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€Egimosa B.I.
HauionansHuii TeXHIYHUN YHIBEPCUTET YKpaiHH
«KuiBcpkuit monitexHiuHui iHCTUTYT iMeHi Iropst Cikopcbkoro»

Cmipnos 10.0.
Di3UKO-TEXHOJIOTIYHUN THCTUTYT METAJIiB Ta CIIaBiB
HauionansHoi akagemii Hayk Ykpainu

BU3HAYEHHSA OIITUMAJIBHUX PEKUMIB ITPOAYBAHHSA METAJIY
IHEPTHUM I'A30OM IIPU BE3IIEPEPBHOMY PO3JIMBAHHI

B pobomi nokazano, wo Oesnepepene po3nusamus CmMaAi € WUPOKO GUKOPUCTOBYBAHUM NPOYECOM
i gadicnueum emanom y aupoonuymei cmani. Ilpu yvomy uucmoma cmanu i cmpoeuii KOHMpOIb CKIady, nopso
3 AKICMIO NOGEPXHI De3nepepeHol 3a20Mo6KlU € NEPULOUEPOBUMU 3A60AHHAMU.

3’saco6ano, wo wucmoma cmanu 3anexicums 6i0 KiibKocmi, Mopghonozii ma po3nodiny 3a posmipamu
HeMemaniunux 6Ka04eHy. Busnauenns «uucma cmansy 3MiHIOEMbCA 6 31EHCHOCMI 8i0 iT NPUSHAYUEHHS.

Toxazano, wo npomisicHull Ko8ul A6JIA€ cOO0I0 OCMANHIO MEMANYPIIUHY EMHICMb, 6 AKIll MOJNCHA Kepysamu
YUCTNOMOIK) 2008020 NPOOYKNLY, 3ACIOCOBYIOUU NPOOYKYIIO Hepe3 NpooOyeHi hypmu 3 pisHUM OlamMempom
2a30P03N00IIbHUX KAHATIS.

Busnaueno, wo cmyninb paginysanus memaieso2o po3niagy npu 6UKOPUCIAHHE RPOOYEKU IHEPIMHUM 2A30M
3anexcums 8i0 diamempa ny3ups. ma didmMempy KaHauy, wo UOLIAE 2as.

Busnaueno, wo memoro docnioscens € meopemuyre 0OIPYHMYBAHHS POIMIPY 24308020 NY3UPS 8 BUPOOHULOMY
npoyeci npu NPOOYEAHHI CMALi IHEPMHUM 2A30M, d MAKONHC NIOMEEPONCEHHS OAHUX AHANIMUYHUX PO3PAXYHKIG
PO3NOOINY HEMEMAaNesux 6KAI0UeHb NiCIs NPOBeOeHH S Cepil NPOMUCTIOBUX eKCNEPUMEHMNIE.

Y pobomi nposedeno ananiz KiHemuxu nepexooy HACMUHKU HEMEMane8o20 BKIIYEHHS Uepe3 ePaAHULI0
nOOLY Memai — WiaK npu nPpooye8anHi Memainy iHepmHUM 2a30M.

Busedeno pienanHA, wo onucye npoyec HAKONUYEHHS HACMUHOK HeMemanesux 6Kao4eHb, wo 0Yi1o
eMy1b208AHO ULTAKOM.

Ilokazano, wo po3paxyHoK WEUOKOCMI eMYIbeY8aHHA HYACMUHOK NOKA3YE HAUKpawyi pe3yibmamu npu
weuokocmsax eumpamu 2azy 10—12 wmun. Ipu yvomy 3a2anerutl 06’ em Kpanaumn Memany 8 Wiilakosii gasi
30LILUYEMbCSL 3 YACOM NPOOYBAHHA. 3a MAKUX VMO8 WGUOKICb eMYIb2Y8aAHHS KPANIUH 30L1bULYEMbCs
BIONOGIOHO 00 WBUOKOCMI IX YMBOPEHHS, 6 Pe3yIbmami 6CMAHOSTIOEMbCS CMAYIOHAPHULL PEXNCUM | cmae
cmanoro.

3’acoeano, wo npu weuoKocmsax nomoxy nowao 12 nxe’ weuoxicmvs ymeopenns kpaneiv uwa, npome
PIBHOBAIICHT YMOBU 00CA2AIOMbCS DOBULE.

Yucnennumu 00CTIOHUKAMU 6CMAHOBNEHO, WO HALIKPAWi pe3yTomamu papinysanus cmai 6i0 Hememaneaux
BKIHOUEHb 00CA2AIOMbCS NpU diamempi 0y1b0auox y oianasoni 1-5 mm.

Ipynmyrouuce na euuje Hageoenux meopemudHuX 3acaoax, Hamu 6110 nPo6edeHo NPOMUCLOE] 6UNPOOYEaAHHS
Ha 0gopyunoi MHJI3 npu posnusanni cmani mapku K-60.

s niomeepOdiceHHss meopemudHuUX pO3PAXYHKIE 0Y10 NPOBEOeHO eKCNEPUMEHMANbHI 00CAI0NHCeHHs
Y HPOMUCIOBUX YMOBAX 3 GUKOPUCTIAHHAM NPOOYBAIbHOI (hypMu 6e1uKkoi npomsajcHocmi 3 Oiamempom
2a308U0LNI0BANILHO20 KaHaly 1,5—2 mm, aKka 6 pe3yibmami npooy8anHs 003601514 OMPUMY8amu OYIbOAuIKY
pozmipom 4,5-5 mm, ma npodyenoro bankor, 3 diamempom 2a308udintosanvhux kananie 0,14—0,16 mm, wo
0036015110 ompumyeamu Oyivoauiku diamempom 3,0-3,25 mm, 3 eumpamoro eazy 10—12 n-mun.

B pesynomami nposedenux excnepumenmie 6CMAHOBIEHO, WO 8 OOCIIOHOMY MA NOPIGHATbHOMY MemdJi
3YCMpIYaomvCsl NepedadcHo MoHKI Cyib@ioni sxarouenis 0o 0,5 b6anu, mouxosi okcuoui exkaouents 0o 0,5 oanu
ma CUNKamui 6KAI0UeHHs K 2100VIAPHOL, Mak i psaokoeoi gopmu 0o 4 6anu. YV 3paskax 3 0ociionux cis6ie
KinbKicmb oxcudie ma cyib@ioie dewo meHwia, Hide y nopieusivnomy. Ha ecix spasxax 3ycmpiuaromvcs

HeMemanesi 8KII0UeHHA Y 8ueNAdi cKynueHb (KoHenomepamis) OpiOHUX BKIIOUEHb OKPY2loi ma HenpasuibHol

eeomempuyHoi ghopmu. MakcumanoHi po3mipu 8eIUKUX 8KAIOUEHb OJisl MEMALy NEPULO20 CIMPYMKA 00CA2AIOMb
60-80 mxm, a opyeozo — 50—60 mxm.

Kinvrxicni oyinxu y 3paszxax 3i cisi0ie, GIOAUMux 3 npoO0y8aHHiIM apeoHOM Yepes npoodyeHy OAIKY NOKA3AIU,
WO KIMbKICb GeNUKUX HEMEMAnesux 6KioueHb (po3mip oinvute 50 mxm) smenutyemocs 6 cepeonvomy 40-80%,
NOPIBHAHO 3 NPOOYBAHHAM Uepe3 NPOOYEHY QypMy. 3mentuenHs Kitbkocmi 6Kkaouens posmipom 20—45 mxm onst
csby opyeoeo cmpymka cmanosums 14—26%.

Knwuoei cnoea: mememanegi GKIIOYEHHA, NPOMINCHUN Ki6ui, NpoOYEAnbHi Npucmpoi, Oesnepepeme
PO3MUBAHHS CM AT, MEMALOSPADIUHI OOCTIONCEHHSL.
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Bueni sanucku THY imeni B.1. Bepnaacbkoro. Cepis: Texniuni Hayku

[ocranoBka mnpodaemu. besnepepBHe po3-
JUBAHHS CTajli € MHUPOKO BUKOPUCTOBYBAHUM TIPO-
IIECOM 1 BXJIMBUM €TarioM y BHPOOHHMIITBI CTalll.
bamszbko 90% crami, 10 BiAJIMBAETHCS Y BCHOMY
CBiTI  BHpOOJIIETHCS  OE3MEPEPBHUM  METOJOM.
VY neskux 4acTHHAX CBiTY, B TOMY YHMCI]i 3axiIHOi
€porn, Snonii Ta CLLIA, 6e3nepepBHe po3THBaHHS
cTtaHOBHUTH BuIle 97%. BuHHMKaro4a KOHKYpEHIIis
y BUPOOHMYHUX FOPU30HTAX MPOSIBISIETHCS B CTPOTUX
BUMOTax JI0 SIKOCTI, IKi CTaJ¥ KPUTHUYHUMHU 3 TIO3H-
il MpOrpecuBHO 3pPOCTAlO4Oro o0cATy BUPOOHU-
1TBa. B pesynbrari, uucToTa CTaNmM i CTpOTUil KOHTP-
OITb CKJIQJTY, TIOPSIZT 3 SIKICTIO MTOBEpXHI Oe3mepepBHOT
3arOTOBKH € TEPIIOYEePrOBUMH 3aBJaHHSIMH.

HemeramiyHi BKJIIOYEHHS, IO YTBOPIOIOTHCS
B IIPOIIECi BUPOOHHUIITBA CTAJIi 3HAYHO BIUIMBAIOTH HA
BJIACTHUBOCTI CTaji Ta METaIONPOAyKIlii. Bunanenus
HEMETalIeBUX BKJIIOUEHb Yy TpOIecax BUPOOHMIITBA
CTaJy BiIITpae YiIbHY PO IPU OTPUMAaHHI ITPOTYK-
11ii BUCOKOT SKOCTi. [OJIOBHUM 3aBIaHHSM METayp-
riB € BHJAJICHHS HEMETAJICBUX BKJIIOYCHb, 8 TAKOXK
KOHTPOJIb MIPUPOAHN 1 PO3IMOIIT BKIIOUYEHB, 110 3aJH-
IIFUTACS B CTall.

bimpmiicte  MOCTIMKEHb TIPOAYBAHHS METaTy
IHEpTHUM Ta30M, TPEICTaBICHUX Y JiTeparypi,
NPUCBSIYEHI BUAAJICHHIO HEMETAJEeBHX BKIIOUCHb
B OZIHO-ZIBOPYYKOBOMY ITPOMI>KHOMY KOBIIi [5—7].

Bimomo, 1mo mporiec mpoxyBaHHA CTaji iHEpT-
HAM Ta30M CYIPOBOIKYETHCS IIJIOI0 CYKYITHICTIO
(hi3UKO-XIMIYHUX MPOLECIB, SIKI XapaKTePU3YIOThCS
YTBOPEHHSIM METaJIeBOi eMyJbCii B LIIaKy, IO MpHU-
3BOJMTH JI0 30UIBIICHHS MAaCcOIEPEHOCY MiXK J[BOMa
piAMHaAMU, MO HE 3MINIYIOTHCS, B PE3yNbTaTi 4oro
3pocTae MBUAKICTh aCUMITIAIIT HeMeTanmigHoi ¢a3u
nutakoM [8]. OmHak po3TanryBaHHs MPOTYBHHUX MPH-
CTpOiB y 0araTopy4KoOBHX MPOMDXKHHX KiBIIaX TTOBU-
HHO OyTH TakuM, MO0 Tra30TriApOJUHAMIYHI TOTOKU
pizkoi crami 3 NpUKPIMICHUMHU A0 OyibOalok rasy
HEMETAJIEBUMHU BKJIFOYCHHSAMH Malld OJHAKOBY TE€M-
meparypy Ta KiTbKiCHHHA CKJIa y KOXKHIN TOUIIl Tpo-
MIXKHOTO TMPHUCTPOO, JUIS 3a0e3MeueHHS OIHAKOBOT
SKOCTI JINTOTO MPOIYKTY Ha KOXKHOMY CTPYMKY.

YucToTa CcTajdM 3aleXHUTh BiJ KIJIBKOCTi, MOp-
¢ororii Ta po3moiny 3a po3MipaMH HEMETaTIdYHUX
BKIIFOYE€Hb. BU3HAYEHHS «UUCTa CTab) 3MIHIOETHCS
B 3QJIKHOCTI Bif 11 mpu3HaueHHs [1].

[IpomikHMI KOBIII — II¢ OCTaHHS MeTajypriiiHa
€MHICTh, B SIKii MOXXHa KEpPyBaTH YHUCTOTOIO TOTO-
BOTO TIPOAYKTY, 3aCTOCOBYIOUM MPOAYKIIIO depe3
MIPOAYBHI (QypMH 3 PI3HHM IiaMEeTPOM Ta30pO3IIo-
JIIBHUX KaHAIB.

AHagi3 ocTaHHiX aocaigkeHb i myOsaikamiii.
Bimomo, mo cTynmiHb padiHyBaHHS METaJeBOTO
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pO3MJIaBy NpPU BUKOPUCTAaHHI MPOLYBKH 1HEPTHUM
ra3oM 3aJIeKUTh BiJl JiaMeTpa My3Hups Ta JiaMeTpy
KaHaIy, 0 BUAUIIE Ta3. baraTouncieHHUMHA TOCIi-
JUKCHHSIMU [2—7] BCTAHOBJIEHO, IO BHUKOPUCTAHHS
Oynp0amoKk MajuX pPO3MIpiB MO3WTHBHO BIUIMBA€E
Ha TMPOLEC OYMINCHHS CTayli BiJf HEMETaIIYHHX
BKJTFOYEHb.

ToMy MeTOr HalMX JOCHTIPKEHb € TEOPETHYHE
OOTpYHTYBaHHSI PO3MIpy Ta30BOTO ITy3Upsi B BHPOO-
HUYOMY TIpoLleci MpH MNPOAYBaHHI CTali 1HEpPT-
HUM Ta30M, a TaKOoX MiATBEp/DKEHHs JaHWX aHa-
JITAYHAX PO3paxyHKIiB PO3MOAUTY HEMETaJeBHX
BKJIFOYEHb TICHA TPOBEACHHS Cepii MPOMHCIOBHX
CKCIICPUMEHTIB.

IlocTranoBka 3aBpaHHs. MeTOX0 HALIUX JOCIHI-
JDKEHB OyI10:

1) amamiTHYHUN aHai3 KIHETHYHHUX IIPOIIECIiB
BHJIAJICHHSI HEMETAJICBUX BKJIIOUYCHb B TpoIrieci 0e3-
MIEPEPBHOTO PO3JIMBAHHS CTaIi;

2) mepeBipKa aHAJIITUYHUX pPE3YJAbTaTiB JOCHi-
JDKEHB Y TIPOMHCIIOBIX YMOBAX;

3) mpoBemeHHs MeTaorpadidHuX T0CTiKEHb.

Buxiaan ocHoBHOTo MaTtepiasy. 3aranbHa IIBU-
KiCTh BHJAJCHHS HEMETAJIYHUX BKIIOYCHb y IUIA-
KOBil (pa3i 3 kamenab MeTanxy B IIPOMIKHOMY KOBIIE
Moyke OyTH mpesicTaBieHa sk [2]:

V = (k Am + AHBkm—HB + km—m (AK + At: ))XFeO (1)

w—m

ne k,_,,k,_ yz KOHCTAaHTH IIBUAKOCTI pEaKIlii IaK-
MeTall 1 IIJIaK-HeMeTaleBe BKJIIOUYEHHs BiAMOBiAHO;
A, Ay, — Tuoma IuIakoBoi Ta HeMeTaneBoi (as,
BiANOBINHO; A, A] — mioma MeTaneBHX Karenen
1 3MEHIIECHHS TUIOII METaJeBHX Kareiel 3a paxy-
HOK acHUMUIALil HeMeTaniuHoi da3u; X, — Macosa
yactka FeO B nutaky. OgHak mpu BUKOPUCTaHHI PiB-
HsHHSA (1) BUHWKAIOTH JesiKi TPYTHOII 3 BH3HAYCH-
HSIM TUIOII METaJeBUX KparuinH. ToMy sl BU3Ha-
YEHHS IIBUJIKOCTI MacolepeHoCcy HeMeTalleBoi (as3u
B CHCTEMi MeTajl-IIIaK YacTO BH3HAYAIOTh Pi3HULIIO
M 00’ €MOM YTBOPEHHX KPAIlJIMH METaJIy Ta EMYyJlb-
roanux y maxy k, . Vo, =V, )-

Jist BU3HAYCHHS KUTBKOCTI Karlemb, 0 MpHiimMa-
I0Th Y4acTh B eMYJIbI'yBaHHI, 3aCTOCOBYETHCS 3aKOH
30epekeHHS Macu Uil MexXi noainy ¢asz meran —
miak [3]:

Vs (T):Voa 'T_jVau.(T)dT (2)

e V, (r) — 00’eM KpallIMH, 110 HAKOIHYYITbCS
y IUIakoBi i (a3i B MOMeHT vacy T,y M’ V. -1 —
3arajbHAN 00’ €M KpPaTUIH, [0 YTBOPHIINCS Y MOMEHT
yacy T,y M’ V. — 00’€M KpaluHu, IO 3ajIMIia-
€ThCS CTAJIUM Y IIPOIIeCci eMyNbryBaHHs, M7 ¢”; V),
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00’eM KparuigH, Mo MpUHMAaloTh Y4acTh B €MYJIbIY-
BaHHI y MOMEHT 4acy 1, M>-c’.

JudepenuitoBanas  piBHSHHA (2)  NPHU3BO-
IUTH JI0 PIBHSHHS, IO XapaKTepU3y€e IIBHIKICThH
TIePEMIIIICHHST METaJeBUX Kpamenb B ¢asy, IIo
EMYJIBI'YETBCSI.

dv, (1)

= - 3
de Vos. =V, (T) 3)

3 HACTYMHUMHM TPAaHUYHUMH YMOBaMHU:

1:t=0,V,=0

2t V,=V,;
ae T, — vac 0apOoTaxy, 3a SIKOTO YTBOPIOETHCS
CTilika eMylbcisi, ¢; V. — 00’€M KpaIuluH y CTiHKii
eMyJIbCii, 00°em M7,

3 BUKOPUCTAHHSAM 1-1 TpaHUYHOI YMOBH Ta iHTE-
rpyBaHHS PiBHAHHS (3) OTpUMaeMO 00’€M KpaIuIvH,
II0 IEPEXO/ISITh Y IUIAKOBY (ha3y:

Vi (r)zVoﬁgt(l—e_%). 4)

BI/IXO,Z[SI‘II/I 3 ObOI'0 I]_IBI/I,Z[KiCTL HAKOIMMYCHHA Kpa-
IIJIMH, 10 EMYJIbI'yBaJIuCId MOXKC 6YTI/I npeacTaBjCHa
K

dv 7

d_rﬂ = Vog'e_% nv, (1)=R, (1 B 6_4) - ®

[IpoBeneHi po3paxyHKH 3 BUKOPUCTAHHSIM JaHUX
pIBHSHD IOKAa3alM, L0 HPU IIBUAKOCTAX IOTOKY
10-12 n-mun! 3aranbHUi 00’€M KpaIUIMH METaTy
B NUIAKOBii (a3l 30UIBIIYETBCS 3 YaCOM IIPOIY-
BaHHA. 3a TaKMX yMOB MIBHUJKICTb €MYJIbIYBaHHS
Kparesib 30UIbIIYEThCS BIAMOBIHO /IO MIBHKOCTI 1X
YTBOPEHHSI, B PE3yJbTaTi BCTAHOBIIOETHCS CTaIlio-
HapHUH PEKUM 1 CTaE CTAIIOIO.

ITpu MBUIKOCTSAX MOTOKY TMOHAM 12 7-XB™! mIBHI-
KICTh YTBOPEHHSI Kpalleib BUINA, IPOTE PiBHOBAXKHI
YMOBH JIOCSATAIOTHCS JIOBIIE.

[pYHTYIOUMCh Ha EKCIIEPUMEHTAIBHUX JIAHUX,
MOJKHA TPHUITYCTHTH, 110 00 €M TEepeHEeCeHOi MeTa-
neBoi (ha3u My3upsIMH B IIUTAK 3aJICKUTH BiJ HACTYII-
HUX MTapaMeTpiB:

V,Z(I):f(r;z’Apﬁpm’nm’nM’g) (6)

e r, — AlaMeTp Imy3ups, m; Ap — PI3HHUIS MIX
IyCTHHAMH JBOX pigkux a3, kewm?; P, — rycTiHa
uutakoBoi dasu, kew?; My u M, — B A3KICTh HUTAKY
Ta Mertainy, BimnosigHo, Ila-c; g — mpuCKOpeHHS
CHUJIH TSKIHHSL, M.

Crij 3ayBasKUTH, IO SIK TUTBKU ITy3Up Ta3y IMpo-
Hne MibkdasHy TPaHUINO MOAUTY (a3 MeTar — MUIaK,

MOBEPXHEBUI HATAr TOYHE TpaTH 3HAYHY pOJb
y Mpolieci yTBOPESHHs KparutuH [4].

Sxmo o0’emHarn 3MiHHI Ta (QyHIAMEHTAIbHI
3HAUEHHS Y YOTHPH T'PYIH, IO HE MAIOTh OJMHUIIb
BHUMIpY, TO:

Zl :f(pm’nM’g’Vj(;); ZZ :f(pm’n,w’g’r;z);

Zy= [ (PusMr €M) Zy = f(PusMr &5 AP) -

3BificH OTPUMAEMO HACTYIIHI 3aJIeKHOCTI:

2 10 2 0
Z, =—p“‘g2V” ;Z,=Puln 7 2z P
M N M, Ap
1110 IPU3BEJIE 10 CHIBBIHOIIEHHS Z, = f (ZZ,Z3,Z 4)
an 7, =KZ{Z07Z; .
Otxe, 00’em Mertamy, 1o Oyde MNOTparIsTH
y TIwIakoBy a3y B Mporeci MpOAyBaHHS 1HEPTHUM
razom Oyjie BH3HAUATHUCS:

0,66 -0,34 1,66

2 2 3
N || P8 N, Pu
Vy =104 o || Fes . L8 (7
P.g )L M, ul Ap

un B ogquHUIIX CI'C
1 5

Vi ~0,1ln,p,nAp *7; (8)

[lpu BukopucTanHi piBHSHHA (4) OTpPUMAEMO
3araJbHUM 00’€M KpalUIMH MeTaly, IO YTBOPIO-
I0ThCSI y IIIAKOBiH (asi y MOMEHT vacy T

0 0
Voo = ZVH 9
ne O — BUTpaTH rasy OpU IPOAYBaHHI JI'XB”;
V. =1,3780"g" — 06’ em my3upst, MM:
1 ,EQ
Voo =0, 19m,p,n,’Ap *-= (10)

Po3paxyHku, 110 NPOBEACHI 3 BUKOPUCTAHHSIM
piBusnHs (10) HaBeneHo Ha puc. 1.

Vos,

en’e!

2

1
1 2 3 4 S, MM

Puc. 1. 3ane:kHicTh IBUIKOCTI yTBOPEHHS KPAIINH
MeTaJly y HLJIaKoBiii ¢a3i Bix po3mipy my3upst aprony
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Bueni sanucku THY imeni B.1. Bepnaacbkoro. Cepis: Texniuni Hayku

Hani puc. 1 cBimuare mpo Te, MO HaHOiIbIIa
KIJIBKICTh  Kpameslb  CIIOCTEPIracThCsl IMpH  JAiaMe-
Tpi OynpOamok 1 mMm. OpHak OynbOamKd MEHIINX
pO3MipiB MalOTh TEBHI HEHONIKH, SKi CIIJ BPaxo-
ByBaTH TIiJ dYac peaizarii MeTomy IpOIyBaHHSI
y NpOMHCIOBUX yMmoBax. [lepmuii — Benukuil yac
CIUTMBAaHHS MiXypa, a APYIHid — MOXIIUBICTb 3aX0-
TUICHHSI KOHBEKTUBHUMHU IMOTOKAaMH 3aTSATYBaHHS iX
y 30HY BUITYCKHOTO OTBOPY CKJISIHKH-/103aTOpa.

YucneHHUMHU JTOCITITHUKaMU BCTAHOBJICHO, IIIO
HaWKpari pe3ynbTata padiHyBaHHS CTaNi Bil HeMe-
TaJeBUX BKJIIOYEHb JOCATAIOTHCS TIPU JiaMeTpi
OynpOarok y aiamazoni 1-5 mm [6-8].

[pYHTYIOUKCH Ha BHILEC HABEIECHUX TEOPETHYHHX
3acajax, HaMu OYJIO ITPOBEACHO ITPOMUCIIOBI BHIIPO-
OyBanHs Ha nBopyyHoi MHJI3 mpu po3nmmBanHI
crayi mapku K-60.

Ha nBox piBdakax Oyino BCTaHOBJICHO MpPOIyBHI
eneMeHTH. Ha mepioMy cTpyMKy BCTaHOBIIOBaJacs
npoayBHa ¢ypma, 3 AiaMETpOM Ta30BUALIIOBAIIb-
HOro KaHamy 1,5-2 MM, sika B pe3yibTari Mmpojy-
BaHHS JT03BOJISUIa OTPUMYBATH OYIBOAIIKH PO3MIPOM
4,5-5 MM, puc. 2, a. Jpyruit ctpymok OyB oOman-
HaHWH TPOIYBHOIO OAJIKOIO, 3 JiaMeTPOM Ta30BHIi-
moBaabHUX KaHamiB 0,14-0,16 MM, 110 IO3BOJISIO
orpuMyBatu OynpOamku aiamerpom 3,0-3,25 wmwm,
puc. 2, 6. Burpara ra3y cranosuiaa 10—12 jx-mun.

Gl

BcranoBneno, mo B IOCHiAHOMY Ta MOPiBHSUIb-
HOMY MeTaJli 3yCTPIivaroThesl MePEeBasKHO TOHKI CYIlb-
¢inni BritoueHHs jgo 0,5 Oanm, TOYKOBI OKCHIHI
BxiroueHHs g0 0,5 Oanm Ta CHIIKaTHI BKJIIOYEHHS
K TIOOYISIpHOI, Tak i psakoBoi Gopmu 10 4 Oanm.
VY 3pa3kax 3 JIOCHITHUX CIS0IB KiNBKICTh OKCHIIB
Ta cynb(iaiB Iemo MeHIIa, HiX y MOPiBHIIBHOMY.
Ha Bcix 3pa3kax 3ycTpiualoTbcsi HEMETalleBi BKITIO-
YCHHS Y BUIVISII CKYITYEeHb (KOHIIIOMEPATiB) APIOHNX
BKJIFOUEHb OKPYIJIOl Ta HENPaBUJIBHOI I'€OMETPHUU-
HO1 popmu. MakcuMaabHI pO3MIpH BEITUKHX BKITIO-
YeHb JUIA METaly MEepIIOro CTPyMKa JOCSTaloTh
60—80 MKkM, a npyroro — 50—-60 MxMm.

SIx moxa3zanu KibKiCHI OLIIHKM Yy 3pa3Kax 31 Cis-
0iB, BIIUTMTUX 3 MPOJYBaHHSM aproHOM 4Yepe3 Mpo-
NyBHY OaiKy, KUIBKICTh BENIHKHX HEMETaJIEeBHX
BKJTIOUCHBb (po3Mip Oinmbine 50 MKM) 3MEHIIYETHCS
B cepeaubomy 40-80%, MOpiBHSHO 3 IpOLyBaH-
HSIM 4epe3 npoAyBHY (GypMy. 3MEHIIEHHS KUJIbKOCTI
BKJIFOYCHB po3MipoM 20—45 MKM ist clisiOy Jpyroro
CTpyMKa CTaHOBUTH 14—26%.

BucnoBku. B pesynbrari mpoBeneHHX Teope-
TUYHUX JOCIIIPKEHb Ta MPOMHUCIOBUX BUIPOOYBaHb
BCTaHOBJICHO, [0 HaWKpaIli pe3yabTaTd moao padi-
HyBaHHs METaJly BiJl HEMETaJIeBUX BKJIIOYEHb HOCH-
raroThCs MPH NPOYBLI MeTaly uepe3 0anky 3 aiaMe-
TpOM Ta3oBUaLTIOBANIbHUX KaHaTiB 0,14-0,16 M.
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Puc. 2. KoneTpykuisi npoayBaibHUX NPUCTPOIB: a — 0araTokaHaJbHa NPOTsakHA ¢pypMa; 6 — MpoayBHA fajika;
1 — npoayBabHUI eJIEMEHT; 2 — KaHaJ, 0 BULISIE ra3
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Yefimova V.G., Smirnov Yu.0. DETERMINATION OF OPTIMAL MODES FOR PURGE
OF METAL WITH INERT GAS DURING CONTINUOUS CASTING

The paper shows that continuous steel casting is a widely used process and an important stage in steel
production. In this case, the purity of the steel and strict control of the composition, along with the surface
quality of the continuous billet, are the primary tasks.

1t is found that the purity of the steel depends on the amount, morphology and size distribution of non-metallic
inclusions. The definition of “pure steel” varies depending on its purpose.

1t is shown that the tundish is the last metallurgical container in which the purity of the finished product can
be controlled by applying the product through blowdown lances with different diameters of gas distribution
channels.

1t is determined that the degree of refining of the metal melt when using inert gas blowing depends on the
bubble diameter and the diameter of the channel that releases the gas.

1t was determined that the purpose of the research is to theoretically substantiate the size of the gas bubble
in the production process when blowing steel with an inert gas, as well as to confirm the data of analytical
calculations of the distribution of non-metallic inclusions after conducting a series of industrial experiments.

The work analyzes the kinetics of the transition of a non-metallic inclusion particle across the metal-slag
boundary when blowing metal with an inert gas.

An equation is derived that describes the process of accumulation of non-metallic inclusion particles that
were emulsified by slag.

1t is shown that the calculation of the particle emulsification rate shows the best results at gas flow rates
of 10—12 [- min’. At the same time, the total volume of metal droplets in the slag phase increases with the
blowing time. Under such conditions, the droplet emulsification rate increases in accordance with the rate of
their formation, as a result, a stationary mode is established and becomes constant.

It was found that at flow rates above 12 | -min” the droplet formation rate is higher, but equilibrium
conditions are reached longer.

Numerous researchers have established that the best results of steel refining from non-metallic inclusions
are achieved with bubble diameters in the range of 1-5 mm.

Based on the above theoretical principles, we conducted industrial tests on a two-arm caster when casting
K-60 steel.

1o confirm the theoretical calculations, experimental studies were conducted in industrial conditions using
a long-length blowing lance with a gas discharge channel diameter of 1.5-2 mm, which as a result of blowing
allowed to obtain bubbles of 4.5—5 mm in size, and a blowing beam with a gas discharge channel diameter
of 0.14—0.16 mm, which allowed to obtain bubbles with a diameter of 3.0-3.25 mm, with a gas flow rate
of 10—12 I min.

As a result of the experiments, it was established that in the experimental and comparative metal there are
mainly thin sulfide inclusions up to 0.5 points, point oxide inclusions up to 0.5 points and silicate inclusions
of both globular and linear form up to 4 points. In samples from experimental slabs, the amount of oxides
and sulfides is somewhat less than in the comparative one. All samples contain non-metallic inclusions in
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the form of clusters (conglomerates) of small inclusions of rounded and irregular geometric shapes. The
maximum sizes of large inclusions for the metal of the first stream reach 60-80 microns, and for the second —
50-60 microns.

Quantitative assessments in samples from slabs cast with argon blowing through a blow beam showed
that the number of large non-metallic inclusions (size more than 50 microns) decreases by an average of
40-80%, compared with blowing through a blow lance. The reduction in the number of inclusions with a size
of 20—45 microns for the slab of the second stream is 14—26%.

Key words: non-metallic inclusions, tundish, blowing devices, continuous steel casting, metallographic
studies.
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