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JOCJIIAKEHHSA 3MIHU CKJIALY METAJY LHIBA
ITPU EJEKTPOAYI'OBOMY 3BAPIOBAHHI

1 META POBOTH

BuBdeHHs MeTanypriiHUX OCOOJUBOCTEH Mepexony MapraHIio B
HAIUTABJICHUH METal TNpU 3BapiOBaHHI elieKTpojamu 0e3 TMOKPHUTTA, i3
KpEHISTHIM TTOKPUTTSIM 1 €JeKTPOaMH 3 IOKPUTTSIM PYTHIOBOTO THITY.

2 AT AJIBHI BIJOMOCTI

Cxema mporiecy 3BaprOBaHHS HOKPUTTSAM €JIEKTPOJIOM ITOSICHIOETBCS
pucynkom 2.1.

\u"’
-
S~
G
‘1\
N o
[ e

1 - cTepkeHb; 2 - TOKPUTTS; 3 - Ta30ILIAKOBHIA 3aXKCT; 4 - METald 3BapIOBaIbHOL
BaHHU; 5 - BAJIMK HAIUIABJICHOTO METaITy; 6 - IITaKOBa KipKa.

Pucynok 2.1 - 3BaproBaHHS [IOKPUTUM €JIEKTPOAOM

v nporeci pY4HOTO €JIEKTPOAYTOBOTO 3BapIOBaHHSA
HU3BKOBYIJICIEBOI CTali BiOYBA€ThCS OKHCICHHS MeTaly Hpu HOro
B3a€MOMIi 3  HABKOJMINHIM  cepefoBuiieM. OKHCIIOBAaHHS  MOXeE
BiIOyBaTHUCS 3a TAaKOIO PEAKLIETO:

2[Fe] + O, — 2[FeO] (2.1)

3akuc 3amiza, PO3UMHEHMH B PIAKOMY MeTaji, OKHCIIOBaTUME



KOMIIOHEHTH CTali: KpeMHil, MapraHelb i ByTJelb:

[Si] + 2FeO —2Fe + SiO,, (2.2)
[Mn] + FeO — Fe + MnO, (2.3)
[C] + FeO — Fe + [CO]t (2.4)

3MeHIIeHHs] HasBHOCTI B CTalli KPEMHII0, MapraHIl0 i BYTJICIIO
3HW)KY€ MEXaHIYHi BIACTHBOCTI HAIUIABICHOI'O0 METaly Ta CBIAYUTH NPO
OKHCJICHHSI METaIly LIBa, I1e OLIBII MOTipPIIYIOYH I1i BIACTUBOCTI.

Jns onep)kaHHS HAIUIABICHOTO METaly, PIBHOMIITHOTO 3 OCHOBHHM,
3aCTOCOBYIOTBCS SIKICHI €JIEKTPOJH, BUTOTOBIEHI 3 Apory CB-08, CB-08A
(Tabn. 2.1) i cremianbHUX TMOKPUTh, KOMIOHEHTH SKUX BHUKOHYIOTh TaKi
GyHKIIT:

2.1 Tonizyroui kommnoneHtu (CaCOs;, K,CO, T1a iH.) MaloTh i0HH 3
MaJIMM MOTEHITIAIOM 10HI3amii i CTa0lTi3yr0Th JyTOBHIA PO3PSL.

2.2 llInakoyTBOPIOIOYI KOMIIOHEHTH YTBOPIOIOTH IiJ] Yac IIaBJICHHS
IUIak 1 THM CaMHAM  i30JIIOFOTh METal BiJl WIKJIMBOTO BIUIUBY
HaBKOMMIIHBOI aTtMocepu. KpiM Toro, BOHM BCTYymaroTh B OOMiHHI
peaxilii, peryiodn CKIa] MeTally y 3BaproBalibHIl BaHHI.

[1ak0y TBOPIOIOYMMH KOMIIOHEHTAMH €:

MMaJICBUI IIIIAT - K,0-Al,05-6Si0,
Kpeiina, MapMyp - CaCO4
IUTAaBUKOBHH IIIAT - CaF,

MiCOK - SiO,

TEMATUT - Fe,04
Maprasiesa pyaa - MnO;,
TUTaHOBHI KoHIIeHTpaT - FeO-TiO,

pyTHI - TiO,

Ta 1HIII.

IIpouec OOMIHHUX peakiiii MK LUIAKOM 1 METaJioM MOXeE OyTH
BUPDOKEHUH  y3araJbHCHOI)  KOHCTaHTOIO  pIBHOBard  /HANPHUKIA],
Maprasiro/, BpaxOBYIOYH, 110 KOHIIEHTpAllis B MeTalll Ta HUIali 3B'A3aHi
M1k COOOIO 3T1JIHO 3aKOHY PO3IO/ITY HACTYITHUM CITiBBIIHOIICHHSIM:

Kun = [Mn](FeO)/(MnO) = £(T) (2.5)



abo
[Mn] = Ky (MnO) / (FeO) (2.5)

3BiICHM BUIUIMBAE, IO BMICT MapraHIi0 y HAaIUIaBJICHOMY MeTali
3aNIe)KUTh B TEMIEpaTypH 1 KOHIEHTpallii y [UIalli OKWCIB 3ajliza Ta
Maprasio.

TakyuM YMHOM B METaN MOXKE MEPEXOAUTH 1 KPeMHiH.

2.3 T'a3oyTBOpIOIOYI KOMITOHEHTH - Kpeima, MapMmyp, KpOXMab,
JNEKCTPUH Ta 1H. OpPraHiyHi PEYOBHWHH, MPH CBOEMY pPO3KIagaHHI abo
OKHUCJICHHI y TIpOIleCi 3BapOBaHHS, BUIUISIOTH BEJIMKY KUIBKICTH Ta3iB
(romoBauM unHOM CO5) 1 BUTICHSIIOTH TIOBITPSI 13 30HU 3BapPIOBAHHS.

2.4 Jleryrodi Ta PO3KHUCIIIOIOYI KOMIIOHEHTH MPEICTABISIOTE COOOI0
¢depocriaBu @00 YUCTI MeTalld, sIKI IMiJ Yac IUIABJICHHSA IOKPUTTS
PO3UMHSAIOTHCS B MeTajl 1Ba ab0 BiIHOBIIOIOTH OKHCH, BIIrpalovd poJib
PO3KHCITIOBAYIB.

Hampuxman, kpemHiii i3 ¢epocuminito, pO3YHHAIOYNCH B
EJICKTPOTHOMY Matepialli PO3KHUCIIOE HOro:

[Si] + 2[FeO] « 2Fe + (Si0O,) (2.7)

KpemHiii i3 ¢epocuiinis, TOTpaIUIsIOYH y 1IIaK, BiTHOBIIIOE 3aJi30
i3 3aKKCy 3ai3a Ta MapraHelp i3 3aKHCY MapraHiio:

[Si] + 2[MnO] <> 2[Mn] + (SiO,) (2.8)

2.5 3B's3yBasibHI KOMIIOHEHTH - SIK HpPaBWIO, L€ piIKe CKIO
(Na,0O-Si0,), sike mpu 3BaprOBaHHI MEPEXOAUTh Yy IIIAK.

TakuM 4MHOM, IIPH 3BapIOBaHHI AKICHUMH €JIEKTPOJAMH METal IIBa
MiAA€THCSl PO3KHUCICHHIO Ta JIETYBAaHHIO 1 3BapHE 3'€lHaHHA HaOyBae
NOTPiOHMX MEXaHIYHUX BIACTHBOCTEH.



Tabmurss 2.1 - XimiuHud CKJIajg — 3BapiOBaJbHUX  JIPOTIB
(FOCT 2246-70) ta au3pkoByreneBoi crami (JJCTY 2651-2005), mac. %

N He Oinbire
HaiimenyBanHs C Mn ST Tcr INils TP Al
Cs-08 <0,1 10,35-0,60| 0,03 |0,15|0,30|0,04|0,04 0,01
CB-08A <0,1 0,35-0,60| 0,03 |0,12|0,25|0,03|0,03|0,01

0,14-0,22 | 0,40-0,65 | 0,12- |0,30|0,30{0,05|0,04 |0,06
Crans BCt 3 cnn
0,30
3 MATEPIAJIA, IHCTPYMEHT, IPUJIAMN,
OBJAJIHAHHSA

3.1 [InacTrHa 3 HU3BKOBYTIIENEBOI cTami (Tadu. 2.1).

3.2 CTIIoCcKoTI.

3.3 IlocT pyuHOTO AYTOBOTO 3BapPIOBAHHS.

3.4 Enextponn AHO-4 i 3 kpeiasHuM NOKpUTTsM (Tadm. 3.1).

3.5 «l'omi» enexrpoan (6e3 mokpurts) (Tadm. 2.1).

3.6 Cranesa miiTka

3.7 CxJaz eeKTPOITHUX MOKPUTTIB, Mac. %

Tabmuis 3.1 - CkiaJt eIeKTPOJHUX OKPUTTIB, Mac. %0
Enextp HalimenyBaHHs
oJIn CaCO;|TiO, |Cimron |CaF,|Ma [FeMn |FeSi |FeTi |uenron |Fe

a THE 03a nop
3UT omm
OK
AHO-4 |- 44 |24 - 15 (15 - 2 15-
20

YOHMH |53 - - 18 |- |2 3 15 - -
13/45




4 MOPAJOK MPOBEJEHHSA JABOPATOPHOI
POBOTH

4.1 3poOuTH nMpoOHE HAILIABIICHHS ITiJT KSPIBHUIITBOM BHKJIa1a4a.

4.2. 3pobuTtH HamIaBieHHS 3-X BAIMKIB 3aBHOBXKKH 10 40-50 MM Ha
IUTaCTUHY TPhOMa BUJIAMH eJIeKTpoiB. [Io3HaunTH TaBpOM KOXKHUI BaIUK,
o0 Hajaumi iX He cIuryTaTtd. [[oBepXHIO OYMCTHTH Bif IUTAKY.

4.3 JocmiauTd 3MiHU CKJIagy MeTaly METOJOM CIEKTPalIbHOTO
agamizy. Jns dYoro Bimpybath 3yOWioM KIiHII 3-X BHKOPHUCTAHHUX
enexTponiB (25-30 MM) 3 KpamissMd ¥ BH3HAYUTH HA CTHIIOCKOI BMICT
Maprasifio B TAKUX Marepiaiax:

a) OCHOBHOMY METaJli;

0) HarUTaBIi;

B) y Kparuli Ha KiHIll e1eKTPOy.

r) 6€3 MOKPUTTS;

1) 3 KpEHITHAM MTOKPHUTTSIM;

Pesynbratu ananizy mogatu 3a ¢popmoro taom. 4.1.

Tabmuiig 4.1 - Pe3ynbpratu CIEKTPaIBHOTO aHATI3Y
BMicT Maprasiito npu HarulaBjieHHi, Mac.

Ne | MocmimxyBaHuii 00'€KT

gacT. %
Hamnasnenuit [Kpars Ha TopIIi
MeTal €JIEKTPOLY
Enexrpon:
11 0e3 MOKPUTTS
- 3 mokpurtam AHO-4
- 3 KpeHIsIHUM IOKPUTTSIM
3 | EnexrtponmHuii crepxeHb
4 IInactuHa 3i cramni

5 3MICT 3BITY

Onwuc gocnmifiB Ta aHami3 pe3yibTaTiB, SKi XapaKTepU3YIOTh 3MiHH
CKJIaJy MeTally Kpaluli Ta IIBa Yy MOPIBHSHHI 3 €JIEKTPOJHUM JIPOTOM i
OCHOBHHM METAJIOM.



6 KOHTPOJIBHI 3AITUTAHHSA

6.1 MakcumaipHa poboTa SK Mipa XiMiYHOI CIOPIIHEHOCTI
€JIEMEHTIB.

6.2 3aK0oH IIFOYMX MAacC I TOMOT€HHHUX CHUCTEM.

6.3 TepMoarHAMiuHI YMOBH PiBHOBATH.

6.4 3aKoH HiF0YMX Mac )i TETEPOrCeHHUX CHCTEM.

6.5 «JloBri» Ta «KOPOTKI» IUIAKH.

6.6 YTBOpEHHS OKHKCIB IIPH 3BaPIOBaHHI.

6.7 B's3KicTh pigKuX Tij. 3aleXKHICT B'SI3KOCTI BiJ] TEMIIEPATYPH.

6.8 [pyxHicTh AMcomianii OKHCIB SIK Mipa XiMi4HOI CHOpPiTHEHOCTI
€JIEMEHTIB 0 KUCHIO.

6.9 3akoH po3MOoIiTy PEeYOBHH y HE 3MIITyBaHUX PO3YMHAX.

6.10 PosramryBaTd eneMEHTH PO3KHCIIOBAa4Ya B PsiJl 3a CTYICHEM
XiMI4HOI criopiHeHoCTI 10 kucHo (ipu T=2000° C).

6.11 3miHm cTynmeHrO XiMI9HOI CHIOpPIIHEHOCTI €JEeMEHTIB ¥y
3aNIeKHOCTI B/l TEMIepaTypH.

6.12 TlpyxHicTh naucomiamii KOMIIOHEHTIB, SIKi 3HAXOISTHCA Y
pO3UHHI.

6.13 OkucieHHs el1eMEeHTIB, 10 3HAXOAATHCS y PO3UHMHI Y BUMAIKY,
KOJIM 1X OKHCH HE PO3YMHHI Hi B METaJIi, Hi y IIJIaIli.

6.14 OxucieHHs eleMEeHTIB, sIKi 3HAXOJAThCS Y PO3YMHI Y BHUIMAJKY,
KOJIM iX OKHMCH PO3YHMHHI y IIUIAIll ajie He PO3YMHHI B METali.

6.15 Ckuan enexkrpoais AHO-4.

6.16 Cknan enekrpoauoro apoty Ce-08A.

6.17 Kimacudixariist enexTpo/iB 3araJbHOr0 Mpru3HAYSHHS.

6.18 MeranypriifHi mpomecH TpU 3BAPIOBaHHI EIEKTPOJaMHU
PYAHOKHUCIIOTO THITY.

6.19 3axwucHa Ta Jeryrpoua Jisl eIeKTPOJHUX TOKPUTTIB.

6.20 Kumacudikamisi KOMIOHEHTIB, SKi  3aCTOCOBYIOTH  IJIs
€JICKTPOIHUX ITOKPHTTIB.
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7 BKA3IBKH 3 TEXHIKH BE3IIEKHA

7.1 Jlo nabGopaTopHUX pOOIT [IOMyCKAaIOTHCS CTYIACHTH MiCIs
IHCTPYKTaXKy 3 OXOPOHH TIpalli Ta MOKEKHOI OE3MeKH.

7.2 3a0OpOHSAETHCS BMHKATH E€ICKTPHUYHI MPUIAAW Ta OOJaTHAHHS
0e3 m03BOITy 3aBigytodoro JabopaTopiero ado BUKIIagada.

7.3 Y Bumamky BUSBICHHS HEMOJAAOK OOJaTHaHHS CTYJCHT
NMOBHHEH  HETailHO  TMOBIZOMHTH  BHKJIagaya abo  3aBixyrouoro
nmabopaTopiero.

7.4 Y BUmagKy BWHHKHEHHS MOXEXi a00 TOpa3KH eIeKTPHYHUM
CTPYMOM CTYJACHTH IOBUHHI IisITM Yy BIJNOBIIHOCTI 3 3aTBEPIKCHUMH
IHCTPYKITISIMH 3 OXOPOHI TIpalli Ta MOXKEXHOI Oe3MeKH.
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