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Ha coBpeMeHHOM 3Tamne pa3BUTHS HAayKd W
TEXHUKH MOJICIMPOBAHNE Pa3JIMYHBIX MpPOLEC-
coB nedopmupoBaHus B 00pabOTKEe METaioB
JaBJICHHEM HMMEeT BechbMa OOJIbIIOe 3HAYCHHE,
1 9TOMY CIIOCOOCTBYIOT HECKOIBKO (hJaKTOPOB.

Bo-1epBbIX, MOJEIUPOBAHHUE [O3BOJISET
MCCIIS/IOBATEIIIO 3arJISIHYTh <BHYTPB» IpoLiecca,
OLICHUTh BO3HMKAIOLIME HAMPSDKEHUS U Aedop-
MaluH, Opejckasarh nosiieHue aepexkros. Bo-
BTOPBIX, OHO MO3BOJISET BBISIBUTH ONTHMAaJbHbBIC
rnapaMerpbl HHCTPYMEHTa M 3aroTOBKH s
HAaWJIy4IIero mpoTekaHus mporecca. M, B-
TPEThUX, COBPEMEHHbIC IPOrpaMMHBIE KOM-
IUIEKCBl MOJIEIMPOBAHUS TPEAOCTABISAIOT MIU-
pouaiiiiie BO3MOXKHOCTH Ui paboThl, MOpPOii
OrpaHUYMBAIOLIMeECs JIUIIb (aHTa3uel IMoJIb30-
Barest. OHM TO3BOJISIIOT CMOZCIIMPOBATH MPaK-
THYECKH JI000i Tpolecc, MUHYsSI JOPOrOCTOs-
IIMe SKCIepUMeHThl. Hanpumep, nmpu co3nanuu
mITamIa Juis Kakoi-HuOy b (POPMOBOYHOM orte-
paLrd MOKHO CMOJICIHPOBATH JaHHbBINA MITAMII
U BapbUPOBAHHEM Pa3lIMYHBIX T€OMETPUYECKUX
Y TEXHOJIOTMYECKHX MapaMeTpoB MogodpaTh ux
3HAUCHUs C TOYKHM 3PEHUsS] ONTHMAJIBLHOIO 3a-
MOJIHeHUs MOJNOCTH IuiTamma. Ilocie 3TOro
MOXXHO CO3/aBaTh caM INTaMmI. Takoil crnocod
CO3/1aHMsl HOBBIX JeTalieil B HACTOsIIee Bpems
aKTMBHO HCIOJIL3YeTCsl B aBTO-, aBHa-, Mallli-
HOCTPOUTEIBHOW W Jaxe B OOOPOHHOW Ipo-
MblIUIeHHOCTH. [loaToMy MonenupoBaHue pas-
JMYHBIX MpoLeccoB aedhopMUpOBaHUs B 0oOpa-
0OTKE METAJJIOB JaBJICHUEM SIBIISICTCS aKTyallb-
HOM 3a7ayei.

B Hacrosiee Bpemsi, KOrja KOMIIbIOTepHast
UHAYCTPUS Npeajaraer MIHUPOKUil BEIOOp MHCT-
PYMEHTOB MOJEIHPOBaHUs, T000H KBamudu-
[IUPOBAHHBI MH)KEHEP MIIM TEXHOJIOT IOJDKEH
yYMeTh HE TOJBKO MOJACIUPOBATH CIOXHBIEC PO-
LECChl, HO ¥ UMUTHPOBATh UX C MMOMOIIBIO CO-
BPEMEHHBIX TEXHOJIOTHIl, KOTOPbIE PeaIn3yloT-
csl B BUJIE IpadMUECKUX Cpel U BU3yalbHBIX

B 1994 rony Ha MeXIyHapoaHOI KoH(pe-
peniuu  «MoJenupoBaHuEe MPOLIECCOB 00pa-
00TKa METaJJIOB JABJICHHEM B MPOMBILUICHHO-
CTH» COCTOSUICS IIEPBOE MEXAYHApPOIHOE Tec-
THUPOBAHHE PACUETHBIX Tporpamm [1].

B crarbe 3a 2002 rox [2] yrBepxmaercs,
YTO TPEXMEPHOEe INPOrpaMMHOE OOEeCIeueHue
MOJICTUPOBAHHS TOBOJILHO ILIMPOKO PacIpo-
CTPAaHEHO B MPOMBIIUICHHOCTH U MOKa3aHa BbI-
cokas 3 (eKTUBHOCTD UX HCIOIb30BAHUSI.

Bce cucrempl CAE s MopenupoBaHus
MPOLIECCOB  0OpabOTKH METAJUIOB JaBICHHEM
MOXKHO pa3JeiuTh Ha XOPOLIO OPUEHTHPOBAH-
Hele (ANSYS) ¥ y3KOCHENHaTM3HPOBAHHBIE
(Deform, QFORM) [3].

ANSYS / LS- DYNA no3Boasier MoAeiu-
pOBaTh MPAaKTHYECKU BCE MPOLECChl 00pabOTKH
METa/UIOB JaBJIICHHEM, OT HPOCTOH OCAAKU MO
nedopMalii MHOTOCIOHHOTO MaTtepuana WM
LITaMIOBKH B3pbIBOM [4].

OCHOBHas1 TPYIHOCTb ITPU MOJEITUPOBAHUH
B nporpamme ANSYS / LSDYNA sBistercst Ha-
nu4yre OONBUIOr0 Pa3sHOOOpa3Hs MEHIO U mapa-
METPOB, KOTOpBIE TPEOYIOT BBOJA, 4TO TpeOyeT
BBICOKOH NPO(ECCHOHATIBEHOM IMOATOTOBKU H
NOHUMaHHMs TpoLecca U He0OOXOAUMOCTh BBICO-
KOIIPOHU3BOIUTEIBHBIX CUCTEM ISl UX PELICHHS.

Iporpamma QFORM mpencrasisier coboit
yIOOHBII MHCTPYMEHT JUISi MOJEIUPOBAHMS He-
CTalMOHAPHBIX IMTPOLIECCOB MACCHBHOTO MeTalia
B TOpsideM, XOJIOJAHOM M TEIIOM COCTOSHUH [5].
MerTaut MOXXeT ObITh B KOMIAKTHOM U OPHCTOM
cocrosiHun (Metautnueckue nmopoukn). QFORM
MO3BOJISIET MOJEIMPOBATh KOBKY (OTKpbITast U
3aKpBITast), CBOOOAHYH KOBKY, IIPECCOBAHHE,
ruoky, u T.1. Kpome Toro, nporpaMma UMHTHDY-
€T OIepalHy POMENYTOUHBIX MPOLECCOB, KOTO-
pbIe SIBISIFOTCSL €CTECTBEHHON 4acThiO POU3BOJI-
CTBEHHOM IIEMIOYKH, TaKHEe KAaK OXJIKACHHE 3a-
TOTOBKM Ha BO3/yXe, MPOOKMBKA OTBEPCTUS U 00-
peska 00JI0s, HAKIOH 3arOTOBKH M €€ MO3HIUO-
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ITAaKE€TOB MOACIUPOBAHUS .

DEFORM — cnenuanusupoBaHHbI Hpo-
TpaMMHBIN TaKeT, MpeAHa3HAYCHHBIH JUIsI MO-
JIETMPOBAHMS IIPOIECCOB MPOLIECCOB 00PaOOTKH
METaJUIOB JaBIICHHEM, TEPMHUYECKOW 00paboT-
K, pa3pabOTaHHON aMEPUKAHCKOH KOMIIaHMeH
SFTC [6].

DEFORM no3Boisier MoaenupoBarth Ipak-
THYECKHU BCE MPOLIECCHI, UCIOIb3yeMbIe B 00pa-
GOTKEe METa/UIOB aBiicHHEM (KOBKA, LITAMIIOB-
Ka, MPOKaTKa, MPECCOBaHHE M [Ip.), & TaKKe
orepaliu TEPMUIECKOH 00paboTKU (3aKajka u
CTapeHue, OTIYCK M T.1.) M Mexo0paboTku
(dbpesepoBanmue, cBepiIcHHUE H T.1.).

Ipenmymecrea DEFORM moxer Bxitto-
4ath B ce0s crenyoriee:

— YHUBEpCaIbHOCTb, MPOrpamMMa IMO3BOJIs-
€T MOJENUPOBATh MIUPOKUIl CIEKTP MPOLECCOB,
UCIIOJIb3YEMBIX B TPOU3BOACTBE;

— CoBMeCTHMOCTb C OOJIBIIMHCTBOM IIPO-
IPaMMHBIX IIAKETOB JUIS CO3IaHMsS, T€OMETpHU-
YeCKHe MOJSIM W TEHepalud KOHEYHO-
3JIEMEHTHOU CETKH;

— IIpexpacHast BO3SMOXKHOCTB JUIS CAaMOCTOSI-
TEJbHOM I'eHepalui KOHEYHO-2JIEMEHTHON CEeTKH;

— B03MOXHOCTH HMCHOJIB30BaHUS Pa3Iny-
HBIX MOJIeJIeH IaCTHYHOCTH;

— Bonbmast 6a3a gaHHBIX O XapaKTEPHCTH-
KaxX MaTepHaloB M Ky3HEYHO-IIPECCOBOro 060-
PYIOBaHUS, a TaKXKe LIMPOKHE BO3MOXKHOCTH
JUISL UX PEaKTHPOBAHHS U 100ABIICHUS;

— Bo03MOXHOCTE MOmeNMpOBaHUS pa3iIny-
HBIX YCIIOBHH TPEHHSI MEXAY 3arOTOBKOM M WH-
CTPYMEHTOM;

— Illupoxmii auama3oH MOIEIUPOBAHUS
Pa3IMYHBIX BUIOB HHCTPYMEHTA;

— IIpocToii 1 mOHATHBIN HHTEP)ETC.

[porpammusiii kommieke DEFORM nmeer
THOKYIO MOJYJIBHYIO CTPYKTYPY, YTO MO3BOJISET
HOJIb30BATEII0 BBIOpATh M KYNHTh Jy4LIMil Ha-
Oop Mozyieil 0 HOMEHKIATYpe 3a/1au.

MopenupoBanue mpoueccoB OMJL 6a3zupy-
ercs Ha TOM (akre, YTO MeTajl Te4YeT B Ha-
NpaBJICHUH HAMMEHBIIETO CONPOTHBIEHHS [7].
Cuna neopMHUpPOBAaHMS ONpPENENSeTCs B 3aBU-
CHUMOCTH OT pa3Mepa 3aroToBkH, ee (opmsl,
TPeHHs U CBOWCTB MaTepuana. Kpome Toro, mpu
MOMOLIM MOJICJIMPOBAHHUS MOXHO OIpPEICTUTh
TaKMe BaXKHbIE TapaMeTphbl 3arOTOBKH, KaK Ha-
KOIUICHHas Je(opMalus, HampsDKeHHe, TeMIle-

38

| HHUPOBAHUEC MO JIGHCTBUEM CHJIBI TSDKECTH.

pa3pyLIeHHs] 3arOTOBKH, U3HOC HHCTPYMEHTA.

Ocenbro 2006 roga Ha kadenpe OM/] Ka-
paraHMHCKOro TOCYAApCTBEHHOTO HHIYCTPHU-
anpHoro yausepcutera (KI'MY) 6bu1 npuobpe-
TeH nporpammublii kommiekc DEFORM
2D/3D. 3a aBa roma cOTpyAHHKAMU Kadempbl
Obuta mpojenana Oonbmias paboTa HE TOJIBKO
110 M3YYCHUIO YK€ M3BECTHBIX IIPOIECCOB, Ta-
KMX KakK KOBKa, IITaMIIOBKa, NIPOKATKa, IPecco-
Barue. C MOMOIIBIO JaHHOW NPOrpaMMbl aK-
THUBHO BEJETCSl pa3paboTKa M HCCIIENOBaHUE
HOBBIX, HHHOBALMOHHBIX TEXHOJOTMYECKUX
MPOLIECCOB, OCHOBHOM MPUHIUII KOTOPBIX — 3TO
MOJIyYCHHE BBICOKOKAUECTBEHHOTO MeTajia ¢
HE3HAUMTENbHBIMH M3MEHEHMSIMH  HCXOJHBIX
pa3MepoB 3aroTOBKM IPH MHHMMAJbHBIX dHEp-
rosarparax.

IIpu pabore B 3TOH mporpamme MyTeM
BapbUPOBAHHS PA3IMYHBIMU T€OMETPHICCKUMU
U TEXHOJIOTHMYECKHMH IMapaMeTpamH Iporecca
MOXXHO HAaXOJMThb ONTHMAJbHbIE YCIOBHS Je-
(bopMHUpOBaHUS AJISI CHU)KEHUSI YCHIIHS, OJIHO-
POJIHOTO paclpeeNieHUs: HaKOIIIEHHOH aedop-
MaluH, TeMieparypbl. Takke ¢ MOMOIIBIO JaH-
HOTO MpPOrpaMMHOI0 KOMILJIEKCa BO3MOXKHO
MPOrHO3UPOBAHHE BO3HHKHOBEHHUS PA3JIHYHBIX
neeKToB Ha 3aroTtoBke. lcmomb3oBanue pa-
LHUOHAJIBHBIX ~[AapaMeTpoB JeOopMUpOBaHUS
MO3BOJIUT U30EKATh MOABICHHUS ITUX Je(EKTOB.

Takum 00pa3oM, ObUIH OIpE/eICHbl ONTH-
MajbHble MapaMerpbl 1epOpPMHPOBAHHSA HPH
NPECCOBAHUU 3ar0TOBOK B MaTpHIAX pa3iny-
HBIX KOHCTPYKLH, TAKUX KaK PABHOKAHAJIbHBIC
YIJIOBBIE M CTYNEHYAThIE, MATPHIA C POTMKAMH
(puc. 1) [8].

[Tomumo 3TOro OBUIM OMpPEAENICHBI PaLHO-
HaJIbHBIE MApaMeTpbl Ui peanu3alid HOBOTO
crnocoba TOy4eHUs] BBICOKOKAUECTBEHHBIX 3a-
TFOTOBOK — COBMELIEHHOTO MpOIecca «IpoKart-
Ka-rpeccoBanue» (puc. 2) [9].

[lepBoHauanbHO, HpH  pa3paboTKe 9STOro
MpoLecca COTPYAHUKU Kadeapbl CTOIKHYIIUCH C
npobieMoii — B 1ab0paTOPHOM 3IKCIIEPHMEHTE,
3aroTOBKA 3acTpeBajla B HCXOJSIIEM KaHalle
MaTpulle, HECMOTPSI Ha TO, YTO BCE I'€OMETpPH-
YECKHE M TEXHOJIOIMYECKHE IMapaMerpsl Mpo-
necca OBUIM TINATENBHO pacCyMTaHbl. B mpo-
1jecce MOJICIUPOBAHUS C TEMH )K€ Mapamerpa-
MH, [POHU30ILUIO 3aKIMHUBAHUE 3aroTOBKH (pH-




parypa, HampaBieHHe BOHOKOHPam@atxﬁ.ocWemhmyypalB).TGXHonoauu HOBbIX Mamepuasnos»

IIpeccoBanue 3arOTOBOK B MaTpHLAX Pa3IMYHBIX KOHCTPYKIIUI

a 0 B
a) yrioBasi MaTpuIa; 0) CTyleH4aTasi MaTpULA; B) MATPHUIIA C POJIMKAMH.

Pucynoxk 1.

CoBMeIIeHHBI MPOLECC «IIPOKATKa-IPECCOBAHUE»

1-miepBas mapa BajaKoB; 2 —3aroTOBKa;
3 —paBHOKaHaJIbHAs CTYIEHYaTas MaTpuLa; 4 —BTOpas Hapa BalKoOB.
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Pucynok 2.

3aKJIMHUBAHUE 3arOTOBKH

Pucynok 3.

[MpuynHoit 3TOMY OBLT TOT (haKT, YTO B pac-
4yeTax MCIONb3YIOTCS IOCTOSHHOE 3HAa4YeHHe
compoTtuBieHust nedopmaryn, Kotopas (axkTu-
YECKH COOTBETCTBYET H30TCPMHYECKOMY IIPO-
neccy. Ilpu MomenupoBanun ObUT BBIOpaH He
H30TEPMUYECKOM TUI BBIYMCICHHS, TAK 4TO 3a-
roTOBKa B mporecce aedopmanun octeiBana. C
9TUM (DaKTOPOM U PEryIUPOBKOH BCEX OCTalb-
HBIX IIapaMeTPOB MOJNy4YeHHas MOJeNb Oblia
yenenrHoit (puc. 4).

[Tyrem BapbUpOBaHUsI Pa3IMYHBIMH [€OMET-

PUYECKHMA U TEXHOJOTHYECKHUMHE MapaMeTpamMu
3TOro crocoba aedopMupoBaHusi ObUTH Haize-
HBl MX ONTHMAJIBHBIC 3HAYCHUSI HE TOJNBKO JUIS
caMOll BO3MOXKHOCTH OCYIIECTBICHHS COBMeE-
LICHHOTO MpoLecca «IPOKATKA-IPECCOBAHHUE
(puc. 4), Ho u s GOpMHUPOBaHUs GIATONIPHUSIT-
HOTO pAacIpeieieHlst HanpsuKeHHoaehop-Mu-
POBaHHOTO COCTOSIHHS IIO BCEMY O0BEMy 3aro-
TOBKH C LEJBI0 MOJIYYCHHS B KOHCYHOM HTOTE
MeTajuta ¢ CyOyabpTPaMesIKuM 3epHOM (PHCYHOK
5) [10].

VceneurHas MoJieib COBMEIICHHOTO ponecca «poKaTKa-mpeCcCoOBaHUE»
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Pa3zden 1. 8Memarrypausi. TexHO/I02uU HOBLIX MaImepuasios
Hccnenosanue pacnpenenenus HAC

Step 56 Stress - Effective (MPa)

MeTaJUIOBeeHus. J{Jisi 3TOro mpemyCcMOTPEHSbI
moayian MukpocTpykrypa u TepmooOpaboTKa,

Oonblie BHUMaHMA. lcciemoBaHue IIPOLIECCOB
OM/], mocpencTBoM KOMIIBIOTEPHOTO MOZIENHU-
POBaHHMS TO3BONAET CTYAEHTAM JIydllle MOHATh

pa3paboTKe TEXHOJOTMYECKUX HPOLECCOB H, B
CBSI3U C OITUM, yJEISIOT JaHHOMY BOIIPOCY BCE

6enHoctn u npobiemsl. ITosTomy Ha Kadenpe
OM/l KaparanauHCKOTO TOCYJapCTBEHHOTO
HMHIYCTPUAJIBHOTO YHHUBEPCHTETA MOJEIMPOBa-

S N | s'm"'mm('m:/m; crenu(uKy KakIOTO TEXHOIOTHYECKOro mpo- | Hue mporeccos OMJ] 6bII0 BBIIENEHO B OT-
ecca oOpabOTKH METaIIOB, H3YYHTh €r0 0CO- | AEbHYIO AUCIUILIMHY.
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Pucynox 5.
Jlnst IpoBepKH MOJENUpPOBaHUs ObLIO pe- | pa3MepamMu, a TaKXkKe 3aroTOBKH HOBOU (OpPMBI.
LICHO MOBTOPHUTH J1a0OpaTOPHBIN JKCIepHMeH- | B pesyibrare JKCIEpUMEHT ObUT YCIICIIHBIM,
ta. Jlns 3Toro ObLIO chaenaHa MaTpuiia HOBOH | Bce 00pasiibl ObLIM YCHEHIHO Ae(hOPMUPOBAHBI

KOHCTPYKIIMU C HOBBIMH T'€OMETPHUYECKUMHU (pucyHok 6).

JlaGopaTopHBIi 3KCIIEpUMEHT

UDC 669.168.087

USING SHUBARKOL COAL ASA SUBSTITUTE COKE TO REDUCE THE
ALUMINUM CONTENT IN THE COMPOSITION OF HIGH-GRADE FERROSILICON

a) 0)

a —o0umii Buj 1a60paTopHOro 06opyaoBaHus; 6 —3aroToBka B rpoiecce AehOpMUPOBAHUSL.

K. KUANYSHEV, M. TOLYMBEKOV, 2S. KIM, *A. ZHAKYIEV, M. DZHUNDIBAEV
(*c. Temirtau, Karaganda State Industrial Univerdity Karaganda, Chemical and
PucyHok 6. Metallurgical Institute after name Zh.Abishev)
BblBOAbI Byferrosiliconrefers a large group alloys pfFS70, FS75 and FS90). This division is condi-
the system FeSi.Ferrosilicon produced in eledionally, but it has a certain convenience in ana-
tric furnaces may contain 19-95% Si. lyzing the theoretical foundations and technolo-
Gradesof electric furnace ferrosiliconac-gy of smelting ferrosilicon.
cording to GOST 1415-93 (Table 1) can be gi- Ferrosilicon is used for deoxidizing of all
vided into three groups: low-silicon (FS20,tranquil varieties of steel and for several doping

HauuHass ¢ msTodl BepcuM Iporpamma | KOTOpble ObUIM HEJaBHO MPHOOPETEHbI Ha Ka-
DEFORM mnpuobpena wmoaynsHyto cucremy, | ¢peape OMJ] B KI'MY. Ha manubiii mMomeHT
YTO Terephb IO3BOJSIET HCIONB30BaTh €€ HE | MHOTHE TEXHHYECKHE BY3bl y)KE OCO3HAIH Bax-
TOJBKO TpH u3ydeHun mpobieM OMJI, HO M | HOCTb MojenupoBaHus npoueccoB OMJI mpu

41 42



FS25), with an average grade of silicon (FS4%f marks structural and transformer steel. Low-

FS50 and F65), and high-silic&tazaliey 1(Fa fii

gleedrozigilisoansabimepualioarary

deoxi dationofsteelinfurnaces, high- siliceoug with moisture in the air may crumble into
for deoxidizing and doping of steel in the fur-powder, the tendency of these alloys to dis-
nace and ladle, for deoxidationofslag duringpersalamplified with increasing phosphorus
electro smelting steel and in the production|ofontent. Some effect on disintegration metal

low carbon ferroalloys.

has higher content of aluminum and calcium

Alloys containing 50-70% Si in contagt [1].

Table 1.

Grades of electric furnace ferrosilicon

Massfraction, %
Grade S| Nomore

C S P Al Mn Cr
FS90 87 — 95 0,1 0,02 0,03 35 0|3 0,2
FS75 74 — 80 0,1 0,02 0,04 30 0l4 0,3
FS70 68 — 74 0,1 0,02 004 20 0l4 0,4

FS7A/1 68 — 74 0,1 0,02/ 0,04 1,0 0,3 0)3

FS65 63 — 68 0,1 0,02 005 25 0/4 0,4
FS50 47 - 52 0,1 0,02 005 1,8 0|6 0,5
FS45 41 — 47 0,2 0,02 005 20 1|0 0,5
FS25 23-29 0,8 0,02 006 1,0 1|0 0,8
FS20 19-23 1,0 002 020 1p 1|0 0,8

It is known that aluminum is contained
ferrosilicon, sharply worsens quality of tran
former steel. Adverse influence of aluminum
usually explained by the fact that annealing

nand Sweden limit the content of aluminumin
s-high-silicon alloys of 0,5%.

is A method is proposed refining molten
ofordeleting Al the production of high-grade Fe-

transformer sheet aluminum in a solid form s0Si(45 - 90% Si), characterized in that as a

lute reacts with oxygen to form finely dispers|
dof alumina. The formation of finely dispers
dof alumina, some researchers attribute

esource for use C£ applies limestone or any
e-other material containing GOWhen smelting
thieeSimany cases produced much Al, removal of

secondary oxidation of aluminum by atmgswhich is achieved before, or by improving the
pheric oxygen [2]. Recently, the authors of [3[quality of starting materials, which increases the

found that a significant amount of aluminu
which is a negative effect on the quality
transformer sheet is much stronger than tha
finely dispersed of alumina.ln connection wi
this deserve great attention recommendati
Pavileke F. and D. Seeger on technology
transformer production: low content of alum
num t from the start melting, the inadmissibili
of the use of aluminum as a a deoxidizer,
use of ferrosilicon with a low contentof alum
num, the lack of nitrogen in the atmosphere d
ing the heat treatment.

It is no accident in the smelting of tran
former steel abroad at some plants use spe

n,process or by different refining methods and
pfreagents (Cl, C® etc.).When limestone addi-
ofve to the melt also is added quartz sand for
thbetter fluidity of the slag. The best size of piec-
ores of limestone about 50 - 60 mm.
in Staffof CMI after name Zh.Abishevawere
i-conducted on a larger scale tests on smelting
yhigh-grade ferrosilicon with low contentof alu-
heinum in the ore-smelting furnace 200 kVA.
i-  As starting material for the smelting of ferro-
ussilicon used: quartzite, coke and steel cuttings.

By reductant must meet the following re-
s-quirements: low electrical conductivity, high
cralactivity, sufficient strength, low content of

ferrosilicon with content an aluminum of up

oslag-forming substances in the ash, high humid-
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0,45% [4] or crystalline silicon with low conten- ity,

low cost. One of the promising areas of

tof aluminum. Standards of Germany, the USAalternative types of carbonaceous reducing

agents for ferroalloy production is the use

obmelting high- siliceous grades of ferrosilicon in

stone coals. Coals have a wide range of materithle charge is added wood chips, which plays the

composition, physico-chemical and mechani

calole of her disintegrant, eliminates sintering and

properties of the porous structure, different hepromotes uniform gassing. However, domestic
havior at high heat. Coal, which can be used anterprises due to the limited forest areas and

a reductant without prior heat treatment sho
have low contents of impurities favorable mi
eral chemical composition,

ulthe high cost of wood chips practically do not
n-use it. The mechanism of burning little meta-

sufficient heatmorphosed, long-flame coal, due to the high

strength low graphitizability, high electrical re-content of volatile substances like burning wood

sistance and reactivity.

The decisive factor in the choice of the type

chips.
Introduction to the charge of coal also con-

of coal was low contentof ash and aluminynributes to improving the quality of metal parts in

An additional perspective use of coal, it is lopoeontentof aluminum. This comes from the fact
sened layer of the high volatility. As is welithat substantially increased extract of losses of
known high temperature processproductiongilicon. When smelting FeSi completely absent

ferrosilicon leads to sintering of the charge

ihigh temperature gas emissions "fistula", as well

the upper horizons top of the furnace dug s the heating of the individual sites.According

melting slag formingimpuritieswith silicon. Th
fact substantially reduces technical and econ
ic parameters, to difficulties in processing f

sto the chemical analysis of the reducing agents
orfFable - 2) using coal significantly reduces the
uramount contributed to the charge of aluminum

nace top to form an intensive gas release "of|fiexide. Figure 1 shows relation curve diagram the

tulas" in the hot zones of the near-electr
space and is accompanied by a significant
of silicon in the gas phase.

In practice of ferroalloys production, th

pdamount contributed to the charge of aluminum
oes the share of coal in the weighed. For presenta-

tion the figure also shows the mean-shift conten-
e tof aluminum in the metal.

Table 2.

Technical analysis andchemical composition of #teraductants

Name Technicalcomposition, % Chemicalcompositionofash, %

material | A° | V¢ | W | Cq | SiO, | AlzOs | Faen| CaO| MgO| BOs| S
Coke | 12,12 1,92 046 858 50,01 2183 712 765 Q@29 1,1
Coal 4,1 38,8 10,6 53,5 56,y 20,87 6,08 3}54 2,0627 01,13

As can be seen from Figure 1, the appr
imating lines are practically identical angles

bxginning to the end of the campaign. It should be
ofhoted that at the beginning of the campaign the

inclination, that is, the concentration of alumi-share of coke in the charge was 100% at the end
num in the finished metal is inversely propar<{last 3 smelting) - 0%.
tional to the share of coal in the reduction of the At the same time, the content of aluminum

charge mixture.This is explained by the i

n-4n the metal throughout the campaign does not

proved gas permeability of the charge on the fugo beyond GOST (Table 1).

nace throat and an increase extract Si in alloy.
The downward trend in the concentration
aluminum in the metal as the substitution

The highest extraction of silicon — 92,26%,
ofichieved when working at 100% of coal, with-
obut the use of coke in the smelting of high-

coke coal can also be seen in Figure 1, whichrade ferrosilicon. Work of furnace top agiven

shows a float contentof aluminum in the p
duced ferrosilicon.
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operiod characterized by the absence of fistulas,
since sintering furnace top despite the use of




As can be seen from Figure 2, the contertoal with high volatile content contributed blast
of aluminum gradually decre#a=d&orh. & 4D Jeamiovgolaye Hos B manem astsand,

consequently, reduce the loss of silicon in flyandgxpansion of the crucible caused by the higher
respectively reduction of alumina.lt was notesl thtemperature of the process by reducing heat loss.

Figure 2.
CONCLUSION

The results of this work showed that:

1. Reduction of the aluminum content of 30%;

2. Gas permeability of furnace top improved, amoumt fraquency fistula decreased loss of
less heat capacity of the furnace up to 20 - 25%;

3. Less loss of silicon and its high extraction in thetal;

4. On the basis of the test results were issued re@mdations on the use of coal in the

Quantityinsertion of aluminum oxide depending oa the share of coal (1) and
mean-shift contentof aluminum in the metal (2)

0,017
: 1 RYSSM.A. FERROALLOYS PRODUCTION. M..METALLURGY, 1985. - 344.
0,016 2 Khitrik C.H.,.VlasenkoB.E, GasikM.l., EMA II., Nefedov YA..Refining 75% - ing Fer-
Alunina o5 rosilicon from aluminum. Ferrous metallurgy, 1962 4. — 4%.
ittt ' Mean-shift 3 F. Pawlek, D. Seeger. Archiv fur das Eisenhuttemme$960Ne 8. — 485 — 490
tithe 0018 aliiaiiiii 4 H. Maier, G. Schiutter. Stahl und Eisen, 1985&6. — 1076.
mixture, content m
kg/ke 0,013 the metal,%
of VJIK 681.518.3:662.758.2
quartzite 0,012 -
ABTOMATHU3UPOBAHHAS CUCTEMA YIIPABJIEHUSI IPOUECCOM CXHUI'AHUA
0,011 HE®TENPOAYKTOB B METAJUIYPTUUYECKHUX AT'PETATAX
A
e Lo 'B.H. KYTS, "M.M. KJIETIAY. *1.B. JAHYEHKOB, *f0.1. INAIIKUH
10 20 30 40 50 0 70 80 90 100 (1V1<pa1/ma, r. PoBHo, HanmoHanbHbIi yHUBEPCUTET BOJHOTO XO35HCTBAa M MPHPOIOIIONB30BaHHU,
The proportion of coal in the reduction of charge,% by Cgm Kazaxcran, . Temupray, KaparanauHcknii Tocy1apcTBEHHBIH MHIYCTPUANBHEIN YHHBEPCHTET)
Figure 1. B coBpeMEeHHBIX yCIOBHSAX NMEPMAHEHTHOTO | IPH MepeKayke Mo TpyOOompoBoIaM.
MIOBBIIIICHUS] CTOMMOCTH OJHEPrOHOCUTENEH aK- Ha ceroansmauii 1eHp pa3pabotaH psij
TyalbHOM 3ajaueld sBIAETCS ONTHMH3ALMS | TEXHOJOIMH CKUTaHUS Ma3yTa B CMECH C BOJIOU
By ladle the aluminum content in the metal MPOLIECCOB CXKMI'aHMSI MasyTa W MasyTocoAep- | — B BHJE BOAOMa3yTHOH aMynbcun (BMD), uro
JKAIIUX TOIUIMB JUISl JIOCTHIKEHHS SKOHOMHYHO- | NMPUBOJAMT K DKOHOMHHM TOIUIMBA, YMEHBILIECHHIO
15 CTH, HAJEKHOCTH M DSKOJOTMYHOCTH pPabOTHl | ca)keoOpa30BaHUS U CHIDKCHHIO KOHIIEHTPAIUU
METaJUIypPrUyecKuX arperatoB (MapTEHOBCKHX | BPEIHBIX BBIOPOCOB B JIBIMOBBIX ra3ax TeILIoar-
34 "x U JIOMEHHBIX Teyeit). DpdekTuBHOCTH mporeccoB | peraros [1].
CKHUTaHHs TAaKMX TOIUIMB B 3HAYMTENBHON CTeme- VYCTaHOBIIEHO, YTO C)KUI'aHHE Ma3yTa B BHU-
25 4 HU 3aBUCUT OT MX (PU3MKO-XMMHMYECKHX IOKa3a- | ae BMD sBusercs 3(pQeKTHBHBIM TONBKO IpU
The TeJel U MPOLIECCOB TOIUTHBONOArOTOBKH [1]. OIIPEAENICHHBIX 3HAYEHMSAX BIIArOCOAEPKAHUS U
aluminn 2 x OfHUMHU M3 OCHOBHBIX XapaKTepPHUCTHK, OM- | pa3Mepax  aucmepcHoid  ¢as3pl.  TexHHKO-
n —%x_ x x X% - PEAEISIOIMX Ka4eCTBO MasyTa, SBISIETCS BS3- | DKOHOMHMYECKHE M OKOJOTMYECKHE XapaKTepH-
content 15 4 x“'-——-__________ x KOCTb M IUIOTHOCTh. OT 3HAYEHHUsI ITUX BEJIMYMH | CTHKH Hpolecca cxuranus BMD ompenensior-
in the x X o —x_x_?(_____ XX Xx x 3aBHCHT AMCHEPCHOCTh DACIBUICHHS TOIUIMBA | C MHOTHMMH (HaKTOpaMH: KOHCTpYyKIMeH op-
metal % X xyX XU xx g (dopcyHKaMH, a, CIefOBaTeNbHO, U HMHTEHCHB- CYHOK 1 TOPENIOMHBIX YCTPOHCTB, adpojiHaMu-
xX xX — HOCTh TOIUMBHOrO (akena [2]. Ilpu 3ToM cie- | KO TOMOYHOW Kamepbl, PEKHMOM CHKHI'aHUS
05 x X JyeT y4YWTHIBaTh, YTO AJIS K)KAOro TWUma (op- | TOIUIMBA, HO OJHUMH M3 HanOosee BaXKHBIX Ia-
] CYHOK CYIIECTBYET CBO€ ONTHMAJIbHOE 3Haue- | paMeTpoB SIBISIOTCS cBolicTBa BMDO — ee mmc-
x HHME KMHEMaTHYEeCKOH BSI3KOCTH, KOTOpoe o0ec- | MEepCHOCTb, BIAXKHOCTh, TEMIEpaTypa U KHHE-
0 A ’ reynBaeT Hamboiee 3PQPEeKTHBHOE PACIBUICHUE | MaTH4YecKas BSI3KOCTb.
K 10 15 u B 0 & e CTPYH Ma3yTa M HOJIHOTY €r0 CTOpaHUs B KaMe- Bsskocte BMD Moxer XapakTepu3oBaTh
Shaft number

shiff mumber
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smelting of FeSi75.
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pe. Kunematnyeckasi BA3KOCTb Ma3yTOB TaKXe

HE TOJIBKO MaKpOCKOIIMYECKUE IMapaMeTpPhbl I10-

BIMSET HA WX TUApaBIuvecKoe dBapderticnddemannypaus JexHanoauuipesRomMamentianoe»

OCHHOCTH MOJICKYJISIPHOM CTPYKTYpPbI IMYIIbCHIA
Ha OCHOBE HedrernpoaykToB. Jisi pelieHus 3a-
a4l aBTOMAaTHUYECKOro KOHTPONs — (hH3MKO-
MEXaHUYECKHX MapaMeTPOB YMYIbCUH B MOTOKE
MOXXET OBITh HCIOJIb30BaH APOCCENBHBIN MOC-
TOBOI mpeoOpazoBarens (IMII) kak wu3Mepu-
TENbHBIA MpeoOpa3oBaTelib  KHHEMaTHYECKOM
BsA3KOCTH [2]. TIOCKONBKY BSI3KOCTH IMYJIBCUH
Oyler 3HaYMTENBHO 3aBUCETh OT TEMIIEPATYypBbI,
TO B 30HE COKMI'aHHS HEOOXOMMMO O00ecHedHTb
€e ONTHMAIbHOE 3HaYCHHME.

IMostomy it 3(PEeKTHBHOrO CXUraHUs
BBICOKOBSI3KOI'O TOIUIMBA, B TOM YKCIIC BOJHO-
Ma3yTHBIX OMYJbCUH, HEOOXOIUMO INPHUMEHSTDH
ABTOMATH3HPOBAHHbBIE CUCTEMbI YIPABJICHUS Ha

OCHOBE TEXHUUYECKHX CpPEICTB HENPEPhIBHOIO
KOHTPOJIS MX NapaMeTPoOB. DTO HO3BOJSET BbI-
OpaTb ONTHMAaNbHBIE PEKHMMBI CXKHTaHUS, MO-
BBICUTb TEXHHUKO-DKOHOMHYECKHE I10KA3aTeIH
JHEPreTHYECKUX YCTAHOBOK U 3HAYHTEIBHO
YMEHBUINTH BBHIOPOCHI BPEIHBIX BELIECTB B ar-
Mmochepy.

B sroit paboTe mpemyiokeHa COBpPEMEHHas
aBTOMATH3UPOBAHHAs CHCTEMa KOHTPOJIS Iapa-
METPOB M YIPABJICHHUS HPOLECCOM CHKUTAHUS
BOJIOMAa3yTHBIX IMYJIBCHI, cXeMa KOTOpOH H30-
Opaxena Ha puc. 1. OCHOBHBIM BJIEMEHTOM
CHCTEMBI SIBISIETCS IPOrPaMMHUPYEMBbIii JTOornye-
ckuii koutpoyutep (IJIK) ¢ momymsaimu BBO-
na/BeIBOia yHU(UIMPOBAHHBIX CHIHAJIOB.

CTpyKTypHasi cCXeMa aBTOMAaTH3HPOBAHHON CHCTEMBbI KOHTDPOJIS ITAPAMETPOB U
YIpaBIEHHUsI MPOLieccoM Cxxuranusi BMO

18— MK

TennoHocuTenb

Mogaynu

BBOAA/BbIBOAA

1, 2 —perynupylonye Kiamnassl; 3 —MOAOrpeBaTeib Ma3yTa; 4 —Biaromep; 5 —kaBHTATOD;
6 —3JIeKTPONPHBOL; 7 —aHAJIU3aTOP JUCIIEPCHOCTH MYJIbCUH; 8 —duiibTp; 9 —ImecTepeHyaThIi Hacoc;
10 —acuHXpoHHbIH aBUraTenb; 11 —yacTOTHBINH npeobpazoBareinb; 12 —3IeKTpUYECKUil HarpeBaTels;
13 —mudmanomerp; 14 —apoccenpHbIl MOCTOBOI peoOpa3oBaTens; 15 —maructpans nogaun BMD;
16, 20 —matuuku TeMuepatypbl; 17 —pacxonomep; 18 —mporpaMMupyeMslil JOrHYECKHI KOHTPOILIEp;
19 —rpaduueckas naHens onepatopa; 21 —popcyHka

Pucynok 1.

Cucrema co3nana Ha 6aze JIMII 14, koto-
PBIf COCTOMT W3 IBYX JIAMHHAPHBIX (JUTMHHBIX
KaluJUISIPOB) M ABYX TYPOYJIEHTHBIX (auadparm)
Zpoccerieif, COSMHEHHBIX B MOCTOBYIO THIPAB-
JINYECKY0 U3MEPHUTENBHYIO cxeMy. 13 TOmmBo-

ompesiesieHns] KHHEMaTHYeCKol Bs3KOCTH. B u3-
MEpPUTEJIBHYIO THaroHallb MOCTOBOTO Mpeodpaso-
Baressi BKiItoueH qudpmanomerp 13. B paBHoBec-
HOM PEXHME, T.€. IIPU HYJICBOM 3HAYCHHH IIepe-
naja [aBlICHUS B HM3MEPHTENIbHOH JHaroHal,
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npoBozia 15 mepen ¢opcynkamu 21 ocymiecTs-
nsiercst oT60p amynbeun Hacocom 9B JIMIT mns

Q=k, v,

rae K, — KOHCTPYKTHBHBIN KOMIUIEKC Mpeobpa-
30BaTeNsl KHMHEMAaTHYECKOW BS3KOCTH,
3aBUCAIINI OT T€OMETPHYECKHX Hapa-
metpoB JIMII.

IIpu OTKIOHEHMHM KHMHEMATH4ECKOH BS3KO-
CTH OT 3Ha4y€HMs, KOTOPOE COOTBETCTBYET paB-
HOBECHIO MOCTOBOM CXEMbl, BO3HHUKAET CHMIHAJ
pazbananca B BHJE Nepenana AaBJICHHS OIpe-
JIEJICHHOTO 3HaKa, (UKCHpyercs IudmaHOMET-
pom 13. ludpmanomerp noxaer curHan Ha I1JIK
18, KOTOpBI yBENMWYMBAET WM YMEHBIIACT
pacxon MyTeM H3MEHEHHs! CKOPOCTH BpallCHUs
neurarens 10 Hacoca 9 ¢ MOMOMIBIO YaCTOTHOTO
npeobpaszoBarenss 11 juig  ypaBHOBEHIMBaHUS
JIMII. B MoMeHT paBHOBecHsi MOCTa (PUKCHPY-
FOTCSI TIOKA3aHMs pacxojomepa 17, 10 KOTOPBIM
ABTOMATHYECKH PACCUMTHIBACTCS KHHEMaTHue-
CKasi BSI3KOCTb SMYJIbCHH.

Jlnst mozorpeBa Maszyra M TepMOCTaOuIn3a-
UM 3MYJIBCHH, MOAABaEMOIl Ha C)KUTaHUE, HC-
none3yercs TemioooMeHHuk 3. Temmeparypa
aMynbcHH Ha BXxoe (opcyHku 21 usmepsiercs
naryukom 20. B ciydae oTkioHeHHs TeMmepa-
TypsI ¥ Bsi3KocTH BMD OT 3a1aHHBIX 3HaYCHUH,
ITJIK momaer curdai Ha M3MEHEHHUE IMMOJ0KEHUS
peryaupyromero kiuanaHa 1 u u3Mensier nogady
TEIUIOHOCHUTENS B TEINIOOOMEHHUK 3 IS OJI0-

pacxod KUAKOCTH Yepe3 npeo6pa30133TenL IpsMo
TMIPONOPLHUOHAJIEH €€ KMHEMaTU4YEeCKON BA3KOCTHU.

rpea Mmasyta. IlocTosHHOE 3HaueHHE COOTHO-
meHuss KOMIOHeHToB BMD  obecneunBaercs
KOHTYPOM PpEryJIMpOBaHHs IOJa4yu BOJbI, B CO-
CTaB KOTOPOTO BXOJHUT NATUYMK BIXKHOCTH Ma-
3yra 4 u perynupyomuii kianan 2. ns cosna-
HHSl OJHOPOJHOI TOIUIMBHON CMECH MCIIOJNb3Y-
€TCsl IUCIEPraTop S ¢ peryinupyeMbIM 3IEKTPO-
NPUBOZOM 6, CKOPOCTb BpallleHHs] KOTOPOro 3a-
BUCUT OT 3HA4YEHHMs] JUCNIEPCHOCTH BMYIIbCHUH.
H3zmepenue AuCIEPCHOCTH 3MYNIBCUM OCYIIECT-
BJISIETCSl aHAIU3ATOPOM 7.

Jlnst obecrieueHus TeMIepaTypHOH crabu-
mzanun 'y JIMII ycraHoBIE€HO HarpeBaTellb-
HBbIH 2meMenT 12, ynpapieHue paboToii KoTOpo-
ro ocymectsisiercsa ¢ I1JIK. M3mepenne Temme-
paTypbl OCyIIECTBIsETCs AaT4nkom 16.

Jns oToOpakeHMs H3MEpSAEMBIX BEIHYUH
TUIK mnoakiroyeH k mnaHenu omeparopa 19.
Kpome Toro, Gmaromapst cTaHZapTHBIM HHTEp-
deticam cBs3u, BcrpoeHHsiM B I1JIK, mpemna-
raemasi CUCT€Ma MOXKET ObITb MHTEIPUPOBAaHA B
CHCTEMY aBTOMATHU3aLMHU BBICIIETO yPOBHS.

Pa3paGoranHasi aBTOMaTH3UPOBaHHAsl CHC-
TeMa KOHTpPOJsA KayecTBa W YNpaBIEHUS MPO-
meccoM cxkuragust BMD mo3BonmuT co3paBath
BOJIHO-Ma3yTHbIE SMYILCUM C 3aJaHHOH KOH-
LEHTpaluell 1 AUCHEPCHOCTBIO BOIHON (a3l U
MOBBICUTh TEXHUKO-DKOHOMHYECKUE IOKa3aTe-
JIM METaJIyprUyecKHX arperaTos.
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OBTAINING OF REFINED FERROCHROME QUALITY WITH THE USE
OF SILICON-ALUMINUM REDUCTANTS

!S.0. BAYSANOV,?A.ZH. SHAYRZHANOV, 'A.S. BAYSANOV,
'A.H. NURUMGALIEV, 'E.ZH. SHABANOV,?M.K. DZHUNDIBAYEV
(*c. Temirtau, Karaganda State Industrial Univerdity Karaganda, Chemical and
Metallurgical Institute after name Zh.Abishev)

Is known to refined grades of ferrochronhe
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0,02-%08, 0, 2% Al. According to carbon



there are special requirements, the main

nesntent refined ferrochromium is subdivided in-

are — content Cr 65%, 0,8-2% RaBd&m0 058 emaniypatsrKexroiroauteHoes ixonammepi710&»

0,5% and medium-carbon 1,0-4,0% [1].

Currently, the existing production Ferrog
loys plant of Aktobe basic amount low-, m
dium-carbon ferrochrome smelted of silicothg
mic method using as a reductant marks ferro
cochrome FCHS48 with more than 45% of s
con and not less than 28% of chromium [2]. T!
method assumes melting of rich chrome ore W
a certain amount of lime and estimated linka
FCHS48 sufficient for the restore the reacti
proceeded of chromium ore of elemental silig
in the refining electric furnace. In the impleme
tation of this method the multiplicity of slag
enhanced — 2,5-4,0, and obtained highly ba
end of slags (CaO/SiO2 = 1,9-2,3) due to
creased additives of lime after cooling are prg
to dispersal. This phenomenon of the volu
changes occurring, is a consequence in the @
tallization the slag, and in particular the peaul
slag containing higher amounts of dicalcium s
cate. The dispersal of slag creates certain d
culties in transportation and storage, leads to
vironmental pollution and deterioration of sanit
ry conditions. On this basis, in this article g
provides an analytical overview of the new wdg
smelting of refined ferrochrome using the ag
reductant ferrosilicoaluminium (FSA) and al
mosilikochroma (ASCH).

In CHMI after name Zh.Abisheva was d
veloped technology of obtaining refined grad
of ferrochrome, which, along with the im
provement of technical and economic paran
ters to stabilize the final slag. This technology
based on using as a reductant a complex of
loy FSA containing 50-60% silicon, 15-254
aluminum, the rest-iron. The presence of alu
num in the composition of alloy, the interacti
reaction of which with the oxides of chromiu
and iron possesses a higher exothermic ef
than silicon, can reduce deficit of heat the
melting and hence power consumption. Apq
cation FSA promotes stabilization itself di
perse of slags due to the fact that its comp
tion approaching the primary crystallization
gehlenite (2Ca0O * AD; ¢ SI0). In the issue
the cooling-down of slag therein reduces or
sentially completely excludes initial crystalliz
tion of dicalcium silicate. Another advantage
this technology is that received a final of sla

* 2Si0y), are technologic due to their relatively
I-low temperature of melting and viscosity val-
e-ues.
2r-  Using the FSA as the reductant instead fer-
silrosilicochrome sufficient conditioned to its total
licontent of silicon and aluminunx (70%). Also,
hithe presence in the FSA chemical compounds
itand solid solutions of iron, silicon and alumi-
gaum, significantly reduces the loss of aluminum
prand silicon on oxidation processes with oxygen
oin the air [2]. Obtained positive the results show
nthe need for further labor service and mastering
sthis technology semi-industrial and industrial
asgrale.

n- Is necessary to note that the applicatio
neECA is limited to only by the use of high-
mguality grades its relatively low content of iron
rnys-the alloy € 15%), the preparation of which is
aaccompanied by an increase in the unit costs of
lielectricity, which affects an increase in its cost.
ffi- Therefore, in further improvement technol-
engy of smelting refined grades of ferrochrome
ahas developed a new technology of obtaining
reomplex alloy ASCH of high-ash coals and the
ysupplements of chromium raw materials.

a This alloy, unlike SEA narrowly is oriented
L-to obtain refined grades of ferrochrome, and al-

so allows the use of for the smelting of the
e-charge refined of ferrochrome chromium ore
esvith a relatively low content of the main ele-
-ment. Enlargement-laboratory tests smelting
NAASCH showed on processability its smelting
iand satisfactory technical- economic parame-
dkrs. Low content of iron, at relatively sufficient
bquantity chromium will allow to obtain refined
migrade ferrochrome with normalized quantity of
pnchromium.

m  Application of the ASCH allows process of
fesimelting at lower basicity 1,5, thereby expense
if reducing the amount of lime and respectively
limultiplicity of the final slags. Similar to FSA
5-the use of ASCH promotes stabilization of slag.
psi- Thus, the developed technology is using
pfnew kinds of complex alloys FCA and ASCH as

a reductant, shows economic needs on the exist-
esng standard technology. Thus there is a de-
a-crease in flow rate of raw materials and electric-
ofity, the stabilization of final slags improves the
gsenvironmental conditions and thus significantly
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consisting of phases of gehlenite, monticelitdecreases the comparative cost of refined fer-
(CaO « MgO - SiQ) and merwinite (3CaO * MgQ rochromium.
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