uToObl Poccusi cMorna 3akpenuTth 3a coOOH
CTaTyC MPOrPECCUBHON YTONBHOM CTpaHBl 332 CUET Pa3BUTHS MPUMEHEHHUS BBICOKMX TEXHOJOTUH B
oOnactu nepepabOTKH YIJis ¥ OTXOOB YIIIe00O0TalllCHHSI.

Llenplo maHHOM HCCIENOBATENbCKOM pPa0OTHl SBIsiETCS pa3paboTKa BO3MOXKHOW  IIETIOYKH
IpEeBpalieHui 10 nepepaboTKe OTXOA0B YITICOOOTAIIECHHUS M YIiIenepepaboTKH MOCIeI0BaTEIbHBIM
BBIJICJICHUEM MAaKpOKOMIIOHEHTOB, TAaKMX KaK COCIUHEHHUS aJIOMMHUS, XXejie3a W KPEeMHUs, U
MOJTy4YeHHEeM KOHIEHTpaTa peAKO3eMeIbHBIX METAIJIOB.

IKCNepUMEeHTATbHAA YaCTh, Pe3yJbTaThl H UX 00CYXKICHUE

OCOOEHHOCTBIO TOCTYIHBIX OTXOJ0B KaK CHIPHEBBIX MCTOYHHMKOB SIBIISIETCSI HU3KOE COJEpKAHUE
P3M u cnoxHBIN MUHEPAIOTHYECKHUI COCTaB, 3aKITFOYAIONIUNCS B BEICOKOM COJIEP’KaHUN COSIUHEHUI
JKenesa, aIOMUHUS U KPEMHHUSI.

OO0BEKTOM HCCIEOBAHUS SBISIICS OTXOJ TspKenmocpenHoit cemaparuu [[OD «bepesoBckast», %
(macc.): 62,50 SiOy, 21,7 Al;O3, 4,60 Fe,03, 0,05 MnO, 1,70 SOz, 3,00 CaO, 5,30 K30, 0,94 TiO, u
JIp., CYMMa PeJIKO3eMEeIIbHBIX 3JIEMEHTOB cocTarisuia ¥ P3M = 228,66 r/t.

B pabore mpencrasieHa anpoOUpoBaHHAs cXxeMa repepadoTku oTxona yrieodoramenus (Puc. 1)
C MOJIy4YeHHEeM KOHLEHTpaTa okcuaoB P3M n kpeMHHiicoaepKaIIero KeKa.

Cxema mnepepaboTku otxona (Puc. 1) BriIouaeT ClIeAyIONIUE OINEpalvu: Cyib(paTU3aiuio,
BbIIIIEJIAYMBAaHUE TIOJYYEHHOTO CIeKa BOJOM, OCaKIeHHE T'MAPOKCHIOM HATpHUs THIPATHOTO OCaJKa,
coaepxaimiero P3M, BrllllenaurBaHue MONYYEHHOIO OCaJKa, MONYYEHHE OKCcalJaTHBIX cojedl P3M,
npokanuBanue 10 okcunoB P3M. CopepkaHue OCHOBHBIX KOMIIOHEHTOB IPOBOAMIIM Ha
peHTreH0(IIyOpECIIEHTHOM crieKTpoMeTpe (criekTpockad MAKC-GV).

Cynvghamuszayus. Vicxogaele o0pasipl 0TXona TshKenocpeanon cenapauu LOD «bepesoBckasy
maccoii o 200 r noasepranu cynbdaruzanun IM cepHoit kuciaoTol oobemom 24 mi nipu t = 200°C B
TE€4YeHHe 2 4acoB.

Buiyenauusanue  6ooou. V3menvueHHBIH  Cynb(aTHBIA  CIEK  MOABEprajid  BOJHOMY
BHIIIIENIAaUMBaHMIO. TeMrepaTypa npoBeAeHus s3KkcrepuMenTa cocrasisiia 80-90°C, macca Boast 500 T,
BpeMs BhIIeNaunBanus 4 4, yactota mnepememmBanus ~ 500 o6/muH. [locne ¢uimbTpoBanusi ObLI
MoJlydeH KpeMHuhcomepkammii kek u P3M-comepkamuii pactBop. Yacte P3M-conepikariero
pacTBopa MOJBEprajf BHINAPUBAHUIO, YTOOBI ONMPENETUTh €ro cocTaB. JlaHHBIE IO COCTaBy KeKa U
P3M-coaneprkariero pacTBopa npuBeaeHs B Tabmure 1.
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Tab6muna 1. Pe3ynbTaTel onpeneraeHus 2JIEMEHTHOTO COCTaBa KpeMHHUHCOIEpIKaIero keka U pacTBopa 1mocie
($UIBTpOBaHUSA

Table 1. Results of determination of the elemental composition of silicon-containing cake and solution after
filtration

| Oxcun Copepxanue Macca  okcugoB | Conmepkanue Macca oxcuaoB | CteneHb '
| OKCHJIOB B | MIEMEHTOB B | okcunoB B P3M- | anemeHTOB B | pa3jieieHus |
i KPEMHUICOJEP | KPEMHUIUCOAEPKA | COAECpIKAILEM P3M- (xex/pacTBop), |
! KalleM Keke, | meM Keke (Mmacca | pacTBope, % coJiepKalieM % i
' % KpeMHHUHCcOoepxKa pacTBope (Macca !
| 1ero KeKa HaBecku P3M- !
| cocrasisna 222 1) COJIEpKAIIEro |
E pacTBopa mocie |
! TIPOKAJIMBAHUSA, i
\ 19,437 1) !
| SiO, 65,441 145,279 - - 100/0 |
i Al;O3 17,634 39,147 42,023 8,168 83/17 |
11 SO3 6,495 14,419 22,126 4,301 77/23 i
| K20 5,063 11,240 9,738 1,893 86/14 !
i| Fe;03 3,086 6,851 23,146 4,499 60/40 |
i Ca0 1,180 2,620 1,975 0,384 87/13 i
il TiO2 0,914 2,029 - - 100/0 !
| V20s 0,050 0,110 0,031 0,006 95/5 |
i 210, 0,041 0,091 - - 100/0 |
1 Sro 0,028 0,062 0,018 0,003 95/5 i
il Rb2O 0,023 0,051 0,012 0,002 96/4 !
| Cuo 0,010 0,022 0,025 0,005 81/19 |
i MnO 0,007 0,016 0,409 0,079 17/83 i
il Cr203 0,006 0,013 0,028 0,005 72/28 !
| Y203 0,006 0,013 0,008 0,002 87/13 |
i Ga,0s 0,004 0,009 - - 100/0 |
' PbO 0,004 0,009 - - 100/0 i
il ZnO 0,004 0,009 0,098 0,019 32/68 !
| NbO 0,002 0,004 - - 100/0 |
i ThO> 0,001 0,002 - - 100/0 i
1| P20s - 0,351 0,068 0/100 !
| NiO 0,008 0,002 0/100 |
i 11,05 0,005 0,001 i

Ocasicoenue. B momydeHHbIH Cyab(QaTHBI pPacTBOp NPH IOCTOSHHOM IE€PEMEIIMBAHUU U
temneparype 50-60°C mo0aBisuii pacTBOp TUAPOKCHIA HATPUS KOHICHTpamuen 7,75 monb/i 10 pH 7.
ITocne okonuanus go6asnenus pactsopa NaOH nonmyyeHHyI0 My by EpeMENINBaIN B T€UeHHE 2 4.

Buiyenauusanue P3M-cooepoicaweco euopamnozo ocadka. llomyuennsiii P3M-conepxaruii
THIPATHBI  OCaJOK  BBIIIENAYMBAIM  pPACTBOPOM THUAPOKCHIA HATpUsg TPU  HHTEHCHBHOM
MepeMEeNINBaHN U 33/IaHHBIX TeMIlepaType M BpeMeHH Imporiecca. [lodydeHHbIN amroMUHATHBIN
pacTBOp BBICYIIMBAIM M IPOKAIMBAIM, Macca OcTaTKa IOcje MpoKaduBaHus cocTtaBumia 3,157 1.
Pesynbrarhel ananu3a npuBeieHs B Tabmuie 2.

Ionyyenue oxcanamuuix coneti u npoxkanusanue. IlomyyeHne okcalaTHBIX COJIEH OCYIIECTBIIAIN
Py TOCTOSHHOM IEPEeMEIIMBAaHUM W KOHTAKTUpOBaHWMM P3M-conmepxaiiero keka ¢ pacTBOPOM
maseneBoii kucnotel HoCo04 ¢ koHuenTpammeit 2 Mons/am® npu Temneparype 90°C, coOTHOIEHHH
T 2K = 1:5 B Tedermme 3 4. 3aTeM MPOBOIWIM TMPOMBIBKY TBEPIOTO MPOAYKTA, CYIIKY U €ro
npokanuBanue mnpu Temneparype 900°C B Teuenume 2 4. Takke BBIIApUBaId M MOJBEPraif
NpoKaMBaHui0 (uibTpar. Pe3ynbraThl ompeneneHusi COCTaBa BBICYIIEHHOTO M MPOKAJIEHHOTO
¢GuIbTpaTa U TBEPJIOTO MPOYKTa IpUBeeHbl B Tabmuie 3.

Kak BumHo m3 Tabmuipl 3, B ocTaTke MOCie MPOKAIMBAHKS OOHAPYKEHBI PEIIKHE DIIEMEHTHI
UTTPUHN U UPUIUH.
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Tabmuua 2.  Pesynbrarel  ompeneneHus
COJIEpXKAaHUA  OKCHJIOB B  QJIOMHUHATHOM
pacTBope Hocie NpoKaTuBaHUS

Table 2. Results of determination of the content

Tabmuna 3. PesynbraThl omnpeneneHus colepiKaHus
OKCHJIOB B (DMIIBTPATE U TBEPJOM MPOAYKTE

Table 3. Results of determination of the content of
oxides in the filtrate and solid product

i of oxides in the aluminate solution after i i Okenn Conepxanue Conepxanue |
i_calcination ¥ OKCHJIOB B | OKCHOB B |
i Oxcup ConepxaHre OKCHIOB B E | dbunsTpare, % TBEPIOM '
! ATIOMUHATHOM pacTBope, |! i ocratke, % :
| % 1! | SOs 35,229 5,037 |
i[ SO 52,553 1 [ AlOs 35,138 5,116 i
i Al;O3 45,516 ! i | Fe0s 24,920 84,535 '
' K20 1,712 : i CaO 1,853 0,548 |
i ZnO 0,100 | K20 1,781 0,246 i
i[ V205 0,030 11 [ P20s 0,530 !
' Ag20 0,022 ' i MnO 0,275 2,263 :
1| CuO 0,018 ' 1 ZnO 0,095 1,686 |
i[ Cr0s 0,018 11 [ V2Os 0,052 i
i[ Fe;03 0,011 11| Cr0s 0,043 !
' Sc203 0,010 : i CuO 0,033 0,345 |
1| Rb20O 0,006 ! [ Sro 0,029 0,006 i
{[ 11,03 0,003 11 [ Y203 0,015 !
U "1 | 1r0s 0,007 !
1 [ NiO - 0,218 !

BobiBobI B R e e

Takum 00pa3oMm, Ha OCHOBAaHHU IPOBEICHHOTO HCCIICIOBAHUS MOXHO CJeNaTh BBIBOJ, YTO
NpeJIOKEHHAsT METOMKA MO3BOJISIET BbIACTATH P3M, HO TpebyeT mopaboTKH B MoA0Ope YCIOBHH,
0COOEHHO Ha CTaJJUU MOJTyYCHHS OKCAJIATHBIX COJICH.

Hccnedosanue svinonneno 3a cuem epawma Munobpuayku Poccuu (Coenawenue Ne 075-15-
2022-1194)
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Abstract.

The possibility of complex processing of technogenic mineral deposits will
lead to the release of significant territories occupied by waste, reduce the
environmental impact on the atmosphere, import substitution, and obtain
positive economic, environmental and social effects. The demand for rare
earth elements (REE) is growing due to their use in various advanced
technological fields: radio electronics, "green” energy, aviation and rocket
engineering, shipbuilding, nuclear industrial complex and military-industrial
sector, and the lack of materials capable of replacing them in terms of
characteristics and properties. Russia should consolidate the status of a
country with high technologies in the field of processing of coal mining
waste, coal processing and coal enrichment. The article presents a proven
scheme for processing carbon enrichment waste to obtain a concentrate of
rare earth metals (REM) and silicon-containing cake. The methodology of the
experiment is compiled, the mode parameters of the operations of
sulfatization, leaching by water, precipitation, leaching of the REM-
containing cake and the production of oxalate salts (temperature and time of
the processes, the ratio of components, the speed of rotation of the agitator)
are given. The experiment was carried out with the waste of coal enrichment
of the Berezovskaya Coal processing Plant (after heavy-medium separation
and hydrosizers). The obtained samples were examined by X-ray fluorescence
analysis, yttrium and iridium oxides were detected.

For citation: Cherkasova T.G., Isakova I.V., Giniyatullina Yu.R., Chenskaya V.V. Development of a method for
complex processing of carbon enrichment waste using sulfatization. Vestnik Kuzbasskogo gosudarstvennogo

TECHNOLOGY OF RARE, SCATTERED AND RADIOACTIVE ELEMENTS


https://creativecommons.org/licenses/by/4.0/deed.ru

BectHuk Ky36acckoro rocy1apcTBEHHOr0 TEXHHUYECKOro yHuBepcuTera. Ne 5. 2023, 53

tekhnicheskogo universiteta=Bulletin of the Kuzbass State Technical University. 2023; 5(159):47-54. (In Russ.,
abstract in Eng.). DOI: 10.26730/1999-4125-2023-5-47-54, EDN: IDWNTH

REFERENCES

1. Abdrakhimov V.Z., Laukhin V.M. Ecological and economic efficiency of ash slag recycling in the production of
porous aggregate. XXI century. Technosphere safety. 2023; 8(1):8-17. DOI:10.21285/2500-1582-2023-1-8-17

2. Anikeev V.V., Silka D.N. From waste from coal-fired power plants to the production of building materials.
Energy policy. 2021; 1(155):48-55. DOI: 10.46920/2409-5516_2021_1155 48

3. Kopytov A.l., Antonov Yu.V. Waste disposal of Kuzbass energy enterprises. Problems and prospects. Bulletin
of KuzSTU. 2013; 4(98):89-91.

4. Dosmukhamedov N.K., Kaplan V.A., Daruesh G.S. Innovative technology of complex processing of ash from
coal combustion. Coal. 2020; 1:58-63. DOI: 10.18796/0041-5790-2019-12-58-63

5. Cherkasova T.G. [et al.]. Analysis of waste from coal mining, coal refining and coal enrichment of deposits of
the Kuznetsk coal basin. Bulletin of the Kuzbass State Technical University. 2022; 6:61-66. DOI: 10.26730/1999-4125-
2022-6-59-66

6. Rimkevich V.S., Pushkin A.A., Churushova O.V. Complex processing of nepheline concentrates by
hydrochemical method. Mining information and analytical bulletin. 2016; 8:346-359.

7. Rimkevich V.S., Pushkin A.A., Girenko 1.V. Complex processing of anorthosites by the fluoride-ammonium
method. Mining information and analytical bulletin. 2017; 6:113-124.

8. Rimkevich V.S. [et al.] Complex processing of aluminum ores by fluoride method. BULLETIN OF IrSTU.
2011; 2(49):163-169.

9. Krysenko G.F. [et al.] Complex processing of loparite concentrate by fluoride technology. Proceedings of the
Kola Scientific Center of the Russian Academy of Sciences. 2018; 9(2-1):145-149.

10. Krysenko G.F., Epov D.G., Medkov M.A. Complex processing of perovskite concentrate by fluoride
technology. Bulletin of the FEB RAS. 2015; 4:113-117.

11. Medkov M.A., Krysenko G.F., Epov D.G. Complex processing of datolite concentrate with ammonium
hydrodifluoride. Bulletin of the FEB RAS. 2010; 5:63-66.

12. Krysenko, G.F. Epov, D. G., Medkov, M.A. Ammonium hydrodifluoride is a promising reagent for opening and
concentrating useful components of polymetallic and technogenic raw materials. Proceedings of the Kola Scientific
Center of the Russian Academy of Sciences. Chemistry and Materials Science, special issue: 1l All-Russian Scientific
Conference with international participation dedicated to the memory of V. T. Kalinnikov "Research and development in
the field of chemistry and technology of functional materials™. 2015; 5(31):76-80.

13. Rimkevich V.S., Pushkin A.A., Churushova O.V. Complex processing of coal ash of CHP. Mining information
and analytical bulletin. 2015; 6:250-259.

14. Medkov M.A., Krysenko G.F., Epov D.G. Ammonium hydrodifluoride — a promising reagent for complex
processing of mineral raw materials. Bulletin of the FEB RAS. 2011; 5:60-65.

15. Tripathy A.K., Behera B., Aishvarya V. [et al] Minerals Engineering. 2019; 131:140-145. DOI:
10.1016/j.mineng.2018.10.019

© 2023 The Authors. This is an open access article wunder the CC BY license
(http://creativecommons.org/licenses/by/4.0/).

The authors declare no conflict of interest.

About the authors:

Tatiana G. Cherkasova, Dr. Sc. in Chemistry, Professor, Director of the Institute of Chemical and Oil and Gas
Technologies, T.F. Gorbachev Kuzbass State Technical University, (28 street Vesennyaya, Kemerovo, 650000,
Russian Federation), e-mail: ctg.htnv@kuzstu.ru

Irina V. Isakova, associate Professor of the Department of Chemistry, Technology of Inorganic Substances and
Nanomaterials, C. Sc. in Chemistry, T.F. Gorbachev Kuzbass State Technical University, (28 street Vesennyaya,
Kemerovo, 650000, Russian Federation), e-mail: ivi.htnv@kuzstu.ru

Yuliya R. Giniyatullina, associate Professor of the Department of Chemistry, Technology of Inorganic
Substances and Nanomaterials, C. Sc. in Chemistry, T.F. Gorbachev Kuzbass State Technical University, (28
street Vesennyaya, Kemerovo, 650000, Russian Federation), e-mail: giniyatullinayur.@kuzstu.ru

Valentina V. Chenskaya, associate Professor of the Department of Chemistry, Technology of Inorganic
Substances and Nanomaterials, C. Sc. in Chemistry, T.F. Gorbachev Kuzbass State Technical University, (28
street Vesennyaya, Kemerovo, 650000, Russian Federation), e-mail: cvv.htnv.@kuzstu.ru

Contribution of the authors:
Cherkasova Tatiana Grigorievna — statement of the research problem;

TEXHOJIOI'MA PEJKNX, PACCEAHHBIX 1 PAAMOAKTHBHBIX 2JIEMEHTOB



54 Bulletin of the Kuzbass State Technical University. No 5. 2023

Isakova Irina Valerievna — review of relevant literature, experiment, data collection and analysis, conclusions,
text writing;

Giniyatullina Yulia Radikovna — review of relevant literature, experiment, data collection and analysis,
conclusions, writing text;

Chenskaya Valentina Vasilyevna — review of relevant literature, experiment, data collection and analysis.

All authors have read and approved the final version of the manuscript
All authors have read and approved the final manuscript.

TECHNOLOGY OF RARE, SCATTERED AND RADIOACTIVE ELEMENTS



