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BUITAPOBYBAHHS TA PO3UUHEHHS MAT'HIIO B PYXOMMUMX BYJIBBAIIIKAX

Y pobomi nasooamucs pezynomamu docniodicennsa Kinemuku npoyecy oecyro@ypayii 3a yua-
CMI0 4aCMUHOK Macil. Bukonano mamemamuunuii onuc pyxy oyivbawxu 3 ypaxy8anuam ii paoiycy,
KoeghiyieHmy nogepxnesozo Hamszy, 2yCmunu pioko2o Memany, 2yCmuHu a3y, ciOpasiivHoco muckKy
ma ymog maconepeHocy 6 posniagi. Hagedeno pesynomamu pospaxynxie ois eapianmis, 0e noKasami
Kpusi niotiomy 6y160auiox iz uacmunkoio mazhiio padiycom 1 mm. 3’sacoeano, wo npoyec sunapogy-
BAHHSA 3ANENHCUMD 8I0 KOHYeHmpayii MacHito 6 enubuni memany. Buxonano oyinky macu napu 6 6yno-
bawyi ma 3sminu padiyca Oyavoawku nio yac niotuomy. Iloxkazano, wo weuoxe sunapo8ys8anHs MAacHilo
npu3e00ums 00 30iibuerHs padiycie 6y1bOAUOK, AKI CNAUBAIOMb, MA IXHE WBUOKe CXIONY8AHHS N0 -
A3aHe 3 POIYUHEHHAM Napié y piokomy memani. [Ipeocmaenena Kinemuyna mMooenb nokasye Qisuxo-
XiMIuHUL nepedic npoyecy HAOX0ONCEHHs. MA2HII0 3 OYIbOAUIOK Y PO3NAAGNEHUL Memal nio Yac oopo-
OKU 4agyHy 3epHUcmum mazHiem. Ompumani pe3yiomamu po3paxyHKie Maonms RPAKMUYHY YiHHICMb
NpU 0CB0EHHT MEXHONO2T 8 NPOMUCTOBUX YMOBAX.

Knrouoei cnosa: paginysanns uasyny, machii, Oyavoauika, Kinemukd, MoOeib.

The aim of the work is to study the kinetics of the desulfurization process involving magnesium
particles. The problem was formulated to mathematically describe the bubble motion taking into ac-
count the bubble radius, surface tension coefficient, liquid metal density, gas density, hydraulic pres-
sure, and mass transfer conditions in the melt. The results of calculations for the variants showing the
curves of bubble rise with a magnesium particle with a radius of 1 mm are presented. It is shown that
the vaporization process depends on the boundary condition, i.e., on the concentration of magnesium
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in the depth of the metal. The mass of vapor in the bubble and the change in the bubble radius during
the ascent are estimated. It is shown that the rapid evaporation of magnesium, which leads to an in-
crease in the radii of the bubbles that rise, as well as their rapid collapse, is associated with the disso-
lution of vapors in the liquid metal. The presented kinetic model shows the physicochemical course of
the process of magnesium flow from bubbles into molten metal during the treatment of cast iron with
granular magnesium. The obtained calculation results are of practical value for the development of
the technology in industrial conditions
Keywords: cast iron refining; magnesium; bubble; kinetics; model.

ITocTanoBKka npodaeMu

Hecynbdypanis 4aByHy MOXKe IPOBOJUTHUCS 13 3aCTOCYBaHHSAM Pi3HHUX peareHtiB. J[ist KoxkHO-
ro pearcHTa BayXJIUBO 3HATH (i3WYHY KapTHHY B3a€MOJIl YacTOK BiAMOBIZHOIO peareHTa 3 PO3ILIaB-
nmeHuM MeTtajoM. [ pearmizamii cTabiTbHOT poOOTH 00paHOi TEXHOJOTI] 3HAYHHMI 1HTEpEeC CTAHOBIATh
KiHETHYHI TIUTaHHs AecyIbypalii 32 y4acTi0 YaCTHHOK. 3 TOAAJIBIINM PO3BUTKOM TEXHOJOTTYHHX
METOMIB Jecynbdypamii 4aByHy Ta iX yJOCKOHAJIEHHSM IOCTAalOTh HOBI MHUTaHHS, SKi MOTPEOYIOThH
TEOPETUIHOTO aHANI3y Ta YUCENbHUX OIIIHOK K YChOTO MPOIIeCy, TaK i Horo meTasneil.

AHaJli3 OCTaHHIX J0CTiIKeHb Ta mMyO/TiKkauii

HaykoBi Ta nmpakTHuHI MUTaHHS AeCyIbQypalii Cipku 3HAWILTH CBOE BiJOOpaKEHHS Yy YHC-
JIEHHHUX MyOITiKaIisix, 30KpeMa, JOCBi MPaKTUIHOI poOOTH, aHAIII3 CYYaCHOTO CTaHy Ta HAyKOBi OCHO-
BU TIpOIIeCy y3aranbHeHi y MoHorpadisx [1, 2]. ¥ poborax [3, 4] Oyma po3pobieHa MaTeMaTHIHA MO-
JIe)Ib PO3YMHCHHS TapiB MAarHiro, 10 MICTAThCS B OyJbOalllli, Mo pyXxaeThes, ¢ 0yJI0 moKa3aHo, 10
HaBiTh TOPIBHSHO BEJUKi OyJIbOAIIKK BCTUTAIM BiJIaBaTH PO3IUIaBY MPAKTHYHO BCIO MAacy ra3oromi-
OHOrO MarHiro. Y po0oTi [5] 32 JOTTOMOTOI0 YHCENFHOTO aHaNi3y BAAJIOCS IMOKA3aTH, IO 3a HAasBHOCTI
ximMigHOI peakuii Mg + S < MgS, sxa npoxXoauTh y MPUKOPAOHHOMY IIapi OyIpOaIIKu, mapyu mar-
HIiI0 JIOCHTH HIBUJIKO WIAYTh y PO3IUIAB, HABITh MpH Horo OmokyBaHHi. Lls Teopis Oynma po3BuHEHa y
poborax 30opmuka A.M., Kypranosa B.A., buukosa 10.b.

DopMyJTIOBAHHS METH A0CTi/IZKEHHS

MeTor poOOTH € JOCHIDKeHHS KIHETHKH MpOoIecy Necyiabpypallii 3a y4acTIO YacTHHOK
MarHito.

Bukian ocHoBHOro maTtepiany

Ilocmanogxa 3a0aui

VY poGoti po3rasiHeMo pyx OyibOallKH, 10 MICTUTh YaCTHHKY MAarHilo 3 ypaxyBaHHSAM Horo
BUIIAPOBYBAHHS 1 pO3YMHEHHS B pigkomy Metani. [Iporec mporpiBy 4acTUHKHM Ta ii po3IUIaBIeHHS
YKJIQIa€ThCS B IECATI 1 HABITh COTI J0JI1 CEKYHJU, TOMY MOr0 MOXHA HE PO3MIISJIATH, TaK SK IPH PO-
0oumMx TemIepaTypax Ta TNIMOWHI [To/1adi MarHiro 1ei Yac He3HAYHH.

Po3risig mouHeMo 3 MOMEHTY, KOJI
YaCTHHKA MarHito po3IuIaBujacs 1 3aloBHU-
Ja JIeTKUHA CerMEHT y HIDKHIM yacTuHi Oy-
nme0amku (puc. 1). [puiimaemo, mo pigkuit
MarHiii 3MoYye piKUi YaBYH, TOMY piJKa
Kparuisi MarHito mnpuisirae a0 merany. [Ipu
BOMY TEeMIIEpaTypa MOBEPXHi pigKoi Kparl-
JIi MarHiro JOPIBHIOE TEMIEpaTypi PiaKoro
Metary. HeoOXigHO 3a3HA4MTH, IO BXIiA
Z YaCTUHKH B METaJ 33 BEJIMKHX LIBHIKOCTEH

CYNIPOBO/DKYETHCS  YTBOPEHHSIM ~ KaBEPHHU

[6], B sIKy BTIKa€ ras, 3aXOIUICHUI 4aCTHH-

Ko10. Il ONMHOYHOT YaCTUHKHM L€ MOXKHA

OLIHUTH 32 PO3MIpPOM 1 HIBHJIKICTIO BXO-

JOKEHHS YaCTUHKHU. Y [IbOMY BHUIAJIKY, KON

Ha TIOBEPXHIO MeTalny manae nBodasHuit

Puc. 1. Cxema po3TalllyBaHHs PiJIKOTO MarHito ~ CTPYMiHb i3 BEJIMKOIO KOHIEHTpAIli€l0 Yac-

B OyJp0alllili, ska IPUHHATA B pO3pPaxyHKax THHOK, a caMma TOBEpXHs mepedyBae B Xao-
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TUYHOMY KOJIMBAJIBHOMY CTaHi, OLIHUTHU 1€ TPAKTUYHO HEMOKJIMBO, TOMY MOYaTKOBHI BMICT ra3y B
Oynpoari Oyaemo BapiroBatu. YBiBmu koedirieHT k = Vg o /VMmgo (Voo — nouaTkoBuii 06'eM rasy B
Oymnp0aii; Vmgo — MOYAaTKOBUI 00'€M YaCTHHKH MArHii0), IpUAMEMO, 10 BiH Y Pi3HUX BapiaHTax
3MiHIOEThCA Bin 1 go 10. Jlani BBaxkaemo, 1mo OysbOalika miJHIMAEThCS 3 JesAKOI 3a7aHol TJIMOWHUY,
3MIHIOIOUHCH JeHI0 B 00'eMi uepe3 3MiHy rifpaBiiuHoro THcKy. Ha meskii rmuOuHI, KOJIKM TePMOAH-
HaMiYHa TeMIepaTypa BHIIAPOBYBAHHS PIIKOT0 MAarHiro JOPiBHIOBATHME TEMIEpaTypi piKOTo MeTa-
Iy, Tix #ioM OyIBp0aIIKi CympOBOIKYBAaTUMETECS BUIIAPOBYBAHHSAM MAarHito, IIpU IbOMY BBa)KaTHMe-
MO, L0 MMOBEPXHS MarHilo 3a KBa3ipiBHOBAKHMUX YMOB JIOPiBHIOBATHME TEMIIEPaTypl BUIAPOBYBaHHSI.

BuxopucTtoByroun MaTeMaTHIHy MOJENb POOIT [3—S5] HanmuIIeMo Terep Taki piBHIHHS.
1/2

dX5 =U, =| gR, Pu—Pe Owm )
dt Pw T Pe RP(pM +pP)

ne Xp — nuisix Oymnpbarmku; Up — MBHAKICTE pyXy 1 MiAHATTA OynpOamku; Rp — pazaiyc OynpOamku;
oM — KOeQIIIEHT MOBEPXHEBOI'O HATATY; pM — TYCTHHA PiJIKOTO METaly, pp — T'yCTHHA Trasy.

Le piBHsHHS pyXy OynbOamku xapakTepusye KBasipiBHOBaXHWH mimiom ii B pimuni [7]. ¥
HAIIOMY BHTAJKY IIiJ pajiycoM OyIp0aIku po3yMiTHMEMO €KBIBAIGHTHHUH paiyc, TOOTO

4
gﬂRps =Vyg + Vo, )

ne Vmg — o0'eM, skuii 3aiiMae pinkuii Martiid; Ve — 00'eM mapora3oBoi cyMinn B Oyib0anili, a i
TYCTUHOIO pp — BEINYNHY

Pp = (mG +m, + mMg)/(\/Mg +VG), (3)
t t

ne Mg — Maca rasy (BeJIM4uHa MOCTikHa, IO 33/1a€Thes); M, = I Gug.1 dt— J. Gy g]’Rdt — Maca mapu
0 0

MarHilo (Gmg — BUTpaTa MarHito, MO BUMApOBYeThCs, Gmgr — BHTpaTa Mapu MarHiroo, M0

t
PO3UMHSAETBCS B PO3ILIABL); My, =My o — I GMg,Idt — Maca pIIKOrO MarHiro, MpH I[LOMY
0

Ving = Myg/ Pug -
Jlaii BunuiieMo piBHSHHS CTaHy Ta TiJIpaBIivYHOTO TUCKY y BHTIIAII:

PV = (mG +Mp )RST ; (4)
Pp =Py +oudhe + 0y, Ry, (®)
Cs Cmg - . .
ne Ry = R| —+ —— | — rasoBa nocriiina cymimi; R — yHiBepcanbHa razosa crana; Ms, Mvg —
M G M Mg
MOJIBHI MacH ra3y Ta MarHito; Cyq =Mp / (mP + mG) — KOHIIEHTpAIlis TTapyu Mardiro B OynIs0ariiy;

Tp=Tm — TeMmmepaTypa Ta30BOi CyMillli, TeMiepaTypa po3riaBy; hp — TiaHOWHA, 1€ 3HAXOIUTHCS
Oysn0arka.
I3 ux 3anexxHocTe HEOOXiAHO BU3HAUMTH MapLiaIbHUHA THCK MapiB
-1
Pu C Cy Cy
g _| fe 4 Mg g

X_ i)
e Y (Mg M M

Mg Mg

(6)

e Xy — MOJIbHA KOHLEHTPALlis Iapy B CyMillli.
Lls ymoBa ciyrye juisi BU3Ha4€HHs! KOHLEHTPALT Mardiio Yy, p Ha MOBEPXHi METaly 3 TePMO-

JUHAMiYHOI YMOBH PiBHOBAarH.
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7000 Pwvg
19(1007 g p )= 2 ~5.1+1g—M
( g') Tp 10°

Burtpary Marsiro, 110 BUTIapOBY€ETHCS, BU3HAYNMO MPHUOIM3HO TaK. YSIBIMO 00'eM JiH3M, SKAN
3aiiMae piAKUI MarHii, y BUTIAI TUCKA 3 PIBHAM 00'€éMOM 1 PiBHOIO BUIBHOIO MOBepxHEo (Ha puc. 1
1€ TTOKa3aHo IyHKTUPHOIO JIiHI€10), TOOTO

(7

Vyg = ﬂRPS[l—COSS—%(l—COSBS)} = R, Sin*9 -, .

Butpaty Marsito, 0I0 BHIAPOBYETHCS, MOXKHA OTPUMATH, BBKAIOYM, MIO MpOIEC
KBa3icTalllOHapHHWH, TOOTO TEMJIOBI MOTOKH, IO WAYTh IO PIAKOTO MAarHilo, BUTpPayaroTbCcs Ha
puxoBaHe (pa3oBe TEIIo:

GMg,I H| = (QL + 0 )SMg ' (8)
4 4
Ty T, . .
ne Hi — npuxosanme ¢asose Temno; 0 =0g|| —< | —| == — TEIUIOBHHA TMOTIK
100 100
. P Tm _T| o . . .
BUIPOMIHIOBAHHS, 0y — KoeiuienT bonbumana; Gy = Ay, ——— — TeIUIOBHUIA MOTIK BiX piAKoro
hyg
MeTaly, 0 HaIXOJUTh 3a PaXyHOK TEeIIONPOBIHOCTI, Smg— MOBEPXHS MarHi€BOi Kparuii;
7115
' 710.162 - Ig p,,, ©
: —1g ng

ne T — TemmepaTtypa BUIIapoByBaHHS MarHito [1, 2].
Tenep no 1iei cuctemu HEOOX1THO TOJIATH YMOBH MacOIIEPEHOCY B PO3ILIaBi

GMg,R = 4R§(7Z_‘9)9Mg v Omg = pMa(7/Mg,P — VMg.M )v (10)

ne o — KoeimieHT MacoBianadi; ymgm — KOHIEHTpAIlisl MarHiro B MeTami. J[Jis OIiHKK BENIWYNHHA O
BUKOPHCTAEMO KpUTEpialbHE CIiBBITHOIICHHS

2R, -« 055
Nu=2"2"%_506Re,***Sm’, (11)
Mg
ne Dvg — xoedinient augysii Monekyn martito B Metani; Rep =2RpUp /vy, — uucno PeitHonbaca;
VM — KiHEMaTUYHUK Koe(illieHT B'S3KOCTI MeTamy; SM= Vm / DMg — umcno lIminra. Koedimient

nudys3ii y pospaxynkax npuiimascs pisaum 3-107° m?/c [8].

Pesynomamu po3paxyHkie

HaBenemo pesynpraTé po3paxyHKiB Ui YOTHPbOX BapiaHTiB. Ha puc. 2 (a—T) mokazaHo
KpHBI MiiifoMy OyIb0aIIoK 13 YaCTUHKOI MarHito pagiycom 1 M.

3 pHCYHKIB BUIUTUBA€E, IO KPUBI MiJiOMy cIaOKO BHUKPHBIICHI, O CBiTYUTH MPO HEBEIUKI
3MiHM IIBMAKOCTEW min dac pyxy. KpiMm Toro, nobpe BuaHO, mo uuM Oinblmia OyipOaiika, THM
NOBiJIbHINIE BOHA MifAHIMAeTbesA. Lle excrepuMeHTanbHMH (akT JUIs MOPIBHSHO HEBEIHKHX
OynbOarok, sikui BijmoOpaxkeHud y BumucaHiii gopmyni (1), 1m0 onmucye KpuBy THITYy mapaboiu 3
mirimymom y touui R, = oy, / p,, g (y Hamomy Bunaaky npu om = 1.8 H/m i pm = 7000 kr/m® Rp =
0.0051 m, mo Bignosigae Up = 0.317 m/c). TakuM 4yuHOM, Ha MiAHOM i3 TIMOMHU 4 M Hije TPUOIM3HO
9—12 ¢, a 3 mbuan 2 M — 5—6 ¢. 3a 1el yac piAKMIA MarHid, M0 3HAXOAUTHCSA B OyJIbOaIi,
BUIIAPOBYETHCS 1 POZUMHAETHCS B PO3ILIABI.
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a)H=4m; T=1473 K., ymgm =0 6) H=4m; T=1523 K., Vmgm =0
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\
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0
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tc tc
B) H=4 M; T=1523 K., Ymem = 0’003 I') H=2 M; T=1523 K., VMg,M = 0,003

Panl —Kk=1;pan2—k=2;pan3 —k=4;psind —k=6;psn5—k=38; pan 6 —k =10.

Puc. 2. Kpusi nifiiiomy 0yJib0aIiok i3 4aCTUHKOI0 MarHiro pajaiycom 1 MM

Le#i mporiec 100pe nporisaaeThes Ha puc. 3 (a—r), e BUJIHO, 10 BiH 3arajioM 3aiimae He 0Oi-
JipIIe 1BOX cekyHa. [yis Merany 3 temmeparyporo 1473 K BumapoByBaHHS MOYMHAETHCS HA MIOCTIH
cexyHni (puc. 3 a), mo BiAMOBigae MPUOTU3HO TTUOWHI 2 M. (TeMIlepaTypa BUIIAPOBYBaHHSI JIOPiBHIOE
Temreparypi Merainy). [y Oiibll BUCOKOI TeMIIepaTypy MMOYaTOK BUMIAPOBYBAHHS IMOYUHAETHCS pa-
Himre, 01u3bK0 2,5—3 ¢, 10 BiANOBigaE NPUOIU3HO 3 M TJIMOMHU. Y YETBEPTOMY BapiaHTi MiaioM
Oynb0OAaIIKK MOYNHAETHCS 3 2 M, TOMY MarHiii MpakTHYHO MUTTEBO BHUIIAPOBYETHCSI HA CAMOMY TOYaT-
Ky pyxy.

KpiMm 3a3HaueHoi 0COOIMBOCTI BUIIAPOBYBAHHS, HA MPEACTABICHUX PHCYHKaX BHIHO JYXKE
BaYKJIUBY J€Tajb: IPOIIEC 3aJCKHUTh BiJl IPaHUYHOT YMOBH, TOOTO BiJl KOHIIGHTpAIlil MarHit0 B MIUOHHI
MeTaiy.
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r) H=2m; T=1523 K., ypgm = 0,003

Panl—k=1;pan2 —k=2;pan3 —k=4;pand —k=6; pan5 —k=38; psn 6 —k =10.

Tawm, ne cmgcen= 0 (puc. 3 a, 0), mapu MarHito WIyTh 3 OyaHOANIOK TOBHICTIO (ITOYaTKOBA CTa-
Iist gecynbdypaiii). Y pasi, SKIIO KOHIIEHTPAIIisl MarHiF0 B METaJll BUCOKa (KiHIIEBa CTajisi), TO BUILE
CIIOCTEPITaEThCsl MOBEPHEHHS Napu B OyJb0aiky. Y 4eTBepTOMY BapiaHTi Lie CIaOKO MPOTIIsIAEThCS,
y TpeTbOMY — J100pe BUAHO, 10 Mapu B OyipOanii i yac HaOIvbKeHHS i 10 TIOBEPXHi CTa€ HaBITh

Puc. 3. Kpusi macu mapu B Oynp0arii

Oinpiue, Hix Oyio. L{fo BakxiMBY 0COOMUBICTD CITiJi BPaXOBYBATH B MPAKTUYHIN AiSIBHOCTI.

3a3HaveHi Jerani Jo0pe MpOrIIsAaloThCS 1 B HACTYITHIN cepii pUCYHKIB, Y SIKUX HaBEJICHO KPH-
Bi 3MiHH pazniyciB OyibOamok. 3 puc. 4 a i 6 BUIIMBaE, IO pajiycu MOCTYNOBO 30iibuIytoThes. Lle
MIOB'SI3aHO 3 TiAPABIIYHUM MagiHHAM THCKY. [IoTiM cnocTepiraloTbes CIJIECKH, aHAIOTIYHI PUCYHKAM
3, a IOTIM TaKe ) HEeBeJIMKE 3pOCTaHHs. Y BHIAAKY, KOoJH cmgch = 0,003, pagiycu Oynb0amiok 3pocra-

I0Th 3HAYHO IIBUIIIE, TIPO IO CBi4aTh KPUBI pUC. 4 B1iT.
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Puc. 4. Kpusi 3minu pajiyca Oysab0alliKky Imij1 4ac miainomy

Ha puc. 5 HaBeieHO iHTErpaibHI KPUBI, 110 XapaKTePH3YIOTh MPOIIEC 3arajioM.

3a UMMHU PUCYHKaMH A00pe MPOCTEKYETHCA, K MEPEXOAUTh MarHii y piAKMNA MeTall 3al1exHO
Bz koedimienta k = Vg /Vmgo . Ha prc. 4. a BHIHO, 110 KPHUBI IOMITHO PO3IIAPOBYIOTHCS, IS 1HIINX
BapiaHTIB MPOIIEC i/ie OB IHTEHCHBHO, TOMY PO3LIAPYBaHH 3BYXKYEThCS. Y BCIX BapiaHTax KpHBI 3
HYJIS BUXOJISITh HAa IOKA3HUKH, SIKi JOPIBHIOIOTH NOYATKOBIi BeIM4YKMHI Macu MarHito. Tak, y nepuomy
i B Jpyromy BapiaHTax OCTaHHi 3HAa4eHHs AOPiBHIOKOTH 7,28—7,30-10° kr s wacTHHKM Macow
7,285—107 kr, T06TO MOMMIIKK cTaHOBNIATH MeHe 0,1 BigcoTka. Y 1BoX iHmmMX BapianTtax (puc. 5 B i
T) CJIsE BUXOJy Ha IMOYATKOBY BEJTMYUHY MACH MAarHil0 KPHBI MIOCTYIOBO 3HIKYIOTHCS, IO TIOB'SI3aHO
31 3BOPOTHHM BXOJKEHHSIM MapiB y OynbOarky.
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Puc. 5. KpuBi po3uMHEHOT Macu MarHiro

BucHoeku

[IpoBeneHi po3paxyHKH IMOKa3alld IUHAMIKY YTBOPEHHS 1 TOBEIIHKH BiTHOCHO HEBEIUKUX Oy-
NH0AIIOK CyMillli HECY4Oro rasy 3 apaM Martio, 0 pyXarTbcs B pO3IUIaBiIeHOMY YaByHi. [lokaza-
HO, [0 IIBHUJKE BUMIAPOBYBAHHS MarHilo MPU3BOJUTH O 301IbIICHHS pajliyciB Oynb0amiok, sKi Cruiu-
BAaIOTh, 4 TAKOXK TXHE MIBUJIKE CXJIOMYBaHHS, MOB'SI3aHE 3 POZYMHEHHSM IapiB y pilkoMy metaii. Taka
NOBEIiHKa XapaKTepHa JUIs MOYaTKOBOI cTaiii mpouecy Aecyib(ypalii, Koiau KOHIEHTpaLisl MarHiio B
MeTaJi MPaKTHYHO JOPIBHIOE HYIO. [ BHIaAKy MOPIBHSIHO BUCOKOI HOTro KOHIIEHTpalii (KiHIeBa
CTaJlisl IPOIIECy) MOXIINBHUI eEeKT MOBEPHEHHSI PO3YMHEHOTO MarHio B Oynb0aniky, ToMy 1o mapii-
aIbHUI TUCK Napu MarHiro B OyJb0alii MoXe BUSBUTHCS HIDKYMM 33 HEOOXiAHy Bennuuny. Ll mika-
Ba OCOOJIMBICTH IMOB'A3aHA SIK 3 KOHLEHTPAII€I0 NapiB MarHiro B camiii OynpOariii, Tak i 3 yMoBaMHu
3HAXO/DKEHHS y piKOMY MeTaii. TakuM YWHOM, MpeJCTaBIeHa KiHETHYHA MOJIENb MOKa3ye (i3hKO-
XiMiuHHMH nepedir npouecy HaAXOHKEHHS MarHilo 3 OyJb0alloK y po3IUIaBIeHUI MeTall miJ Jac 00-
poOKHM YaByHY 3epHHCTHM MarHieM. OTpuMaHi pe3yJabTaTH pO3paxyHKIB MalOTh MIPAKTUYHY LIHHICTH
NIPY OCBOEHHI TEXHOJIOT1] B IPOMHUCIIOBHX YMOBaX.
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EVAPORATION AND DISSOLUTION OF MAGNESIUM IN MOVING BUBBLES

Abstract

Desulphurization of cast iron can be performed using various reagents. For each reagent, it is
important to know the physical picture of the interaction of particles with molten metal. To ensure the
stable operation of the chosen technology, kinetic issues of desulphurization involving particles are of
great interest. With the further development of technological methods for desulphurization of cast iron
and their improvement, new issues arise that require theoretical analysis and numerical estimates of
both the entire process and its details

The aim of this work is to study the kinetics of the desulphurization process involving
magnesium particles. The problem was formulated to mathematically describe the bubble motion
taking into account the bubble radius, surface tension coefficient, liquid metal density, gas density,
hydraulic pressure, and mass transfer conditions in the melt. The results of calculations for the variants
showing the curves of bubble rise with a magnesium particle with a radius of 1 mm are presented. It is
shown that the vaporization process depends on the boundary condition, i.e., on the concentration of
magnesium in the depth of the metal. The mass of vapor in the bubble and the change in the bubble
radius during the ascent were estimated.

The calculations have shown the dynamics of formation and behavior of relatively small
bubbles of a mixture of carrier gas and magnesium vapor moving in molten iron. It is shown that rapid
evaporation of magnesium, which leads to an increase in the radii of the bubbles that pop up, as well
as their rapid collapse, is associated with the dissolution of vapors in liquid metal. This behavior is
typical for the initial stage of the desulfurization process, when the concentration of magnesium in the
metal is almost zero. For the case of a relatively high concentration (the final stage of the process), the
effect of returning dissolved magnesium to the bubble is possible, because the partial pressure of
magnesium vapor in the bubble may be lower than the required value. This interesting feature is
related to both the concentration of magnesium vapor in the bubble itself and the conditions in the
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liquid metal. Thus, the presented kinetic model shows the physicochemical course of the process of
magnesium flow from bubbles into molten metal during the treatment of cast iron with granular
magnesium. The obtained calculation results are of practical value for the development of the
technology in industrial conditions.
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