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I 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.

Kaszaxcman Pecnybnukacer ¥immuolx 2oiivim akademusicol « KP ¥FA Xabapnapwl. I'eonocus
JICOHE MEXHUKANBIK RbLIbIMOAD Cepusiculy bLibiMu dicypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyze KabulioaHeaHbiH
xabapnaiiovl. Byn unoexcmeny oapvicoinda Clarivate Analytics komnanuscol JHcypHAIObL
o0aH api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmoipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yevtnaowvl. KP YFA Xabapnapwl. eonoeust scane mexHUKAIbIK 2blAbIMOAp CEpUsiCol
Emerging Sources Citation Index-xe enyi 0i30iy Kozamoacmulx ywin ey 03ekmi dcoHe
6edendi eeonocus HcoHe MEXHUKABIK bLILIMOAP OOUbIHULA KOHMEHMKe a0an0blebiMbl30bl

6indipeoi.

HAH PK coobwaem, umo nayunvii ocypuan «Mseecmuss HAH PK. Cepusa zeonozuu u
MeXHUYecKux Hayky» ool npunsim 015 unoexcuposanus 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codeporcanue 8 3mom UHOEKCUPOBAHUU HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as OanvHeuuezo npuHAmMU
arcypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u the
Arts & Humanities Citation Index. Web of Science npednazaem xawecmeo u 2nyoOumHy
Kowmenma Ons uccieoogamenell, aemopos, uzoameneti u yuypedcoenuil. Brnouenue
Hszeecmua HAH PK. Cepus ceonozuu u mexuuueckux Hayk 6 Emerging Sources Citation
Index demoncmpupyem nauty npusepiceHHOCHb K Hauboniee akmyaibHOMY U GIUANETbHOMY
KOHMEHMY NO 2e0102UU U MeXHUYeCKUM HAYKAM 0I5l Haue2o coodujecmad.



Bac penakrop

KYPBIHOB Mypar KypbiHYJIbI, XUMHUS FBUIBIMIAPBIHBIH TOKTOpBI, Tpodeccop, KP ¥FA
akanemuri, Ka3zakcran PecnyOmukackl YarTeik FwutbiM  akagemusichiHbIH mpesuneHTi, AK «/1.B.
CoOKONBCKHI aTBIHAAFBI OTHIH, KaTaln3 jKOHE MEKTPOXUMHS HHCTUTYTBIHBIH» 0ac TUPEKTOpHI (AJIMATHI,
Kazakcran) H =4

FplabiMu XaTiibl

ABCAJIBIKOB BaxbiT Hapukaiiyabl, TeXHUKa FRUIBIMIApBIHEIH JTOKTOpHI, podeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHAaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakunusaablK ajka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopablH OpbIHOAcaphl), T€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, mpodeccop, KP ¥FA akamemnri, «Y.M. Axmencaduna aTbIHAAFBI
THIIPOTCOIOTHS KOHE T€OIKOOTH MHCTUTYTHIHBIHY) TUPEeKTophl (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcCAPhI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH JOKTOPHI, mpodeccop, K.M. CaTmnaeB ThIHIAFBI T€ONIOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
nupektopsl (Anmarsl, Kazakcran) H=2

CHOY [Ipuuen, Ph.D, kaybiMaacteipbutran npogeccop, Hebpacka yuuBepcuteTinid Cy FhUIBIMIAPDI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typassl FbutbiMaap Oestiminjae
TIETPOJIOTHS XKOHE Taiiiasbl Ka30aap KeH OpBIHAAPBI CalachIHAAFEl 3epTTeyIepain kerekmrici (Jlonmomn,
Anrnus) H =37

MMAH®UJIOB Muxaua BopucoBud, TeXHUKa FRUIBIMIAPBIHBIH JOKTOPEI, Hancn yHHBepcHuTeTIHIH
npodeccopsl (Hancu, @panrms) H=15

HIEH IMun, Ph.D, KeITaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMEpHKaH/IbIK YKOHOMHKAIBIK Teosiortap KaybiMaacToirbiHbIH Mytieci (ITexun, Kpitait) H = 25

OUIIEP Axkcean, Ph.D, [/IpesneH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMAACTHIPBLUIFAH Ipodeccopsl
(dpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, T€OJOTUS-MHHEPAIOTNs FHUIBIMAAPLIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpodumyka arblHIaFbl MyHai-ra3 TeOJIOTHSCHI JKoHEe reodusuka
nHcTuTyTH (HOoBOCHOMpCK, Peceit) H = 19

ATABEKOB Baanuvup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH J10KTOpHI, benapycs ¥FA akanemuri,
YKana matepuanap XUMHACHI MHCTUTYTBIHBIH KYPMETTi aupektopsl (Munck, berapycs) H =13

KATAJUIUH Credan, Ph.D, J/[pe3neH TeXHUKaJIBIK yHUBEPCUTETIHIH KaybIMaCTBIPBUIFaH Podeccopbl
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOTHS FHUTBIMIAPHIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.J. Carnaes arsiaaarsl [ €0m0Tus FRUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyiici (Anmarsl, Kazakcran) H=11

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

DOPATTUHMU IMaouo, Ph.D, bukokk Munian yHHBEpCUTETI KaybIMAACTHIPBIIFAH mpodeccopsl (MmumaH,
Uranus) H = 28
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuseHT HanmonanpHoi akagemun Hayk PecryGnmkm Kasaxcran, reHepanbHblii pupextop AO
«MHCTUTYT TOTUIMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBIIi cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpodeccop, OTBETCTBEHHBIN

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

ABCAMETOB Masuc KyapicoBud, (3aMeCTUTEINb ITTABHOTO PEAKTOPA), JOKTOP I'€0JIOTOMHUHEPAIIO-
THYECKHX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTA THAPOTE€OIOTHU U TEOIKOTOTUH M.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEpAo-
THYeCKUX Hayk, mpodeccop, mupekrop MHcruryrta reonmornueckux Hayk nm. K.M. CarmaeBa (AmnMarsl,
Kazaxcran) H=2

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

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIEI0BaHIH B 00JIACTH IIETPOJIOTHU  MECTOPOXKIACHHI
M0JIe3HBIX CKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

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

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

OUIIEP Axkceab, accouunpoBaHHBIA mpodeccop, Ph.D, TexHmueckmit yHuBepcurer [pesneH
(dpesnen, bepnun) H=6

KOHTOPOBUY Aunekceli DMUIbeBHY, TOKTOP TI'eOJIOTO-MHHEPAIOTHIECKUX 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, akageMuk HAH benapycu, moueTHsIi
mupekTop MHCTHTYTa XUMHUU HOBBIX MarepuaiioB (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuuposanusiii mpodeccop, Texuuueckuit yausepcuret (pesneH,
Bepnmun) H = 20

CEMTMYPATOBA Dieonopa FOcynoBHa, TOKTOp reonoro-MAHEPAIOrHYECKHX HayK, Tpodeccop,
uneH-koppecnionneHT HAH PK, 3aBenyromas naGoparopun MHcTHTyTa Teonormdecknx Hayk um. K.
CarnaeBa (Anmatsl, Kazaxcran) H=11

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

D®PATTUHU IMaoso, Ph.D, accounmmpoBanHBIil mpodeccop, MuUIaHCKUH yHHBEPCHUTET BHKOKK
(Munan, Utamns) H = 28
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A. Leudanski', Y. Apimakh!, A. Volnenko?, D. Zhumadullayev?*,
N.Seitkhanov?

"Belorussian State Technological University, Minsk, Belarus;
M. Auezov South Kazakhstan University, Shymkent, Kazakhstan.
E-mail: nii._ mm@mail.ru

CALCULATION OF FLOTATOR’S AERATOR FOR SEPARATION
OF GROUND PLASTICS

Abstract. When creating a new equipment for flotation separation of a mixture
of ground secondary plastics, it is necessary to take into account the peculiarities
of their properties due to the nature of polymers. So, in comparison with mineral
materials, the surface of the ground plastics is less developed, and the particle size
is larger. These factors reduce the strength and stability of the “bubble — particle”
complex. Turbulent pulsations in the working volume of a flotator for separating
a mixture of ground plastics adversely affect the flotation efficiency, since the
resulting inertial forces destroy the “bubble — particle” complex. Therefore, the
turbulent motion of dispersed phases in the working volume of the apparatus
is not desirable. The purpose of this work was to determine the structural and
technological parameters of a pneumatic aerator, which will ensure the absence
of turbulent motion of bubbles and particles. For this purpose, a method of
engineering calculation of the structural and technological parameters of the
flotator’s pneumatic aerator was created. The pneumatic aerator’s design was
chosen as an Archimedes’ spiral. The engineering calculation method includes
the following stages. From the condition of the bubbles’ laminar motion, the
maximum allowable relative velocity of the spherical bubble and its diameter are
calculated. Knowing the optimal gas content in the column, the relative velocity
of the bubbles’ constrained floating up is calculated. The maximum equivalent
particle diameter that the bubble can rise into the foam layer is determined. The
spiral pitch (and the perforation pitch) is determined. The aerator’s tube length
is calculated. The allowable consumption is found. Based on the calculated
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parameters, a laboratory installation of a column flotator with pneumatic liquid
aeration was created. It studied the bubbles’ dispersion formed during the liquid
aeration. The values of the calculated and experimental average gas bubble
diameter were compared.

Key words: Bubble, particle, aerator, diameter, motion, flotation, hole.

A. JleBnanckuii', E. Onumax’, A. Boanenko?, /1. ’Kymanyiainaes”,
H.CeiiTxanos”

'Benapych MEMIICKETTIK TEXHOJIOTHSIIBIK YHHUBEpCUTET, MUHCK, benapyc;
M. Oye3oB arbinaarsl OHTYCTiIK Kazakctan yHUBEpPCHUTET,
[IemvkenT, Kazakcran
E-mail: nii_ mm@mail.ru

YHTAKTAJIFAH IIVIACTMACCAHBI BOJIYT'E APHAJIFAH
OIOTAIUAJDBIK AIIITAPATTBI ADPATOPIBI ECEIITEY

AHHOTaus. ¥ HTAaKTaJFaH eKIHII peTTIKIIJIaCTMAcCaKOCIIAChIH (PIIOTALMSIIBIK
OeJryre apHaJFaH jkKaHa >KaOBIKTHI JKacay Ke31H/Ae TMoJuMepIIepAiH TaOuFaTbiHa
OaliTaHBICTBI KAaCHETTEPIHIH EepeKIIeNiKTepiH eckepy KaxkeT. COHBIMEH,
MUHepalbl MaTepualapMeH CaJbICThIPFaH/a YCaKTalFaH IUlacTMacca OeTi
OHIIIa JaMbIMaFaH, aj OeJIIeKTep Meepl YiaKeH. byn ¢axroprap Keripurik-
OeJIIeK KemleHiHIH OepIKTIri MEH TYPaKThUIBIFBIH TOMEHIETEel. ¥ HTaKTalFaH
rracTMacca KOCHachlH Oeiryre apHairaH (IIOTAIMSUIBIK arapaTThiH JKYMBIC
KeseMiHaeri TypOyleHTTI myabcanusiaap (uoTtauus THIMAUIITIHE Kepi acep
eTel, eWTKeHl maijga OoJaThlH MHEPUHUSIIBIK KYIITED «KOMIPIIIK - OOJIIeK»
KemieHiH Oy3anel. Jlemek, ammaparThlH JKYMBIC KeJIEMIiHJEeri JHMCIepCTi
¢bazanapablH TypOYJNEHTTI KO3FalbIChl KYNTapiblK eMec. Byl >KyMBICTBIH
Makcarhl KOIIPIIIKTep MeH OeNeKTepiH TypOyJIeHTTI KO3FaJIbICHIHBIH
00JIMayblH KaMTaMachl3 €TETiH IMHEBMATHUKAIBIK KOICHITKBIIITHIH KYPbUIBIMbI
MEH TEXHOJOTHSUIBIK NapaMeTpiepid aHblKTay 0osabl. On yiIiH (oTanusibK
anmaparThIH THEBMATHKAIIBIK KOTICHITKBIIITBIHBIH JKOOAJTBIK YKOHE TEXHOJIOTHSUTBIK
napamMeTpiepiH MHKEHEpIiK ecenTey oiicTteMeci jxkacanbl. [IHeBMaTHKaIbIK
KOTICBITKBIIITHIH TU3aiHBI ApXHMe CITUpaibl TYPiHIe TaHaamabl. MHKeHepIiK
ecenTey dicTeMeci Keneci keseHaepai Kamtuapl. Kemipimikrepaiy JaMuHapIbI
KO3FAJIBICBIHBIH IMIAPThIHAH cdepanblK KOIIpIIKTIH pyKcaT eTUINeH IIEeKTI
CaJIBICTBIPMAJTBI JKBUIIAMIBIFBIH JKOHE OHBIH IMaMETpiH ecemntey. baranmarsi
OHTAIIBI ra3 KypaMmbIH Oij1€ OTBIPBII, KOIIPIIIKTEPAiH IEKTEIreH KOTeplTyiHiH
CaJIbICTBIPMAJIbI KbIIAAMIBIFBI ecenrenesi. KemipiikTi keOik KabaTbiHa KeTepe
aNaThlH OONIIEKTepAIH MAaKCHUMaJAbl JKBUBAJCHTTI TUAMETPi aHBIKTATAJlb.
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Abdparop caHbpUIayIapBIHBIH MOJIIEPIH aHBIKTANAAbl. ADpaTop TYTIT1HIH CBIPTKBI
JTUaMeTpiH OiJie OTBIPBIIN, adpaTop JIEHIeHIHEH TOMEH OOJIIEKTepIiH epKiH OTy
IIAPTHIH KAHAFATTAHIBIPATHIH KOTICHITKBIII CaHbLIAYIapPBIHBIH MYMKIH OOJIaThIH
MakcUMaibl MoH1 anblHaAbl. OmaH KeiliH CHupaibAblH KaJlaMblH aHBIKTAY
(>koHe mnepdopalusHBIH KaJambl) XKY3€re achlpbuiafbl. Asparop TYTITIHIH
Y3BIH/BIFBIH €CENTEeNIN, aFbIHHBIH PYKCAT €TINTeH KbUITAMIBIFBIH TaOaMbI3.
Ecenrenren mapamerpiiep OOWBIHIIIA MTHEBMATHUKAJIBIK CYHBIKTBIK a3pallysichl
Oap OaraHasbl (hOTAIUS aNMapaThIHBIH 3€PTXAHAIBIK KOHIBIPFBICHI KYPBUIIIBI.
Hotmwxkecinme CyHbIKTBIKTBIH adpaIMsaCchl KE31H/I€ Maiiaa O0IFaH KemipIIiKTepIiH
TUcTiepcusichl 3epTrenal. ['a3 KemipuIiriHiH €CenTeNreH >XOHE TIKIPUOeTiK
opTala TuaMeTpiHiH MOH/AEP1 CaIbICTHIPbUIIBL.

Tyiiin ce3aep: kemipiiik, O6NIIeK, KOICHITKBIII, TAAMETP, KO3FaJbIC,
duoTanwsi, TeCik.
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PACUYET ASPATOPA ®JIOTAIIMOHHOTI'O AIIITAPATA J1JISA
PA3AEJIEHUSA U3MEJIBYEHHBIX I[IVIACTMACC

AnHoTtauus. [Ipu co3manum HOBOTO 00OpYIOBaHHUS ISl (HIOTAIMOHHOTO
pasaciiCHud CMCCHU U3MCJIBYCHHBIX BTOPUYHBIX INIACTMACC CICAYCT YYHUTHIBATDH
O0COOCHHOCTH HMX CBOWCTB, OOYCIIOBJICHHBIC MPUPOIOW MOJIMMEpoB. Tak, 1Mo
CpaBHCHHIO C MHHCPAJBbHBIMH MaTCpualiaMH, HNOBCPXHOCTH H3MCIBYCHHBIX
IJIacTMacC MEHEe pa3BUTa, a pa3Mep 4acTuil Oonbiie. DTu (HaKTOPhl CHIKAIOT
MPOYHOCTh M CTA0OMIILHOCTD KOMILJIEKCA «ITy3BIPEK — YacTHIa». TypOylIeHTHbIE
nynbcauuu B pabodeM oObeme (PIOTAIMOHHOTO ammapara IJis pas3lesieHus
CMECH M3MEJBUCHHBIX TUIACTMACC OTPHIIATEIFHO BIHSAIOT Ha A(P(PEKTHBHOCTH
(1)HOTaHI/II/I, IMMOCKOJIbKY BOSHHUKAIOIKWEC NHEPIHUOHHBIC CUJIbI pa3pylIatOT KOMILJICKC
«Iy3bIpeK — yacTuia». CienoBarenbHo, TypOyIEHTHOE TBUKCHHE TUCTIEPCHBIX
(a3 B pabouem oObeme armapara HexenarenabHo. Llenpio HacTosmeld padoThl
ABJIAJIOCH OHNPCACIICHUC KOHCTPYKTUBHBIX M TCXHOJOIMYCCKHUX IMapaMCTpPOB
ITHEBMATHUYECKOTO a3paropa, KOTOpbIe oOecredyar OTCYTCTBHE TypOYJICHTHOTO
ABWKCHUAITY3bIPBKOB MYaCTHII. I[J'If[ 3TOr0 ObLIA CO3JaHaMETOANKA MHXKCHCPHOT'O
pacueTa KOHCTPYKTUBHBIX U TE€XHOJIIOTMYECKHUX MapaMeTpPOB IMHEBMATHUECKOTO
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asparopa (JIoTaroOHHOro anmnapara. KOHCTpyKIHs MHEBMAaTH4YECKOro a3paropa
ObL1a BbIOpaHa B BUJE cnupaiu Apxumena. Metoanka HHXEHEPHOTO pacyera
BKJIIOYAeT B cebs cienyronye stansl. M3 ycnoBus JTaMHHApHOTO JIBHKECHUS
My3bIPHKOB BBIUUCIISIOT MAaKCUMAJIBHO JOMYCTUMYIO OTHOCUTENBHYIO CKOPOCTh
cepruecKoro my3plpbka ¥ €ro JuaMeTp. 3Has ONTHMaJIbHOE Ta30Co/epKaHNe
B KOJIOHHE, PACCUMTHIBAIOT OTHOCUTENIBHYIO CKOPOCTh CTECHEHHOTO BCILUIBITHSA
My3bIpbKOB.  OmNpenenstoT  MaKCUMaJbHbIA  SKBUBAJCHTHBIM  JAUAMETP
YacTHLIbI, KOTOPYIO Iy3bIPEK CMOXET NOJHATh B NEHHBINH cioil. Onpenensor
pasMep OTBepcTHil a’paropa. 3Has HapyXKHBIH IUaMETp TPYOKH asparopa,
MOJTy4yatoT MAaKCUMaJIbHO BO3MOXKHOE 3HAa4Y€HHE 4YMCiia OTBEPCTUH al’partopa,
YAOBJIETBOPSIOIIMX YCIOBHIO CBOOOJHOTO MPOXOXKIEHHS YaCTUI] HUXKE YPOBHS
asparopa. Onpenensior mar crnupand (M mar nepdopanuu). PaccuuteiBaror
IUIMHY TpyOku asparopa. Haxomsar nmomyctumsiii pacxon. Ilo paccuntanHbIM
napameTpam Obljia co3iaHatabopaTopHas ycTaHOBKa KOJIOHHOTO (DIIOTAI[MOHHOTO
anmapara ¢ MHEBMaTU4YecKoW a’paiueil >kuakoctu. B Helt Oblia uccienoBaHa
JMCTIEPCHOCTD IY3bIPHKOB, OOpa3yIOIIUXCS MPU adpaluu KUAKOCTU. bpuin
COTOCTAaBJCHbl 3HAUYEHUS PACYETHOTO M DKCIEPUMEHTAIBHOIO CpPEAHETO
aMeTpa Imy3blpbKa rasa.

KiroueBble cioBa: my3bIpeK, 4YacTUIA, a’paTop, OUAMETP, JBHXKEHUE,
(dboranus, OTBEpPCTHE.

Introduction. Since the flotation process arose long before the wide
distribution and use of plastics and was used for separation of mineral ores, the
majority of scientific research in the field of flotation was performed for these
purposes. Consequently, during the flotation of plastics, it is necessary to take
into account their important features due to the nature of polymers.

Literature data analysis and problem definition. Before the flotation, at the
stage of preparation, all materials are subjected to grinding. Unlike mineral ores,
which are grinded mainly in hammer, jaw crushers, rod, ball or rotary centrifugal
mills, where impact and abrasion loads prevail, plastics are grinded more often
in shredder or knife machines, where cutting loads prevail. The ground plastics
surface is less developed due to the plastic, viscous properties of polymers, and
also due to the grinding method. For the same reasons, the size of the plastic
particles entering the flotation is larger than that of mineral materials. All these
features of flotation of plastic particles reduce the strength and stability of the
“bubble — particle” complex.

The bubbles and particles” motion mode is a significant factor affecting the
possibility of the “bubble — particle” flotation complex formation, the flotation
intensity and the process’ energy consumption. The probability of the bubble
and particle impact, as well as the flotation complex formation, depends on
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the relative velocity of their motion, duration of contact, and inertial forces
(Volnenko A.A et.al, 2020).

Since the bubble density is three orders of magnitude lower than that of the
liquid and particles, therefore, gas bubbles are the most dynamic dispersed phase
in the flotator’s working volume. Therefore, special requirements are imposed
on the bubbles’ motion mode in the flotator’s working volume.

With a certain critical size of the gas bubble and the value of the Reynolds
number, the dynamic effect of the liquid medium increases and the surface
tension force influence on the bubble shape decreases. At the same time, the
bubble shape’s pulsation effects due to the internal gas circulation are manifested.
Deformation of the bubble and deviation of its shape from spherical occur. The
instability of the bubble shape leads to changes in velocity and violations in
vertical trajectory of its floating up, which takes the shape of a flattened spiral,
Fig. 1.

Fig. 1. — Trajectory of a large bubble floating up

For the flotation of large hard-to-remove particles, such a trajectory of motion
is undesirable, since there is a separation of the particle from the bubble under
the influence of turbulence.

In this case, two variants of separation are likely. The first variant is to destroy
the “bubble — particle” complex under the influence of forces arising due to
the turbulent pulsations. These forces appear due to the pressure difference on
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the opposite sides of the complex and tangential stresses (as a consequence of
the velocity gradient). The second variant of separation occurs under the action
of centrifugal forces, when the “bubble — particle” complex moves along a
curvilinear trajectory.

More precisely, the bubble shape can be determined using the values of
the Reynolds, Morton, E6tvos (Bond), Weber numbers (Ziegenhein T. et.al,
2017). However, in the literature there are data that the bubble sphericity can be
preserved up to the Reynolds number equal to 300.

Re < 300. (1)
Re — relative Reynolds number, which is determined as

Re 2 Prdalits ~ih] )
My

where d, — the dispersed phase diameter, m;

p, — the dispersion phase density (medium density), kg/m’;

u, — the dispersed phase velocity, m/s;

U, — the dispersion phase velocity, m/s;

u, — the dynamic liquid viscosity, Pa-s.

The velocity difference between the dispersed and dispersion phases is the
relative velocity [4].

We believe that the flotation separation of the mixture of ground plastics should
be carried out while the gas bubbles are spherical in shape, i.e., if condition (1)
is fulfilled.

Objective and tasks of the research. The objective of this work is to
determine the structural and technological parameters of the pneumatic aerator,
which will ensure the absence of the turbulent bubbles and particles motion.

To achieve this objective, it is necessary to solve the following tasks:

- determination of the maximum allowable relative velocity of the spherical
bubble and its diameter;

- taking into account the optimal gas content in the column, calculate the
relative velocity of the constrained floating up of bubbles;

- determination of the maximum equivalent particle diameter that the bubble
can rise into the foam layer;

- determination of the aerator’s holes size and their number.

Research methods. In this work, it was used the method of direct photographing
the air bubbles in the volume of liquid and on its surface together with a scale
ruler.
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Method of engineering calculation of the structural and technological
parameters of the flotator’s pneumatic aerator. An intense interaction
between the liquid and the bubbles, their destruction and coalescence occur in
a multiphase flow (Wang T. et.al, 2007). To find the instantaneous velocity and
location of the dispersed phase, for each of its position, the liquid’s velocity field
must be known (the liquid’s instantaneous velocity at all its points) (Kuan B.
et.al, 2007). An exact mathematical description of such complex flows was not
found.

In complex multiphase flows, the velocity field is unknown and difficult to be
measured. Nevertheless, under certain conditions, the task can be significantly
simplified to determine the velocity of the dispersed phase as a first approximation
(Ziegenhein T. et.al, 2017). Various scientists in their works (Liu L. et.al, 2016;
Zhou R. et.al, 2017) draw conclusions that the resistance force has a much more
significant effect in contrast to other forces acting on the dispersed phase (Shang
Z. et.al, 2015), (the force created by the virtual mass effect arising from the
replacement of the liquid volume by the moving particle volume (Kuan B. et.al,
2007), the lifting force due to the relative velocity gradient over the dispersed
phase surface (Crowe C.T, 2011), the force arising due to the pressure gradient
(Kuan B. et.al, 2007), the turbulent dispersion force due to the motion of
dispersion turbulent vortices, the thermal diffusion force (Talbot L. et.al, 1980)
(is taken into account for particles less than 1 mm), the photodiffusion force, the
Brownian force (Li A. et.al, 1992), etc.).

Suppose that in the flotator’s working volume the velocity field is uniform,
stationary, there are no turbulent vortices. Consequently, the lifting force, the
turbulent dispersion force and the force arising from the pressure gradient can
be neglected. We believe that the dispersed phase moves uniformly, since the
relaxation time (during which it reaches a constant velocity) is negligible.

Then the moving force due to the difference in the densities of the dispersion
(the medium density) and the dispersed phases will be balanced by the resistance
force acting from the liquid. This equilibrium condition in the massless recording
form will be:

”2_”1=§p1_p2’ (3)
T, P2

where T, — the dispersion phase’s relaxation time, s;

g — the free fall acceleration, 9.81 m/s?;

p, — the dispersed phase density, kg/m’.

The relaxation time is a measure of inertia and denotes the time scale of the
relative velocity approaching a stable constant velocity [3, 6, 11]:
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2 2
T, = pd, 24 _ 4p,d, 4)
18u, CyRe  3p,ReC,

where C, — the coefficient of resistance.

In accordance with different motion types of dispersed particles in the liquid
flow, the coefficient of resistance can be calculated for different regions of the
Reynolds number. There are various models for determining the coefficient of
resistance, for example, Schiller-Neumann , the Morsi model, the Stokes law,
the Heider model, the Ishiya model, the Grace model, Tomiyama, the universal
models, the models for determining the coefficient of resistance of solid particles
(Huilin L. et.al, 2003). Other models are also known (Rodrigue D. et.al, 1996).

When comparing the experimental data obtained during the floating up of
gas bubbles in liquids without special measures for their purification, with the
experimental data that were obtained with thorough purification of aqueous
solutions, it was found (first by A.N. Frumkin and V.G. Levich (Levich V.G
1959), later — by others (Polyanin A.D. et.al, 2002)) that even very small amounts
of surfactants lead to the fact that the actual velocity of the bubbles’ floating up
and the coefficient of resistance are close to the values obtained for the solid
spherical particle.

In the bubble as it moves in the purified liquid flow, internal gas circulation
occurs as shown in Fig. 2, a. The circulation direction at the phase boundary
coincides with the liquid flow at the same surface.

1L I 1
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a — in the flow of the purified liquid; b — in the flow with surfactants

Fig. 2. — Trajectory of the liquid and gas flow lines during
the bubble floating up.
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While the bubble moves in the flow with surfactants leads to the “hardening”
of the bubble surface, suppressing the internal gas circulation (Fig. 2, 6). This is
explained by the fact that surfactants dissolved in the liquid accumulate on the
bubble surface and move along it under the influence of the liquid flow. In this
case, the surface tension gradient arises, forcing the surfactant to move in the
opposite direction. Therefore, in the presence of surfactant, the bubble motion
velocity is reduced, and its coefficient of resistance may increase.

The same effect was discovered by A.V. Gorodetskaya both for large bubbles
(Polyanin A.D. et.al, 2002) and in the region of intermediate Reynolds numbers,
1.e., at 2<Re<300. The coefficient of resistance and motion velocity of the
spherical bubbles affected by the presence of surfactants in the liquid should be
calculated using the equations obtained for solid particles.

The comparison of the results of calculations of the air bubbles’ relative
velocities in water according to the models of Tomiyama, Ishiya, Grace, and
Schiller-Neumann with the experimental data (Loth E. 2008) is shown in Fig. 3.
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Fig. 3. — Relative velocities of the air bubbles in water.

Due to the fact that the flotation process is carried out in the presence of
surfactants in the working liquid, i.e. to determine the coefficient of the bubble
resistance, the Ishiya model was chosen:

C, = max {%(1 +0,15Re”"); min{ %x/Eo; %}}, (5)
e

where Eo — the E6tvos number, showing the relationship between the forces
of gravitational and surface tension, which is determined as

Eo o 842 (P=ps), (6)
(e}

where ¢ — the surface tension of the working liquid at the boundary with the
gas phase, N/m, determined by the stalagmometric method.
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Substituting (4), (5) into (3) and solving together with (1) and (2) as a system
of equations with two unknowns, it is possible to determine the maximum
allowable relative velocity of the spherical bubble and its diameter.

18w, (1+0,15Re"”” )(ii, — ;)
d;
_ P, |ﬁ2 _ﬁ1|

Hy

To solve the system of equations (7), we will use the following values of
physical quantities: the dispersion phase density p,=1000 kg/m’, the dispersed
phase (air) density p,=1.2 kg/m’, the dynamic liquid viscosity p,, Pa-s, for water
is calculated by the formula

247,8

, =2,414-107 10715, (8)

where t — the dispersion phase temperature, °C.

Substituting the values of physical quantities in the system of equations (7)
and, replacing the vectors with scalars, let’s calculate the roots of the system of
equations: u, —u, = 0,18 m/c and d, =2,2 MM. In this case, the air bubbles
relaxation time using equation (4) is 1, =2,2-107 c.

The obtained roots of the system of equations (7) and the accepted assumptions
are consistent with the experimental data. This is evident from Fig. 3: the
dependence of the relative air bubble floating up velocities in raw on its diameter
in the region of the obtained roots changes its character. This is due to the change
in the mode of motion of the bubbles in the liquid.

When a significant amount of the gas bubbles floats in the working medium,
a counter-flow of liquid occurs, which tends to replace the volume of the rising
gas. Due to the induced counter flow of the liquid, the resistance force of the
medium increases.

In the case of motion of ensembles with a large number of particles, the
realization of exact solutions in a multiply-connected region turns out to be
practically impossible. A detailed comparative analysis of various variants of
approximate models was performed in (Warsito W. et.al, 2005), where solutions
were obtained for each of them. In the same place (Warsito W. et.al, 2005),
the steady-state velocities obtained on the basis of approximate models were
compared with numerous experimental data. The most accurate result is the
model:

= &P —py); (7

Re =300.

1 5

. L -1 -1 w
o =-C (i, —1,) (pl - (pi \_7 > )]
¢ -1 WL(p 3—1)
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where o — the relative velocity of the constrained floating up of the dispersed
phase, m/s;

C — the coefficient of the constrained velocity, determined by the empirical
formula or constant (usually 2/3 — for the particle, 1 — for the bubble);

¢ — the gas content — the relative volume fraction of the dispersed phase above
the aerator, m*/m?;

W and Y — the parameters that are determined by the formulas (10), (11):

2y, 5(“2 \
W=3+ " ——+= (p L“l lJ’ (10)
Y= “1 L3 J (11)

where p, —the dlspersed phase viscosity, Pa-s. For solid particle in the liquid
or gas u, /u, — . ThenY — 2, and W — 3.

According to this model, a graph of dependence of the relative velocities of
the dispersed phases’ constrained and free motion on the gas content is plotted
&/ (ii, —ii,) = f(¢) — Fig. 4.

Thus, increase in the volume fraction of the dispersed phase leads to decrease
in its relative velocity. In the constrained motion the Reynolds number will also
decrease with increase in the volume fraction of the dispersed phase. Therefore,
the condition (1) will also be satisfied when the bubble diameter is somewhat
larger than the previously calculated. The exact diameter is calculated from the
gas content ¢ whose optimal value is determined experimentally.

There are many different pneumatic aeration devices for flotators. The
simplest to manufacture design of the aerator is the aerator made of a perforated
tube bent in the form of the Archimedes spiral in a plane parallel to the liquid
surface (Fig. 5).
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Fig. 4. — Dependence of the ratio of the relative ~ Fig. 5. — the Archimedes
velocities of the dispersed phases’ constrained and spiral
free motion on their volume fraction
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The equation of this curve in polar coordinates (r, o) has the form
a
o (12)

2n

V=

where a — the spiral pitch, m.

For the uniform distribution of the gas bubbles over the apparatus’ cross
section, the aerator’s perforation pitch is assumed to be equal to the spiral pitch
a. In this case, each hole (except the boundary) has at least four points in its
environment, the distance to which is from a to 1.12a.

It is quite close to the aerators, made in the form of a tube sheet, in which the
perforation is located in the grid nodes with square cells of a size.

The exact solution describing the stages of the bubble growth is not currently
obtained due to numerous factors that are not analytically and experimentally
definable. So, for example, it is still not possible to accurately take into account
the effect of the bubbles on each other as they form in the adjacent holes.

Dependencies connecting the separated bubble diameter d, and the aerator’s
drowned hole diameter D, are known for various gas outflow modes (Kantraci
M et.al, 2005).

Leibson (Kantraci M et.al, 2005. — for the Reynolds numbers less than 2000.
Mu-Young and Blanch (Kantraci M et.al, 2005). — for a wider range of the
Reynolds numbers. Kumar and Kulur (Kantraci M et.al, 2005) is the simplest
relationship for a wide range of the Reynolds numbers.

Another variant uses the forces equilibrium condition at the moment of the
bubble separation to determine its diameter. As the bubble grows, the sticking
force and the resistance force compensate for the lifting force due to the
difference in the densities between the liquid and the gas. The forces of inertia
arising during the bubble growth are usually neglected (Kantraci M et.al, 2005).

When the air bubbles form in the water, there is a difference between the
work spent on changing the size of the phase boundary (to overcome the surface
tension forces), L_and the work spent to overcome the hydraulic resistance, L.
Let’s write their ratio as

dL 2566R’

== dR
dL, 9CDp1(’0A2RA4 (13)

where R — the gas bubble radius, m;

o, — the gas flow velocity in the aerator’s hole, m/s;

R, — the aerator’s hole radius, m.

Upon detailed consideration, it can be concluded that when the air bubbles
form in the water, the work of changing the size of the phase boundary L _ is
two orders of magnitude more than the work spent to overcome the hydraulic
resistance, L_already at Re>25 (for air in the aerator’s hole).
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Consequently, the forces of hydraulic resistance to the bubble growth can be
neglected and the balance of forces at the bubble separation can be written by
the formula:

%nd; g(p,—p,)=nD,osinb, (14)
where @ — the limiting wetting angle, measured by the sessile drop method,
degree.

Usually, when calculating the sticking force of the bubble (the right-hand side
of the last equation), the wetting angle 6 is assumed to be 90° [20]. The formula
(14) connects the aerator’s hole diameter D, and the separated bubble diameter
d, formed on this hole (Kantraci M. et.al, 2005).

To ensure free deposition of non-float particles below the aerator’s level, to
get them into the sediment, let’s assume that the gap between the adjacent aerator
tubes with D_ diameter, m, is equal to three times the maximum linear size of
the particles to be separated dp, m. Then, the Archimedes’ spiral pitch (and the
perforation pitch) is

a=3d +D. (15)
Then the number of the aerator’s holes N can be determined geometrically:

2
N="2, (16)
4a
where D — the internal column diameter, m.
The aerator’s tube length 1, m, quite accurately can be determined by the
formula

z:%/ﬁ. (17)

The gas consumption in the apparatus G, m?/s, can be expressed in terms of
the bubbles motion velocity in the apparatus with the diameter D, m, and the gas
content ¢ — the ratio of the dispersed and dispersion phases’ volumes over the
aerator. To do this, let’s write the expression for ¢

v, (18)

where V, — the gas phase volume in the apparatus, m’; Vs — the acrated layer
volume, m?, determined by the formula
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2
V.- H "f , (19)
where H — the height of the liquid’s aerated layer, m.
The gas phase volume above the aerator depends on the gas consumption and
the bubbles’ floating up time 1, s, which can be expressed through the aerated layer

height and the relative velocity of the gas bubbles’ constrained motion ®, m/s:
H

V,=Gt, =G—, (20)
©®
where H — the height of the liquid’s aerated layer, m.
Let’s substitute the volume of the aerated layer, expressed in terms of D and
H, together with (20) into (18) and let’s express the gas consumption:

4(1 4(1+9)

The literature (Rubinstein J.B. 1995) recommends that the optimal value ¢
for the flotation process should not exceed 5%, since a further increase may lead
to strong mixing of the working liquid due to the induced counter flow of the
liquid during the dispersed phase motion in a limited space (due to the volumes’
replacement).

Using the proposed formulas for calculating the aerator’s design, the
pneumatic aerator’s parameters for the apparatus with a wide interval of the
column diameter can be calculated.

Comparison of the results of theoretical studies with experimental data. To
verify the accepted assumptions and the adequacy of the proposed mathematical
expressions, the pneumatic aerator’s design and technological parameters were
calculated. Based on the calculated parameters, the laboratory installation of the
column flotator with the pneumatic aeration of the liquid was created. Its image
is shown in Fig. 6.
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Fig. 6. — The laboratory installation
m of the column flotator with the
pneumatlc aeration of the liquid
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The values of the created laboratory flotator’s main parameters are the
following: the column’s cylindrical part height is 1 m; its internal diameter is 0.2
m; the aerator’s tube length is 1.6 m; its outside diameter is 6 mm; the aerator’s
holes number is 80 pieces; their diameter is 0.3 mm; the spiral pitch and the
perforation pitch are 0.02 m.

The bubbles dispersion formed at the liquid aeration was studied in the
created installation. Their size was measured by the method of photographing
the air bubbles in the volume of liquid and on its surface together with the scale
ruler as is shown in Fig. 7.
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Fig. 8. — The bubbles distribution by sizes
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Comparative analysis of the experimental and calculated values of the average
bubble diameter.
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The value of the experimental average bubble diameter (2.3-10° m) was
compared with the result of the gas bubbles calculations formed at the drowned
hole. The high convergence of the calculated and experimental data allows to
speak about the adequacy of the used mathematical dependencies and their
successful application in the process of creating the flotator for separating the
mixture of ground materials.

Using the condition of equality of the densities of the liquid and the “bubble
— particle” complex, it is possible to determine the boundary equivalent diameter
of the floating particles. The “bubble — particle” complex formed during the
flotation with the equivalent particle diameter smaller than the boundary one
will float into the foam layer. For the bubble diameter, which was determined
using the system of equations (7) — d, =2,2-10~ ™, with the particles density
1100 kg/m? their boundary equivalent diameter will be 4.7-10~* m, and with the
particles density 2500 kg/m® —1.9-103 m.

Conclusions. The features of the physicochemical properties of plastics make
it necessary to take them into account when creating new equipment for each
stage of the flotation separation technology of the mixture of ground plastics.

Taking into account these features, the paper proposed mathematical
dependencies taking into account the condition of the spherical gas bubbles
preservation, their interaction with the surrounding dispersion medium and with
each other, the condition of floating up of the “bubble-particle” complex and
the ratio of the dispersed phases’ volumes in the complex. The mathematical
dependencies with known properties of the floating material allow to assess the
feasibility of carrying out the flotation separation process of the mixture of ground
plastics in the column apparatus with the pneumatic aeration and determine the
design and technological parameters of the aerator (number of the aerator holes,
their diameter, the spiral pitch and required tube length).
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