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2 Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics
to be accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and
the Arts & Humanities Citation Index. The quality and depth of content Web of Science offers to
researchers, authors, publishers, and institutions sets it apart from other research databases. The
inclusion of News of NAS RK. Series of geology and technical sciences in the Emerging Sources
Citation Index demonstrates our dedication to providing the most relevant and influential content
of geology and engineering sciences to our community.

Kazaxcman Pecnyonuxacol ¥nmmoix eoiivim akademusicol « KP ¥£A Xabapnapwi. 'eonoeusi scane
MEXHUKATLIK bLIBIMOAD CepUsiCbly bliblMU JcypHaabinbiy Web of Science-miy oicananranzan
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol JcypHandvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvL10ay macenecin xapacmoipyoa. Webof Science szepmmeyuiinep,
asmopnap, bacnawbliap MeH meKkemenepee KOHmMeHm mepenoici MeH canacvih Ycovlnaowvl. KP
¥F'A Xabapnapwi. I'eonocus scane mexnuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yulik ey 63eKkmi Jicane 6e0eN0l 2e0N102Usl HCIHE MEXHUKATBIK
2LILIMOAp OOUbIHULA KOHMEHMKE A0ai0bleblMbl30bl OLI0IPEOi.

HAH PK coobwaem, umo nayunoiii sicypran « zeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
HayK» 6vL1 npunam 0ns undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpOBaHUuU HAXOOUMCS 8 CMAOUl paccMOmMpeHUs
rxomnanueu Clarivate Analytics ons danvheiiueeo npunsmus scypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index.
Web of Science npeonacaem xauecmeo u enyouHy Kommenma 0/ ucciedogamenell, dgmopoes,
uzoamenei u yupexcoenuil. Brxnouenue Uzeecmus HAH PK. Cepus eeonocuu u mexnuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYANIbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102Ul U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmaa.



KAWMBIFBIMABIABIK, KOFBI

HALYK

CHARITY FOUNDATION

YD «XAJBIK

B 2016 romy ans pa3BUTUS W YAyYIIEHHS KaueCTBa >KU3HU Ka3axCTaHLEB ObLI
CO3J1aH YacTHbIH bnarorBoputenbHblid GoHa «Xaibky». 3a robl CBOSH IesITeIbHOCTH
Ha peajHu3aluio OJaroTBOPUTENILHBIX MPOEKTOB B 00JacTAX oOpa3oBaHMS M HAyKH,
COLMAJILHOM 3aIlUThI, KYJIbTYPBI, 31paBooxpaHeHus u cnopra, Ponp Beyaenua Oosee
45 MunnuapaoB TEHre.

Oco6oe BanManue biarorBopuTenbHbIH GOHT «XaJIbIK» yienseT 00pa3oBaTeIbHbIM
IporpaMmam, CUuTas 3TO HaIlPaBJIE€HUE OJHUM M3 KIIIOYEBBIX B CBOEH JIEATENBHOCTH.
Oxa3biBasi MOAJIEPKKY OTEUECTBEHHOMY 00pa30oBaHuto, GOHI BHOCHT CBOI OCHIIbHBIN
BKJIaJI B Pa3BUTHE KauecTBEHHOTo oOpa3oBanus B Kazaxcrane. Tem caMbiM ciocoOCTBY S
pOCTy uncIa JItoneH, ClIoCOOHBIX MEHSTh XKU3Hb B CTPaHe K JIy4IlleMy —Ipo(ecCHOHAIOB
B pa3iMyHbIX cdepax, MOTCHUUAIBHBIX JIMACPOB M «BEJIUKUX YMOB». OmHOH U3
3HAUUMBIX HMHUIMATHB (oHJa «Xanblk» B oOpas3oBaresibHOW cdepe cTajm MpoeKT
Ozgeris powered by Halyk Fund — mepBblii B cTpane OuzHec-uHKYOaTop ISl yUaluxcs
9-11 xmaccoB, KOTOPBIH MOMOTraeT pa3BUBAaTh HEOOXOOMMBIE B COBPEMEHHOM MUpE
MpeANPUHUMATENILCKUE HaBbIKK. Tak, Ha comeliCTBHE MajoMy OHM3HECY IMIKOJIbHHUKOB
66110 BhIIeneHo Oosee 200 rpanToB. J{iist mo/iep KKy TadaHTIIMBBIX 1 MOTHBHPOBAHHBIX
nereit @OoHI HEOAHOKPATHO BBLACISUT TPaHThI HAa 00yueHue B MexTyHapOJHOH IIKojIe
«Mupac» u B Astana IT University, a Taxke MOMOI Ka3aXCTaHCKUM LIKOJbHHKAM
npuHATH yyactue B npectxHoM KoHKypce «USTEM Robotics» B CILIA. ABropckue
pabotel B pamkax npoekra «Tomimrep», koropomy DoHI OKa3an HOAICPIKKY, JICIIIU B
OCHOBY Y4€OHOH MPOrpaMMbl, Y4€OHHKOB U Y4€OHO-METOANYECKUX KHHUT IO MIPEAMETY
«OCHOBBI TIpeANpUHUMATENBCTBA U Ou3Heca», mpenogaBaemoro B 10-11 xmaccax
Ka3aXCTAaHCKMX ILKOJ U KOJUIEIKEH.

[TomuMo mnomoIIM MIKOJIBHMKAM, ydallMMcs KoJulepked u cryaeHTtaM DoHp
CUMTAET BAXXHBIM BHECTH CBOW BKJIAJ B IMOBBILICHHE KBAIM(QHUKALWN IIE€AaroroB,
COBEpIIEHCTBOBAHNE HUX 3HAHUH U HABBIKOB, IOCKOJIBKY HMEHHO OHHU SIBJISIOTCS
MIPOBOAHMKAMH 3HAHUM OydyHIMX MOKOJIeHHH KazaxcTanueB. [Ipu mognepxke donna
«XanplK» B IOKHOH cTONMIEe ObUI OpPraHW30BaH €XKEroJHbIM TOPOACKOW KOHKYpC
nenaroroB «Almaty Digital Ustaz.

BaxHoll MHMLIMATUBOW CTayl pealu3yeMblii MPOEKT 1O OOy4YEeHHIO OCHOBAM
(UHAHCOBOM TPaMOTHOCTH MpernojaBareield n3 BockMH obmacteil Kazaxcrana, urto
JIOJDKHO OKa3aTh CYIIECTBEHHOE BIIMSIHUE Ha BOCIIUTaHUE (PMHAHCOBOW IPAMOTHOCTH H
MPEeINPUHUMATEIBCKOTO MBIIIJIEHHS Y HOBOTO TIOKOJIEHHSI IPaX</1aH CTPAHBI.

Heo6xomumyto nomorip @oHpa «Xajablk» OKa3blBaeT U TEM, KTO 0COOEHHO OCTPO
B Hell Hyxnaercs. B paMkax counaibHOM 3alllUThl HACEJIEHHsS aKTHUBHO NPOBOAUTCS
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paboTa 1o TOAJEPKKE JIETeH, OCTABIIMXCS 03 pOJAUTENCH, JeTedl W B3POCIBIX U3
COLMAJIbHO YA3BUMBIX CJIOEB HACEJICHMUS, JIFOJEH C OTPAaHUYEHHBIMHA BO3MOKHOCTSIMHU, a
TaKKe 00eCIEUESHUIO HYKIAFOIIUXCS COIUABHBIM KUIbEM, CTPOUTEIBCTBY COLIUATBHO
BaXKHBIX OOBEKTOB, TAKUX KaK JCTCKHE CaJbl, ACTCKHE TUIOIIAIAKU U (PU3KYIBTYpPHO-
03JI0POBUTEJIbHBIE KOMIIJIEKCHI.

B xommnky no0peix gen @onnma «Xanablk» MOXKHO JOOABUTh OKa3aHUE MTOMOIIH
JIETCKOMY CIIOPTY, Ky/ia OTHOCHTCS TIOJICPKKA B PA3BUTUU JIETCKOTO (PyTOOJIA M Kapare
B Hamiel crpaHe. JKMU3HEHHO Ba)KHYIO TIOMOIIL braroTBopuTeNnbHbIN QOHI «XaTblky»
OKa3aJl HalllUM COOTeUECTBEHHUKAM BO BpeMsi HeaasHell nangemun COVID-19. Torga,
B pasrap TsDKenod 0ophObl ¢ KopoHaBUpYCHOH nHpeknuerd Dounx Beiaenui cBbime 11
MUJUTMAPJIOB TEHI'e Ha MPHOOpPETeHHE HEOOXOAMMOI0 MEIUIIMHCKOTO 00O0pYIOBaHUS
U JIOPOTOCTOSIIUX MEAMIMHCKUX IPEraparoB, aBTOMOOWIICH CKOPOM MEIMIIMHCKON
TIOMOUIHU U CPECTB 3aLIUThL, aAPECHYIO MAaTEPUAIbHYIO IOMOLIb COLIMAIBHO YSI3BUMBIM
CJIOSIM HACEJICHUS U JICHE)KHBIC BBITUIATHI MEUIIMHCKUM PaOOTHUKAM.

B 2023 romy Hapsamy c OpYyrUMU TPOEKTaMH, HAlCJICHHBIMM Ha IMOBBIIICHUE
0JIaroCOCTOSIHUST Ka3aXCTaHCKUX TpaxkaaH DOHJ peniwi yneinuTb 0C000€ BHUMAaHHUE
HayKe, MOCKOJIbKY OHa SBJISIETCS YacThlO0 OOIIECTBEHHOW KYJIBTYPhI, & YPOBCHb €€
pa3BUTHS ONPEIETAET YPOBEHD Pa3BUTHUS FOCYIapCTBA.

[Honnepxkka @oHAOM BbIMyCcKa >KypHajgoB HamuonanbHOM AkageMun Hayk
PecriyOnuku KazaxcraH, KOTOpbIe BXOAST B MEXIyHapoiHble (OHABI Scopus u
Wos ¥ B KOTOPBIX NYOJNUKYHOTCS CTaTbd OTEUECTBEHHBIX YYCHBIX, JIOKTOPAHTOB W
MarvCTPaHTOB, a TaK)KE HAYYHBIX COTPYJAHHMKOB BBICHIMX Y4YEOHBIX 3aBEJCHHUN W
HAy4HO-UCCIIEA0BATENbCKUX MHCTUTYTOB HALLIEN CTPAHBI SIBJISECTCS HE MEHEE 3HAYMMBIM
BKutajjoM DOH/Ia B pa3BUTHE Ka3aXCTAHCKOTO OOIIIEeCTBA.

C yBakeHunem,
BbaarorBopurebHblii ®ona «XaabIky»!



Bac penakrop

7KYPBIHOB Mypar 7KypbIHYJIbI, XUMHA FBUIBIMIAPBIHBIH TOKTOPHL, Ipodeccop, KP ¥FA akanemuri,
«Kazakcran Pecryonukacel ¥ITThIK FhUTBIM akanemusicby PKB-win npesunenti, AK «/1.B. Cokonbckuit
aTBIHJIAFBl OTHIH, KaTalll3 jKOHE IEKTPOXUMHUS MHCTUTYTBIHBIH» Oac aupekTops! (Anmarsl, Kazakcram)
H=4

FplabiMu XaTiibl

ABCAJIBIKOB BaxbiT Hapukdaiiyabl, TeXHHKa FRUIBIMIApPBIHEIH JOKTOpHI, mpodeccop, KP ¥FA

JKayanThl XaTbICkl, A.B. BekTypoB aTbIHAaFBI XUMUS FRUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnaknusaabplK ajdka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopablH OpbIHOAcaphl), TI'€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, mpodeccop, KP ¥FA akamemuri, «Y.M. Axmencadunua aThIHAAFEI
THIIPOTCOJIOTHUS KOHE TCOIKOIOTHI MHCTUTYTHIHBIHY» TUPEKTOphI (AnmMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcAphI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH TOKTOPBI, mpodeccop, K.M. CarmnaeB ThIHIAFBI T€ONOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
nupektops! (Anmarsl, Kazakcran) H=2

CHOY [Iaumen, Ph.D, kaybiMaacTeipsutran npogeccop, Hebpacka yauusepcutetiniy Cy FbUIBIMIAPbI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typassl FbutbiMaap Oestiminae
TIeTPOJIOTHS XKOHE Taiiiaibl Ka30anap KeH OpBIHIApPBI CalachIHIAFEl 3epTTeyIepais kerekmrici (Jlonmomn,
Anrnus) H =37

MMAH®WJIOB Muxaua BopucoBud, TeXHHKa FRUIBIMIAPBIHBIH JOKTOPEI, HaHncn yHHBepcHUTETIHIH
npodeccopsl (Hancu, @pannms) H=15

IIEH IMun, Ph.D, KpITaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMepHKaH/IbIK YKOHOMHKAIBIK Teosiortap KaybiMaacToiFbiHbIH Mymieci (ITexun, Kpitait) H = 25

DOUIIEP Axkceab, Ph.D, /Ipe3neH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMIACTBIPBLIFAH TIpodeccopsl
(dpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, TE€OJOTUS-MHHEPAIOTUs FHUIBIMIAPEIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpopumyka arblHIarbl MyHaii-ra3 TeoJIOrHsChl KHE reo(U3HKa
nHctuTyThl (HOoBOCHOHpCK, Peceit) H = 19

ATABEKOB Baagumup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH JT0KTOpEI, benapycs ¥FA akaxemuri,
JKana Matepunanaap XUMHUSICBI HHCTUTYTBIHBIH KYpMeTTi qupekTops! (Munck, berapycs) H = 13

KATAJIUH Credan, Ph.D, [[pe3neH TexHUKaIBIK yHUBEPCUTETIHIH KAy bIMaCTBIPBUIFaH IIPodeccopbt
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoiorns-MHHEPANOTHsS FHUIBIMIAPBIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.M. Carraes arsiaaarbl [ €010THs FRUTBIMIAPEI HHCTUTY THI
3epTXaHachlHbIH MeHrepymrici (Anmarsl, Kazakcran) H=11

CAYBIHTAEB Kanaii, Ph.D, xaysimmacteipsuiran npogeccop, Hazapbaes ymmsepcuteti (Hyp-
Cyurran, Kazakcran) H =11

DPATTUHMU IMaosno, Ph.D, bukokk Munan yHHBEpCUTETI KaybIMAACTHIPBIIFAH Mpodeccopsl (MmuiaH,
Uranus) H =28

«KP YFA» PKb Xaoapaapsbl. ['eosiorust xoHe TeXHHKAIBIK FHLIBIMAAP CEPUSICHD).
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymri: «Kazakcran PecryOnukachiHBIH ¥JITTHIK FRUTBIM akageMusicky PKB (Anmarst k.).
Kazakcran PecmyOnukachiHBIH AKIapar »KoHE KOFaMIBIK JlaMy MUHHCTPJIITiHIH AKHapar KOMUTETiHIE
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 0acbUIBIM TipKeyiHEe KOWBLTY Typalibl KydJIiK.
TaKbIPBINTHIK OAFBITHL: 2€0102Usl, MYHAL HCIHE 2a30bl OHOEYOTH XUMUAIBIK MEXHOL02UAIAPbI, MYHAL
XUMUACHL, MEMAn0apObl ALy HCIHE ONAPObIH KOCLIHObLIAPHIHbIY MEXHOIOSUACDL.
Mep3iMAiTiri: )KpUIbIHA 6 PET.
Tupaxsr: 300 nana.
Penakuusiaeig MekeH-kaiibl: 050010, Anmarsr k., [lleBuenko kerr., 28, 219 6eur., Ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© «Kazakcran PecnyOnukachiHBIH ¥IJITTHIK FRUTBIM akagemusicky PKB, 2024
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I'naBHBbIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOP XMMHUYECKUX HayK, mpodeccop, axagemuk HAH PK,
npesunenT POO «HanmonansHol akagemun Hayk Pecryonmku Kasaxcran», renepanbHbiii aupexrop AO
«MHCTUTYT TOTUMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBII cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpogeccop, OTBETCTBEHHBIN

cekperaps HAH PK, UucTnTyT XuMnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenaknuoHHas KodJgerus:

ABCAMETOB Maauc KyabicoBud, (3aMeCcTUTENb TNIABHOTO PEAAKTOPA), JOKTOP FEOIOTOMHUHEPAIIO-
THYECKUX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTa THAPOTE€OIOTUU U T€OIKOTOTUH M.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEPAo-
IHYeCKUX Hayk, mpodeccop, mupekrop MHcruryrta reonmorndeckux Hayk nm. K.M. CartmaeBa (Amnmarsl,
Kazaxcran) H=2

CHOY Jpunen, Ph.D, acconnupoBanHslii mpodeccop, aupexrop JlabopaTopun BOIHBIX HayK YHHBED-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIen0BaHIN B 00JIACTH IIETPOJIOTHU U MECTOPOXKIACHHUN
M0JIe3HBIX HCKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

IMAH®HWJIOB Muxana BopucoBud, T0KTOp TEXHHYECKHX Hayk, mpodeccop Yansepcutera Hancn
(Hancu, ®pannus) H=15

HIEH ITun, Ph.D, 3amecturens qupexropa Komutera o ropxoii reosornu Kuraifickoro reooruaeckoro
o01ecTBa, wieH AMEpUKaHCKOW acconmanuy skonomudeckux reojoros (ITexun, Kurait) H = 25

OUIIEP Axcens, acconmmpoBaHHBIH Tpodeccop, Ph.D, Texumueckmii yHuBepcurer Jlpesnen
(Hpesnen, bepnun) H=6

KOHTOPOBUY Aunekceii DMuIbeBHY, JOKTOP TI'€0OJIOTO-MHHEPAIOTHYECKUX HAyK, Ipodeccop,
akagemuk PAH, Uuctutyr HedrerasoBoit reomornu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H =19

AT'ABEKOB Baagumup EHokoBHY, TOKTOp XMMUUECKUX HayK, akajeMuk HAH benapycu, moueTHsIi
mupekTop MHCTHTYTa XMMHUU HOBBIX Marepuaiios (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuupoBanusiii mpodeccop, Texuuueckuit yauepcutet (JpesneH,
Bepnmun) H = 20

CEMTMYPATOBA Dieonopa FOcynoBHa, TOKTOp reonoro-MAHEPAIOrHYECKHX HayK, Tpodeccop,
uneH-koppecionneHT HAH PK, 3aBenyromas naboparopun MHcTHTyTa Teonormdecknx Hayk um. K.
Carnaesa (Anmarsl, Kazaxcran) H=11

CAT'MHTAEB Kanuaii, Ph.D, accormmupoBannslit mpodeccop, Hazapdaes yausepcuter (Hypcynras,
Kazaxcran) H =11

D®PATTUHU IMaoso, Ph.D, acconmmpoBanHbBIil mpodeccop, MuIaHCKUH yHHBEPCHUTET BHKOKK
(Munan, Utamns) H = 28

«H3Bectuss POO «<HAH PK». Cepusi reo10ruy 1 TEXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
CobcrBennuk: Pecnybnmikanckoe obmmecTBeHHOe 00beinHenne « HarmonanbpHas akaeMust Hayk
Pecny6onmkn Kazaxcram» (T. AMarsr).
CBUIIETENILCTBO O MOCTAHOBKE HA YYET NMEPHOJMYECKOro medaTHoro minanus B Komurere mHpOpManuu
MunncTepcTBa HHGOpMAIHK 1 001ecTBeHHOr0 pa3Butns Pecrryoimku Kazaxcran Ne KZ39VPY 00025420,
BbliaHHOe 29.07.2020 1.
Temaruyeckass HaIpaBICHHOCTb: 2e0n02Us, XUMUYECKUe MeXHON02UU NnepepadomKu Hemu u easa,
Heghmexumus, MmexHoNI02UU U361eUeHUs MEMANN08 U UX COeOeHEHU].
IlepuoauyHocTs: 6 pa3 B rof.
Tupax: 300 sx3eMILIAPOB.
Anpec penakiuu: 050010, . Anmarsr, yii. [lleuenko, 28, od. 219, ren.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© POO «HanmonanwsHas akanemus Hayk PecryOnuku Kazaxcrany, 2024

6




Editorial chief

ZHURINOYV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK, president
of the National Academy of Sciences of the Republic of Kazakhstan, general director of JSC “Institute of
fuel, catalysis and electrochemistry named after D.V. Sokolsky» (Almaty, Kazakhstan) H = 4

Scientific secretary

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of

NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H =5
Editorial board:

ABSAMETOV Malis Kudysovich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, academician of NAS RK, director of the Akhmedsafin Institute of hydrogeology and
hydrophysics (Almaty, Kazakhstan) H=2

ZHOLTAEYV Geroy Zholtaevich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, director of the institute of geological sciences named after K.I. Satpayev (Almaty,
Kazakhstan) H=2

SNOW Daniel, Ph.D, associate professor, director of the labotatory of water sciences, Nebraska
University (Nebraska, USA) H =32

ZELTMAN Reymar, Ph.D, head of research department in petrology and mineral deposits in the Earth
sciences section of the museum of natural history (London, England) H = 37

PANFILOV Mikhail Borisovich, doctor of technical sciences, professor at the Nancy University
(Nancy, France) H=15

SHEN Ping, Ph.D, deputy director of the Committee for Mining geology of the China geological
Society, Fellow of the American association of economic geologists (Beijing, China) H = 25

FISCHER Axel, Ph.D, associate professor, Dresden University of technology (Dresden, Germany) H=6

KONTOROVICH Aleksey Emilievich, doctor of geological and mineralogical sciences, professor,
academician of RAS, Trofimuk Institute of petroleum geology and geophysics SB RAS (Novosibirsk,
Russia) H=19

AGABEKOV Vladimir Enokovich, doctor of chemistry, academician of NAS of Belarus, honorary
director of the Institute of chemistry of new materials (Minsk, Belarus) H =13

KATALIN Stephan, Ph.D, associate professor, Technical university (Dresden, Berlin) H = 20

SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences, professor,
corresponding member of NAS RK, head of the laboratory of the Institute of geological sciences named
after K.I. Satpayev (Almaty, Kazakhstan) H=11
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Abstract. Traditional gas cleaning schemes are mainly equipped with separate gas
cleaning devices that perform the functions of ensuring a given efficiency in cleaning from
dust particles and gas components. In this regard, the creation of combined apparatuses
combining several zones for carrying out various processes in one apparatus is in
demand. Analysis of the operation of combined gas purification devices for purifying
multicomponent gases made it possible to develop the design of a cyclone-vortex action
device, in the lower zone of which a centrifugal mechanism for collecting dust is realized,
and in the upper zone — vortex interaction of a gas-liquid flow in the volume of a regular
packing, which provides absorption cleaning. The development and implementation of
such devices seems to be relevant. In the manufacture of a laboratory installation, the
structural ratios of the cyclone and packed stages of the apparatus of cyclone-vortex
action were obtained based on the recommendations for the manufacture of cyclones, as
well as the results of research and recommendations for the design of apparatuses with

80



ISSN 2224-5278 1. 2024

a regular movable nozzle. In the process of research, standard methods for determining
the hydraulic resistance and dust collection efficiency were used. Based on the results of
laboratory studies, the main calculated dependences of the hydraulic resistance and dust
collection parameters of the cyclone and packed stages and the device as a whole were
obtained, which, along with the recommendations, were used to calculate and design an
industrial device. The cyclone-vortex action device was tested in industrial conditions
and implemented in the technological scheme for the purification of gases leaving the
boiling bed dryer in chromic sulfate production at Aktobe Plant of Chromic Compounds
JSC. According to the results of industrial tests, it was noted that in the cyclone part, the
increase in hydraulic resistance with an increase in gas velocity is due to an increase in
dynamic pressure and losses associated with a change in the direction of gas movement
and friction losses. The effective force acting on suspended solids is the centrifugal
force, the magnitude of which is largely determined by the velocity of the gas flow. In
the packed zone, the operation of the apparatus proceeds in a drop mode, characterized
by a uniform distribution of flows over the cross section of the apparatus, an increase in
the turbulence of the gas-liquid flow, and an increase in the intensity and frequency of
pulsations. This contributes to an increase in the efficiency of dust collection.

Keywords: gas purification device, cyclone-vortex device, hydraulic resistance,
dust collection efficiency, gas velocity, industrial tests, implementation
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AnHoTanus. ['a3apl TazapTyabplH J9CTYpIli cyjibanapsl HETi3iHeH 1maH OenmeKTepi
MEH Ta3 KOMIIOHEHTTEpIHEH Ta3apTy[AblH OEpuIreH THIMIUTIH KaMTaMachl3 €Ty
(GyHKUMSITApBIH OPBIHAAWTBHIH JKEKE Ta3 Ta3apTy anmnaparTapbiMeH >KaOJbIKTasFaH.
Ocpiran OaiimaHbICTBl Oip ammaparTa SpTYpJi MpoLecTephl >Kyprizy YyuiH OipHere
aiiMakTapbl OipikTipeTiH OipiKTipinreH ammaparTapabl Kypy cypanbicka ue. Kerm
KOMIIOHEHTTI Ta3JapAbl Ta3apTyFa apHaJfaH KOJJAHBICTAaFbl OIpIKTIpUIreH ras
TazapTy anmnaparTapblHbIH JKYMBICHIH TalAay UUKIOHABI-KYHBIHIBI 9cep eTeTiH
anmnapaTTblH KOHCTPYKIHACHIH d3ipiieyre MyMKIiH/IK Oeplli, OHbIH TOMEHT1 alMaFbIH/Aa
LIaHBI YCTAYIbIH OPTaJbIKTaH TEMKIIl MEXaHU3Mi, ajl KOFapFbl JKaFbIH/Ia — CIHIPTilI
(abcopOUMsITBIK) Ta3anaybl KaMTaMachl3 €TETIH TYpakThl canTaMa KeJeMiHJIeri ras-
CYWBIKTBIK aFbIHBIHBIH KYHBIHIBI ©3apa 9peKeTTecyi Ky3ere acelpbuiafbl. MyHmai
anmnapaTTap/bl 93ipiey XKoHE SHTi3y 03€KTi OOJIBIN KopiHe . 3epTXaHa bIK KOHbIPFBIHBI
JablHaay Ke3iHJe UMKIOHABI-KYHBIHIBI dCep eTETiH anmaparThlH UKJIOHIBIK
KOHE canTaMalblK CaTbUIAPBIHBIH KOHCTPYKTHUBTIK apakaThIHACHl IMKJIOHIAP/BI
JaibIHaay KOHIHET1 YCHIHBIMIApFa, COHIaii-aK 3epTTey HOTHKEIEepiHe KoHE TYPAKThI
KBUDKBIMAJIBI canTaMachl Oap amnmaparTapibl skoOanay >KeHIHIETi YCHIHBIMIApra
CYHEeHe OTBIPBIN aJbIHIBL. 3epTTey OapbIChIHAA THAPABIUKAIBIK KEACPriiep MEH HIaH
aynayblH THIMIUIICH aHBIKTAY/IbIH CTAHAAPTTHI 9AICTEPl KOJIAHBUIIEL. 3ePTXaHABIK
3epTTEYJICPAiH HOTIKENepl HETi3iH/e TUAPABIMKAIBIK KEJIEPTiHIH JKOHE IMKJIOHJIBIK
KOHE canTaMallblK CaTbUIApAbIH JKOHE TyTacTall ajFaHAa amnmapaTTblH LIaH aysay
napaMeTpliepiHiH HeTi3ri eCenTIK TOYeNIUIIKTepi ajblHAbI, OJNap YCHIHBICTApMEH
KaTap OHEPKACINTIK ammaparThl ecenTey >KoHe jKobajay YIUiH NaliaamaHbUIabL.
LuKIOHIBI-KYHBIHBI 9CEp ETETiH anmnapar eHepKaCINTIK KaFaaiiapaa CbIHAIIbI JKOHEe
"AkTe0e XpoM KochUIbICTaphl 3aybIThl" AK-ma xpom cynbdaTbiH eHaipyae KaiHaraH
Ka0aTThl KENTIPTilITeH IIBIFAThIH ra3fapibl Ta3apTyIblH TEXHOJIOTHSUIIBIK CXeMachlHa
SHTi3111. ©OHEPKACINTIK CBhIHAKTAPABIH HOTWXKeepl OOoWbIHIIA LUKIOH Oeirinae
ra3 O KbUIIAMIBIFBIHBIH JKOFapbUIaybl Ke3iHIE THIPaBIMKaJbIK KeAEPriHiH ecyi
JMHAMHUKAIBIK KBICBIMHBIH ©CYiHE jKOHE Ta3/IblH KO3FaJIbIC OaFbITHIHBIH ©3TepyiHE KOHE
y#Kesic MIbIFbIHAApbIHA OaliIaHbICThI IBIFBIHAAPFA OAIaHBICTBI €KEHIITT aTarl OTUIII.
KatTbl KankbiMa OeniiekTepre acep eTeTiH THIMII KYII-0yJ1 OpTajaH TEeIKill KYLI, OHbIH
MOHI HeETi3iHEH ra3 arbIHBIHBIH KbUIJaMIbIFbIHa OainanbpicThl. CanTama aliMarbIHIa
anmnapaTThIH )KYMBICHI aF bIHAAP/IBIH alapaTThiH KeJAeHEH KuMachl OOMbIHINA OipKeIKi
OesiHyiMEH, Tra3-CYHBIKTHIK AaFbIHBIHBIH TYPOYJACHTTUIITHIH 6©cyiMeH, IyJbcamus
KHUUTITIHIH KapKbIHABUIBIFBIMEH JKOHE YIIFAIOBIMEH CHUIATTaJaThlH TaMIIbl PEXUMIHAC
xypeni. by man aynay THIMIUTITIHIH apTyblHA BIKIAJ €Te/i.

Tyiiin ce3aep: ra3 Tazanay annaparbl, HHKIOHABI-KYHBIH/IBI allllapart, THApaBIuKa-
JIBIK KeJlepri, ay ayaay THIMIUIIT, Ta3 )KbULAaMIBIFbl, OHEPKACINTIK ChIHAKTAp, EHI13y
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AHHoTanus. TpaauIIMOHHBIE CXEMBl OYUCTKH Ta30B OCHAIIEHBl B OCHOBHOM
OT/ICTIbHBIMHU Ia300YMCTHBIMH aIIapaTaMu, BBITOTHSIOMIX (PyHKIIMU 10 00eCTICUeHHIO
3aaHHON 3(P(DEKTHBHOCTH MO0 OYHUCTKE OT MBUIEBBIX YACTHIl H Ta30BBIX KOMIIOHEHTOB.
B aT0#i CcBSI3M BOCTpeOOBAaHHBIM SIBIISIETCS CO3JaHME KOMOWHHPOBAaHHBIX allaparoB
COUYETAIOIMX HECKOJIIBKO 30H I IPOBEINCHUS PA3JIMYHBIX IPOLECCOB B OJHOM
anmapare. AHamu3 pabOThl CYNIECTBYIOUIMX KOMOMHHPOBAaHHBIX Ta3004HUCTHBIX
anmaparoB JUId OYMCTKM MHOTOKOMIIOHEHTHBIX Ta30B TIO3BOJIMJI  pa3padoTaTh
KOHCTPYKLIHMIO anmapara LUKJIOHHO-BUXPEBOIO JIEUCTBUSI, B HUKHEH 30HE KOTOPOIO
peanusyeTcst IEHTPOOEKHBIM MEXaHW3M YJaBIMBAaHUS TBUIM, a B BEpXHEH —
BHUXpPEBOE B3aMMOJCWCTBUE Ta30KUAKOCTHOTO IIOTOKA B OObEME peryispHOi
Hacaaky, oOecIeynBaroIero abcopOIUOHHYI0 OuMCTKY. Pa3paboTka u BHempeHHe
TaKUX allapaToB TMPEJICTABISIETCS aKTyaJbHOH. [IpM HM3rOTOBIECHUH J1a00PAaTOPHOM
YCTAHOBKHM KOHCTPYKTHBHBIE COOTHOLIEHMS LUKIOHHOW M HAcaJO4HOW CTyleHeHl
anmnapara LUKIOHHO-BUXPEBOIO JEHCTBUS IOJYYEHBl HCXOIS U3 PEKOMEHAALMH IO
HU3TOTOBJICHUIO IIMKJIOHOB, a TAaKXE pE3yJbTarOB HUCCIEJOBAaHUI M PEKOMEHJALUI
10 IIPOEKTHPOBAHUIO AIIApaToOB C PEryJIpHOM MOABMXKHOW Hacankoil. B mponecce
HCCIIENOBAHNI UCIIOIb30BAIUCh CTAHIAPTHBIE METOABI ONPEACIECHUS THIPABINYECKOTO
conpoTuBieHus] ¥ A(PQPEKTUBHOCTH TbUICYIABIMBaHHUA. Ha OCHOBE pe3ynbTaToB
71a6OpaTOPHBIX ~ MCCIIEAOBAHUI IOMyuyeHbl OCHOBHBIE pacdeTHBIE 3aBHCHMOCTHU
TUAPABINYECKOTO CONPOTUBIECHUS M IapaMeTpPOB IbUICYJIABIMBAHMS LUKIOHHON M
HacaJIOYHOM CTYIIEHEH U armapara B IeJIOM, KOTOPbIe HapsiIy ¢ PeKOMEHIAIMSIMU ObLITH
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WCTIOJIB30BaHBI AJIsl pacueTa U MPOCKTUPOBAHMUS MIPOMBIIIIEHHOTO anmapara. Anmnapar
LUKJIOHHO-BUXPEBOTO ACUCTBHSI ObLT UCIIBITAH B TPOMBIIUICHHBIX YCIOBHSIX U BHEAPEH
B TEXHOJIOTMUYECKOW CXEME OYMCTKHU ra3oB, OTXOSAIINX OT CYIIMIKH KHITALIETo oS B
MPOM3BOACTBE cyabdara xpoma Ha AO « AKTFOOMHCKHIA 3aBOJI XPOMOBBIX COCMHEHHIT.
[lo pesynbraraM TpPOMBILICHHBIX HCHIBITAHUH OTMEYEHO, YTO B LIUKIOHHOH 4YacTH
POCT THAPABINYECKOTO COMPOTHBICHUS MPU YBEINYEHUH CKOPOCTH ra3a o0yciIoBiieH
POCTOM IMHAMHUYECKOTO Harlopa ¥ NOTEPSIMU, CBA3aHHBIMH C U3MEHEHUEM HalpaBJICHUs
JBIDKEHMS ra3a ¥ MOoTepsiMUA Ha TpeHue. D(PGEeKTUBHON CHUIION, BO3ACHCTBYIOIIEH Ha
B3BELICHHBIC TBEP/bIC YaCTUIIBI, SBISIETCS LIEHTPOOEKHAsI CHJIa, BEIMUMHA KOTOPOH B
3HAUUTETBHOM CTeleH! 00yCIaBIMBaeTCsl CKOPOCTHIO ra30BOro MOTOKa. B HacamouHoM
30He paboTa ammapara MOPOTEKaeT B KaleJIbHOM PEXHME, XapaKTepPHU3yHOIIUMCS
OJTHOPOAHOCTBIO PACIPEENIEHUs] TIOTOKOB M0 IONEPEYHOMY CEUEHHUIO armapara,
pocToM TypOyIeHTHOCTH Ia30KUAKOCTHOTO TIOTOKA, MHTEHCUBHOCTBIO U YBEITHUCHUEM
4acTOTHI MyJbcalluil. ITO CIOCOOCTBYET pocTy 3P (PEeKTUBHOCTH MbIICYTaBIUBAHUSL.

KuaroueBble cJi0Ba: Tra3o04uMCTHOW —ammapar, LIHMKJIOHHO-BUXPEBOM almapar,
THIPaBINYECKOE COMPOTUBICHHUE, 3(P()EKTUBHOCTD MbLICYIAaBINBAHMS, CKOPOCTh rasa,
MIPOMBIIUICHHBIE UCIIBITAHNS, BHEAPEHNE

Introduction

The existing technological gas purification schemes provide for installation of
separate devices in which dust collection and absorption processes are carried out
sequentially, as well as combined devices combining several zones for carrying out
different processes in one device. In this connection, schemes with combined devices
are often preferred due to their compactness and low material consumption.

Combined devices include inertial-turbulent devices with a movable (regular)
packing (Tarat et.al., 1979: 208; Strauss, 1974: 392; Ramatullayeva, 2009: 113), which
implement shock interaction of the gas flow with the liquid mirror and vortex interaction
in the regular packed zone. In these devices, one and the same absorbing solution is
used in the dust collection and absorption zones. This is not always appropriate. So, for
example, when trapping soluble dust, simultaneous absorption of gaseous components
is difficult due to a decrease in the gas solubility.

This problem is solved in the design of a combined device with autonomous
irrigation circuits, separately for each of the zones — shock-inertial and packed, which
prevent the formation of deposits and increase the driving force of the absorption
process (Khussanov, 2011: 141). At the same time, this device has significant hydraulic
resistance.

For separate carrying out of dust collection and absorption processes, we have
developed a design of a cyclone-vortex action device (Issayeva et al., 2021: 8), in
the lower zone of which a centrifugal mechanism of dust collection is realized in the
absence of irrigation with a liquid, and in the upper zone there is a vortex interaction of
a gas-liquid flow in the volume of a regular packing.

The purpose of the article is to obtain a methodology for calculating the hydraulic
resistance and dust collection parameters of the cyclone and packed stages and the
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cyclone-vortex device as a whole, as well as to analyze the results obtained in the process
of industrial tests and the introduction of this device in the technological scheme for
purifying gases leaving the boiling bed dryer in production of chromic sulfate at Aktobe
Plant of Chromic Compounds JSC.

The research methodology included standard methods for determining hydraulic
resistance and dust collection efficiency.

Materials and methods

The experimental plant for conducting studies of hydraulic resistance and dust
collection efficiency included a cyclone-vortex dust collector, a fan, a pump, circulation
and pressure liquid containers for irrigating the upper contact stage, a container for
collecting dry dust from the lower contact stage, a compressor for spraying dust at the
dust collector inlet.

In all experiments, the dust concentration at the inlet to the device was maintained
at about 2 g/m3. KP-3 dusty quartz, additionally milled in a vibrating mill, was used as
the standard dust.

When determining the overall dust collection efficiency, the internal filtration method
was used (Gordon et.al., 1977: 456). Glass wool was used to fill the allonge. The gas
consumption through the allonge was set based on the condition of isokinetic sampling.
To measure the dispersed composition of dust in a gas flow, an impactor was used
instead of allonges (Rusakov et. al., 1970: 52).

The hydraulic resistance of the device AP was measured by a differential pressure
gauge and controlled by a DSR-type device.

Research results

The basis for creating the design of the cyclone-vortex action device (Issayeva et
al., 2021: 7; Torskiy et.al., 2018: 8) was the recommendations for the manufacture of
cyclones mainly of the design of NIIOGAZ (Shvydkiy et. al., 2002: 640; Vetoshkin,
2005: 210), as well as the research results and recommendations for the design of
devices with a regular movable packing (Volnenko, 2018: 176), ITPN, UID with RPN
(Balabekov, 2018: 184), device with shock-vortex interaction of flows, combined gas-
liquid device with autonomous irrigation circuits (Khussanov, 2011: 141).

The recommended design ratios of the cyclone-vortex action device were: For the
cyclone stage (here D is the diameter of the cylindrical part of the device):

— the inner diameter of the exhaust pipe d = 0.59D;

— the inner diameter of the dust outlet d, = 0.4D;

— the width of the inlet fitting in the cyclone part (internal dimension) b = 0.2D;

— the width of the inlet fitting at the inlet (internal dimension) b, = 0.26D;

— the length of the inlet fitting | = 0.6D;

— the height of the plant flange hpf =0.1D;

— the angle of inclination of the cover and inlet fitting a= 15°;

— the height of the inlet fitting (internal dimension) a=0.66D;

— the height of the exhaust pipe hp =1.74D;

— the height of the cylindrical part H, = 2.26D;

— the height of the cone H_ = 2D;
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— the height of the outer part of the exhaust pipe h0p=0.3D;

— the total height of the cyclone part of the device H_ = 4.56D.

For the vortex stage:

— the vertical pitch between the packed elements t /b=2;

— the horizontal pitch between the packed elements horizontally t/b = 2;

— the size of the packed elements (plates) bxbxd = 40x40x1 mm;

— the height of the packed zone H, = 2.5D.

The total height of the device H  =9.75D.

The laboratory plant included a device D = 400 mm.

Based on the results of laboratory studies, the main calculated dependences of the
hydrodynamic characteristics and dust collection parameters were obtained.

To calculate the total hydraulic resistance of the device, the following formula was
obtained (Zhumadullayev et.al., 2020: 7):

AP,, = AP, + APy, (D

where A P - the hydraulic resistance of the cyclone stage, Pa; A P, — the hydraulic
resistance of the packed zone, Pa.
The hydraulic resistance of the cyclone stage is determined by the equation:

AP =AP +AP +AP 2)
cp in az out

where P, — the hydraulic resistance of the inlet section, Pa; A P _ — the hydraulic
resistance of the annular zone, Pa; A P — the hydraulic resistance of the outlet section,
Pa.

The hydraulic resistance of the inlet section:

2
= Lo Win, 3
APy = &, -2 (3)
where & = 3,32 — the resistance coefficient at the gas inlet; w, — the gas velocity
at the inlet, m/s.
The hydraulic resistance of the annular zone:

pPgWes
BPy, = &y =15 4)

where &,, = 4,1 —the resistance coefficient when passing the annular gap; w_—the
gas velocity in the annular gap, m/s.
The hydraulic resistance of the outlet section:

p 'Wcz)u
APy = ‘§out — > e (5)

where &,,; = 57 —the resistance coefficient at the gas outlet; w_—the gas velocity
at the outlet, m/s.
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The hydraulic resistance of the packed zone is determined by the formula used to
calculate devices with a regular movable packing (Balabekov, 2018: 184):

W2
AP, =& 7Pt (6)

ty 2&2

Here H — the height of the packed zone, m; ¢, — the porosity of the packing:

g = 1-(2)2. (7)
tr
The resistance coefficient of the irrigation packing takes into account the degree
of interaction of vortices in the vertical and radial directions, the pressure loss due to
the gas friction against the liquid surface (Balabekov, 2018:184). By processing the
experimental data, the expression was obtained to determine :

Rep™

0,1
Reg

€L=0:7'6v'6r' > (8)

where Re, and Re, — the Reynolds numbers for gas and liquid; 6, and 6, — coefficients
that take into account the degree of interaction of vortices in the vertical and radial
directions.

The Reynolds number for the gas phase, which is determined by the formula:

Wy-d,
R%=—ti. (9)

here d_ — the equivalent diameter of the packing, m.
The Reynolds number Re_is determined by the formula:

Up-de
RQ=J;% (10)

where U= L/3600 — the liquid velocity, m/s.
The overall efficiency of the cyclone-vortex device, taking into account the efficiency
of the dry and wet stages, can be calculated by the formula:

Neen =1 = (1 = 1as) (1= 1. (11)

The dust collection efficiency of a dry stage, based on the centrifugal-inertial model
(Shvydkiy, et.al., 2002:640) can be determined by the formula:

Nas = 1 - exp[~2(Cas - V@) (12

where C - the coefficient that depends on the design ratios of the device of a dry
stage.
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For a dry stage, the coefficient C_ is calculated according to the equation (Torskiy
et. al., 2019: 6):

_ D&, a \?| (2hr a\? a \| (4Hep | 4Has 13
Cas =05, '[1‘(@) ]'@f@%[(@) (o) | (G + S
The equation (13) uses the design ratios recommended above.

The quantity in the equation (12) is a modified inertial parameter characterizing the
state of the dust-gas mixture (Shvydkiy et. al., 2002: 640):

_ A2y PchWin 14
Y= 18115-Dep (n+1) (14)
where W, — the gas velocity at the inlet to the dry stage, m/s.
The quantity n in the equations (12) and (14) according to (Shvydkiy, et.al., 2002:640)
is:

0,3
n=1-(1-00165 D%y" - (32)" (15)

Here T — the absolute temperature of gases, K.
The dust collection efficiency of the cyclone-vortex device’s packed zone is
determined by the formula:

W,-dge\~1/4
Moy = 2,97 - (F22%) (16)

T

The turbulent diffusion coefficient is determined by the formula:

N3 p N3 N3 4
Dy =By (E)Y3 - (1 —g)/3 - (t_v) : (p_éj) . (h_o) ~diPu, - Stk (17)
pch'dgh'uch )

— the
18ug-dgs

where Br = 8,38 (1 — @) — the correcting coefficient; Stk =
Stokes criterion.

The cyclone-vortex action device’s design was proposed for the reconstruction of
the technological scheme for the purification of gases leaving the boiling bed dryer in
chromic sulfate production at Aktobe Plant of Chromic Compounds JSC.

The method for chromic sulphate (basic) production is based on the interaction of
sulfur dioxide with a solution of sodium dichromate. Sulfur dioxide is formed when
sulfur is burned in a furnace. During the production process, a solution of sodium
bichromate with a concentration of (230-300) g/l in terms of CrO, enters the reduction
column, where the sulfur dioxide gas formed during the combustion of sulfur in the
furnace flows in a countercurrent flow, resulting in the formation of a solution of
chromic sulfate. The resulting solution of chromic sulfate goes for drying in the “boiling
bed” dryer, dried chromic sulfate goes for packaging (Fig 1) (Permanent technological
regulations for chromic sulfate production, shop, 2015: 91).
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chromium sulfate
solution for drying

for packaging

1 — smoke exhauster; 2 — firebox; 3 — boiling bed dryer feeder; 4 — boiling bed dryer; 5 — a group of 6
cyclones; 6 — cyclone-vortex device; 7 — trap; 8 — screw; 9 — pump; 10 — irrigation tank;
11 — sanitary pipe.

Fig 1. The technological scheme for the purification of gases leaving the boiling bed dryer in chromic
sulfate production.

From the feeder 3, a syrupy solution of chromic sulfate with a concentration of CrO,
(380—415) g/l is fed through an atomizer into the “boiling bed” dryer 4. The “boiling
bed” dryer is a hollow container with a lattice in the lower part, on which the layer of
granular chromic sulfate “cushion” lies. Above the lattice, a disintegrator is installed,
which serves to crush the “cushion”. The flue gases obtained by burning natural gas
in the firebox 2 enter the lower part of the dryer. As a result of intense heat exchange
between the flue gases, the “cushion” and the chromic sulfate solution, the latter is
dried. The temperature in the dryer under the lattice is maintained at the level of (145—
155)°C due to the dilution of hot gases with cold air. The temperature in the layer is (70—
75)°C. The dried chromic sulphate together with the steam-gas mixture with the smoke
exhauster D—12 1 is pulled through a group of cyclones 5, where its main part (90-95)
% is trapped and collected in the cyclone bunker, from there through the “flashers” and
then a system of screws, the dried chromic sulphate enters into the supply hopper of the
filling conveyor.

For a more complete purifying (before the reconstruction), the steam-gas mixture
passes through a scrubber and the trap 7 irrigated with water, then is thrown out through
the sanitary pipe 11 into the atmosphere. Process water is used to irrigate the scrubber.
Upon reaching the concentration of (110-120) g/l in terms of CrO,, the solution from
the irrigation tank of the dryer is pumped into a collection tank, from where it is pumped
into the irrigation tank as required.
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Air is supplied to the boiling bed dryer by the smoke exhauster 1. Part of the air
goes to the atomizer as “primary” for the gas combustion, the rest of the air is supplied
directly to the firebox 2 to dilute and cool the flue gases.

During the examination of the existing purification technological scheme, in which
the irrigated hollow scrubber was installed as the final stage, the maximum decrease in
the dust concentration (average quantity) was C, = 0.22 g/Nm’, which is higher than the
standard indicator (C_,= 0.174 g/Nm’).

In the reconstructed purification scheme, the irrigated scrubber was replaced by the
cyclone-vortex device 6.

The diameter of the device was determined from the results of measurements of
the velocity field, and the dimensions of the stages were determined according to the
recommendations obtained based on the laboratory studies.

The cyclone-vortex device operates as follows.

The gas flow entering the purification is supplied through the nozzle installed
tangentially in the lower part of the device. With the tangential supply of the gas flow,
a centrifugal force arises, which acts on solid dust particles, pressing them against the
inner wall of the device. Under the action of gravity, solid dust particles slide into the
conical bottom of the lower contact stage and are removed from the device through the
lower fitting.

The dust-free gas flow through the lower cut of the central pipe enters the upper
contact stage. At the inlet to it, the central pipe is equipped with a cap to prevent the
ingress of flowing irrigation liquid.

The lower and upper stages of contact are separated by an inclined partition, as a
result of which they operate autonomously.

The operation of the upper stage of contact occurs in a counter-current mode. In
this case, the gas flow entering from below interacts with the irrigation liquid supplied
through the irrigator in the packed zone volume. The packed elements’ arrangement on
the strings is made with the pitch of 2 of the packed body caliber (for plates). This pitch
ensures the simultaneous vortex formation mode (in-phase mode) achievement. The
simultaneous vortex formation mode is characterized by the coincidence of the time
of vortex formation behind the packed bodies and the time of motion of the formed
vortices behind the chain of packed bodies located in the gas flow direction. At the
moment of approach, there is an interaction of the vortexes that have flown in and have
completed the cycle of vortex formation behind the packed bodies. As a result of this
interaction, the total power of the vortices increases, which makes it possible to do a lot
of work on crushing the irrigation liquid and creating a highly developed surface.

The purified gas flow is removed from the device through the outlet fitting. The spent
liquid in the upper stage is removed from the device through the fitting.

During the tests of the reconstructed technological scheme, carried out jointly with
the enterprise employees, the following research results were obtained. The ranges of
changes in the main gas flow parameters during the passage of gas cleaning equipment:

Up to a group of cyclones

— gas temperature 61-65°C;
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— pressure (350—460) Pa;

— gas consumption 6780—7760 Nm>/h;

— average dust concentration 8.0 g/Nm’.

After a group of cyclones

— gas temperature 58-63°C;

— pressure (480-510) Pa;

— gas consumption 8100—-8770 Nm?/h;

— average dust concentration 2.405 g/Nm°.

After the cyclone-vortex device

— gas temperature 43-52°C;

— pressure (160-200) Pa;

— gas consumption 10630—11770 Nm?*/h;

— average dust concentration 0.029 g/Nm°.

Figure 2 shows graphical dependences of the hydraulic resistance and the dust
collection efficiency of the cyclone-vortex device obtained as a result of industrial tests
and the calculated quantities according to the equations (1) and (11).

2500 - : - . : = 1
[+ a
& L
ﬂfﬁ 2000 + 0,97 g
< 2
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2 L=
= o
= 1500 - L 0,94 =z
2 "
= =
z 3
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1] [+
£ :

500 - ; + 0,88
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The gas flow velocity in the device section Wy, m/s

Experimental conditions: irrigation density L = 25 m*/m?h; the vertical pitch between the plate packed
elements t = 2b, in the radial direction t=2b; the size of the plates bxbxd = 50x50x1 mm,; the average
diameter of the trapped particles d , = 5 microns.
The curves — calculation; the points — experimental data
1—a chn; 2— Ny

Fig 2. Dependence of the hydraulic resistance and the dust collection efficiency of the cyclone-vortex

device on the gas flow velocity in the section of the device.

As can be seen from the figure, the hydraulic resistance and the dust collection
efficiency of the cyclone-vortex device increase in the entire range of gas velocities.
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Discussion

The hydraulic resistance of the device consists of the resistances of the cyclone and
packed parts. In the cyclone part, an increase in the hydraulic resistance with an increase
in the gas velocity is due to an increase in the dynamic head and losses associated with
a change in the direction of gas motion and friction losses. The results of laboratory
studies of the hydraulic resistance of the packed zone indicate that in the velocity range
from 2.5 to 4 m/s a drop mode occurs, in which the liquid phase is mainly presented
in the form of drops. The operation of the device achieves the highest stabilization at
4.0 m/s. The uniformity of the distribution of flows over the cross-section of the device
improves, the turbulence of the gas-liquid flow increases due to the intensification of the
process of formation and separation of vortices behind the streamlined bodies.

The dust collection efficiency in the device consists of the efficiency of the cyclone
and packed parts.

In cyclone-type devices, the most effective force acting on suspended solids is the
centrifugal force, the quantity of which is largely determined by the gas flow velocity.
With an increase in the gas consumption, and, consequently, its velocity, the centrifugal
force increases, and the efficiency of collecting particles increases.

The dust collection efficiency of the packed zone in the drop mode achieves its
maximum quantities, after which a further increase in the gas velocity leads to the
entrainment of liquid from the device and the efficiency of the process is somewhat
reduced. High quantities of the degree of dust collection are due to the vortex crushing
of liquid in the packed zone of the device. Since the vortex separation frequency from
the packed elements and, accordingly, the intensity and frequency of pulsations increase
in proportion to the gas velocity, with unchanged packed parameters, this leads to an
intensification of the process of the liquid film separation and its subsequent crushing
into smaller drops. This naturally increases the contact surface of the phases, and,
ultimately, the dust collection efficiency.

The tests carried out confirmed the possibility of effective dust collection from gas
emissions in the cyclone-vortex device.

The cyclone-vortex device was implemented in the technological scheme for the
purification of gases leaving the boiling bed dryer in chromic sulfate production at
Aktobe Plant of Chromic Compounds JSC.

Conclusions

Based on recommendations for the manufacture of cyclones, as well as the research
results and recommendations for the design of devices with a regular movable packing,
with shock-vortex interaction of flows, the design ratios of the cyclone and packed
stages of the cyclone-vortex action device were established.

Based on the results of laboratory studies, the main calculated dependences of the
hydraulic resistance and dust collection parameters of the cyclone and packed stages
and the device as a whole were obtained.

The cyclone-vortex action device’s design was proposed for the reconstruction of
the technological scheme for the purification of gases leaving the boiling bed dryer in
chromic sulfate production at Aktobe Plant of Chromic Compounds JSC.
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Based on the results of industrial tests, the graphical dependences of the hydraulic
resistance and the dust collection efficiency of the cyclone-vortex device on the gas flow
velocity in the cross-section of the device were obtained and the analysis was carried
out. It was noted that in the cyclone part, an increase in the hydraulic resistance with
an increase in the gas velocity is due to an increase in the dynamic head and losses
associated with a change in the direction of gas motion and friction losses. The effective
force acting on suspended solids is the centrifugal force, the quantity of which is largely
determined by the gas flow velocity. In the packed zone, the operation of the device
proceeds in the drop mode, characterized by the uniformity of the distribution of flows
over the cross-section of the device, an increase in the turbulence of the gas-liquid flow,
the intensity and increase in the frequency of pulsations. This contributes to an increase
in the dust collection efficiency.

The cyclone-vortex device was implemented in the technological scheme for the
purification of gases leaving the boiling bed dryer in chromic sulfate production at
Aktobe Plant of Chromic Compounds JSC.

As recommendations for improving the proposed device design, it can be noted
that to purify high-temperature multicomponent gases, it is necessary to use a regular
structure tubular packing as a packing.
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