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Development to Minimize Iron Loss at Qita Works

5 H F* BB fir - ¥ 1 B F=XEB
Yasuaki KUSADA Iopei KURAI Kohtaro SATO
wE B F X K B N X E F
Akihiro MATSUZAWA  Kohsuke KUME Hideki HONDO

% %

APEGFRESATIB TIE, 1 RO TR Si - B PREEE 17> /2%, PREHEZEN LT C kg% 1T
D ZHEEEERIF A (MURC - Multi-Refining Converter) Os@RIL K £ Es, —Mkild L U EiRkEEEICHS
LA70tXE L TDRRELSH/ER, 2EAGFHUBICL2E—RTIHZEE L TEEZ 10007t
AEIEHIL L 2O MURC 7O XDRZ2458I3, FHROB LB AL (AR TFMHUENTETH ),
BECiEERY NUBAINLT B ETRNBEDHORETIMNIBICHS, ThIZLV), BB EEHR
HU, HBERICIABNDIIS Y IER%FEEE LE—F, S8HEERECSVWTE, AFMELTK
EOBLHEDOEBANDLETHY), BIEHOSEETEVWOIBFBEIBEAELL 2 MATHERPXI—V X
ZLDEFBAELIHE S AP MERE ([Si], [P] [S]) DLEEANDOMREBRE 4 5 FEREWERIC
B, X557 - EXARIBA TR EELRERE LT, BHEIBICHTE IS 7HEEHEIKE, Bk
DFERAFENEICLZHOREBICEIBA L,

Abstract

At Oita Works, adoption of a Multi-Refining Converter method (MURC) that performs de-Si/
de-P blowing and de-C blowing in one vessel with intermediate slag exclusion, have been expanding.
As a result, annual capacity of 10 million ton of one steelmaking plant was achieved with whole
amount hot metal pre-treatment process to produce general grade and high-grade steel production.
The main feature of this MURC process is that heat loss is minimized by performing hot metal
pretreatment without transferring hot metal to container and also by reuse BOF slag in hot
conditions. This creates a thermal margin and enables the use of a large amount of scrap when
increasing production. On the other hand, high-molten iron blending operations require the input
of a large amount of iron oxide as a coolant, resulting in a poor iron yield became apparent. In
addition, expansion of slag and dust recycling to cope with the rise in impurity concentration ([Si],
[P], [S]) in hot metal accompanying the deterioration of raw material quality such as iron ore and
coke and further reduce by-products. In addition, expansion of slag and dust recycling to cope with
the rise in impurity concentration ([Si], [P], [S]) in hot metal accompanying the deterioration of
raw material quality such as iron ore and coke, and to reduce by-product further more. In this
report, efforts to reduce slag emissions in the refining process and iron loss reduction by improving
the utilization method of iron oxide, are described.
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Permanent reaction

2(Fe0) + Si = (Si0,) + 2t Fe(l)

Transitory reaction

2(Fe,0) + Si = (Si0,) + 2t Fe(l)
(MnO) + Fe(l) = (FeO) + Mn

Fire point

tFe(l) + 1/20, = (FeO)
2(FeO) + Si = (Si0,) + 2t Fe(l)
(MnO) + Fe(l) = (FeO) + Mn
(Fe O + C=tFe(l) + CO(g))

21
Reaction mechanism of De-Si by TPC injection method

TPCA > 17 a iEDORIEA DXL

Tu—2 ) HT.Fe i, TreOM Si vz FEE L TR
JCT5H 2 ETES I E D,
2(FeO) + Si(mass% in Fe) = 2Fe(l) + (SiO,) (5)
TPCHESIIZA > Yz v a vz HWTWTED,
2V TR L )12, REAF NN Si Al (KRS, B bih)
DES R F LERCH Si RIS HEIT T 5720 (TP b
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0.6
(]
~ 0.4 - )
E
h
=
g
0.2
@ Blow2 slag
0CaO
0.0 T T .
0 1 2 3 4 5

T.O (gass+dust+Blow?2 slag) (kg/t)

X 22 T.O0 (RfABEE+ 42 b, TO— 2 ZhENEES) &
In([Si]/[Si],) DEER®

Relation between T.0 (gaseous oxygen+ Effective oxygen

content from dust and Blow2 slag) and In([Si]/[Si],)

U —BUS), BESi MmN —F, EHRINCTERALER
AT BEGE, Ny TAT IR TFe LA L, BEbsko
BICHEAIZ W T EDHRR SN T 519, IRIFTASET
fifLE (MURC) 12B1F 5 AT 7 T.Fe &, KIEHEE, =
MeFART v VTR P S ZAEITSE 5720 15~20%
HEIEfEEE Z 5N TEHYY, MURC 70— 1 |ZHEEL T
AT TR TFe BMEM R TPCA > V=27 v ayiEllL D
TPC L Si 2T, FANBLO 70— 2 a2 @iz 41
VT B LT, BSOS F SR CRINTE b,

33 TPCHSIiAH7O—2FUH 1 7LICL3840X
KB

TPC [ Si @ CaO IR & L TIIFERIIAEAIK Z I L T
WA, S AT I MEERLNRL, Tu— 2R
VWA 7 VEHTTREE Lize 70— 2 EERICHi- % AR,
WEN— N 2P Sl BIOBAOBJRIREZ AL 3
WVNTH T RRICT A2 LT, TPCA Y Y22 aryHo
70— 2 FER RO BREDSTTREE 7 5 72,

22 |ftialk R L L CREBREB LU A, Tu—
2 EEHERIEFE ST 10% (FeO, Fe,0, %) & bk L 7 HE#ATR
FIEHAL T.O &L Si BUSA = ARE In([Si]/[Si]) ([Si], : ALFE
i [Si], [Si],: ALHf% [Si]) OBfRZIRS . 70y PO
AW Si BRI R A R T, SRR, ¥ A Mz, Tu—
2EEETEAIKEREIAATZSEE O In(Si]/[Si]) D7 H >
FOMEEIZIIIZT L CTBY, 70o— 2 EHERLEAETT
SN, W HE Si lZ%H G- L2 Z &A% 0059

34 TPCHLSI L 2R

23 1R E 91z, HHESi 0.58% 75 TPC i Si = 3%
i3 AT & T, BiSilE0.15% % ML, #RiAZA Si % 043
% F TR L 720 F72, BiSi & A bofli &% 2010 4E
FEFEAED 03kg/t 2> 5 2014 FFEFERED 7.7kg/t T, +74
kgt ERK U720 SOXFRICED, FICHEH 92% L\ TPC
AT aryTORSI Y A MERIZ X 580 2R
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25 T 1
1 . .
_‘:‘m B HM [Si] B Input[Si]
20 "
Input [Si] HMISi]
g 0.58
S 15 H
[
[
& 10
N A
5 4
‘a H |
o [ I,
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
HM [Si] (%)

23 Wk Si L UERIFE A Si DR
Relation between hot metal (HM) [Si] and input [Si] to BOF

B EEZ L, RIME TFe % 0.6kg/t Bl L 720

4, EHZIFICH T IBELEHETHIRE LICL B850
ZARR A L 72BN ) # A&

41 BIFICHI3HOXEBRDEZLS

EEHE AR TOEREDOY G, MURC IRAKDFE DO
EOTHLBUANIEFIIA RN LIZED, B TOR
M A DB 5o SEIM & LTI LERE % 2
7ot mial i@ ) TPC L Si THET A2 LT, B
BICRIERIZ L B 8k0 2R R E2TE 5705, BfbghT
HBHYTAMOMIEES Y 7, HIZIE, BES EC LT 20 i
JER MR T H8I5870 5, TPC I Si CORRALEMEAIZIER
Rhd b, FORER, EIFICTREOGHITERILE:TH S
PRELA DA NG,

PRI ORBICKISICHZ AT A &, H24 12T X912,
BOEP IR TS L A EREA DR ITTRULE, oI kE
LU CRIGHESTH W EPRH SN TV, Hrb
B2 BT D 88O OB RR OISO F 17 Fik
LT, b - SIS XD B S T IR R &
Eh, WigEsShcEznn,

BRELAT DB ITCIUEIL, Fe,0,(s)— Fe,0,(s)— (FeO)— Fe(l)
DNEIZHET . ERL FeO O#TTHUGE, T RUIR T UL
HEATL 2, BICKISHEE L, FTROBEENLMAE DY
LifEgRE N L),

(i)  (FeO)+ C(mass% in Fe) = Fe(l) + CO(g) (6)
(i)  (FeO)+CO(g) = Fe(l) + CO,(g) (7)

CO,(g) + C(mass% in Fe) = 2CO(g) (8)
(iii)  (FeO) =Fe(l) + O (mass% in Fe) 9)

C(mass% in Fe) + O (mass% in Fe) = CO(g) (10)
FRELA 0P L, EEEN P RhERM LA HE L CASRL
BRI R, FITMURC 70— 1IZTHRA SIS,
70— 1 TOMIRERNIIA 3 75 &5, KREOSIA =&
AL, T8kl a % RItT 22 & TET, 7u—
1 AZ 7 TFe S A2 (X10) ZOAT 7L, B C
W THH 70— 21 IRTT 5N, 70— 1 A7 7 %H
T 2HHEHEEEZIT O 720, BILHART 5 &R o754,
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" 100.0
D o
o g
% é) 10.0
= D 4
g M A
g <2 1.0 ‘ 3
g5 {
Mmoo 0l A
X
0.01 [
‘g FeO (s) @] O
£ [FeO O O O O
(o]
g [CO (® O o
f=1
g€ G O
=
= |C (1) O O
) 2) 3) 4) 5)
Reduction of iron Direct reduction of Gaseous reduction of  Direct reduction of Direct reduction of
oxide(s) by CO gas molten iron oxide(l) molten iron oxide(l) molten iron oxide(l) iron oxide(s) by
by carbon(s) by injection of CO gas by hot metal hot metal

X 24 RBITRICHEEZ & DEREE5D RIS E D Lh#s 12
Comparison of reduction speed of iron oxide

PO DD L72A->C, BRI L A ERETT
RIH L2050, BALROBICRIFE L D 5 2 LS, Bih
FE 2 FIRICE T 5 S ESERL GO MURC ICB\WTHEEL
S T Do

WEROWZED S, $READORITCEFEZ M LS 5121,
OF %, QL AHBYMSER /ML T
LW, T2 M24 5005512, @BMARELEE & EHt
HIKZOBEFRITCOHER TH Y, BRILgko LRI Bw»
T, A7 7 TOBESEEREIESE L7720, HLHRED
WEBLUVESOWRIUNELRZ EAVREEIN S, Plb%
B F Z2, A C O LR ITTRZEOM EIZOWTRET L 72,

42 BIFZZ b &ER L ETHER L

BB X OIS A S OB AR IR T B
ML 87 2 M, FEAEA RIS O iR BRSE T C DRk
RHST AL ThH Y, BALDHEA TH ST FeO (AT 1370T)
ALEICELI LD, $RTDIZITEEA Fe,0, (Al 1566
C) Th HEkEA0 L LB L THEMIEPELEZ 2 5N 5,
T2, FANERBALL TEABRMT 52T, HEDX
R, VEHE L DA X 2 ERETH;WIRFTE D, L2
oT, FANEBEALL TRIFIZHMMTHZ 13, &
Ik X R TTIE O BLE 2 S 8 EA & L TERL L%
AbN5,

421 SIFZ X bOBHRAETOEX

FRIPAIAL & A b 2 FRIPICCTHAI T 5720, & & MK
LTS TC, N T =% HWTHBRILL T 5 (LT,
BERAL U728k 47 A b % 5 2 MSRBGEL & RS ). #ih
TJO—L LTk, FANBIONS V¥ =%, I
LA O, Ml USRI ZITV, RS E 8 LTk
G<1% & L7, ®FEDEE O Fox> h —12H AL T
W5,
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F1 $HKIEAHLUEFMALSY X SO
Chemical composition of iron ore and BOF fine dust
Tron ore (%) T.Fe FeO FeZO3 M.Fe
’ 64 0 91 0
T.Fe FeO Fe O M.Fe
0, 273
BOF fine dust (%) 3 47 2 2

4.2.2 SIRIC 1T B ER{ESk DB TTRETM

FIFIC B DLk OB IR EHET H720, 70— 1
RIS A E 72137 A MRS A2 e A L7218, 70—
1 {8 % PRSI BRI L €, ALt L 7z. R ke
NoA YTy hLZTFe BLXO 70— 1 25 7RG T
% T.Fe DB %E 25 12789, & A MIUREE TEREN A % i
L7288 (AL 50mass% L B & A S IRRL %
i), 70— 1 A7 7R T 5 TFe MRS THD,
¥ A NBRREED IR L ) E N e b, §R
FAB LY A MUBSLORTTHEE B 26 1R T, BRibgk
RICEOFE T EOFEMIE Appendix (258 T. 7HY b
EARSEOME X DS BBk DORITEL £, BEINSY
A MLRSE DR TCEL 82%, HELA DIETCHIL 58% TH ),
A MRREE O T EIIER A & I L T En 2k
D% o

43 BIFICH T BBRIEHDBETEICET 5ER

Rl C ETTRIN L 728800 B L OV A MR,
W EESHELOLTEY), ROSETHETTLHEINS ()
ERERAL SR OEHEH R X B EHEETTO A TEITHELT
FTE, BIURICERIEILEALELZVEEZ LN,
L Ladis, 26 1RL72E91, SEaBLUY AT
BUBGHLIE 7 0 — 1 RS T TR ITRICERAE LT
25, UTOWTNPOIILBHEGEIZZ>Tnb e
HHEIND,

(ii) ERERAL Sk OB OEBESUS, (i) BRI O
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% @ Dust agglomerate
X 20 -+ Olronore
[-T:]
]
[
- 15
3
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'-: 10
; Reduction rate 100%
= 5
[

¥ Dust agglomerate.”Iron oxide ratio Z50%
0 T T

10 20 30
Input T.Fe from iron oxide (kg/t)

25 ®tsk1> 7y b TFe EX5 Ut T.Fe DA%
Relation between input T.Fe from iron oxide and T.Fe in
Blow1 slag

20

@Dustagglomerate | ,© O

E Olron ore ’ (@]

P 15 :

=~ Reduction rate 100% ,-

o e R,

s S0

- o0 O y=0.58 x
- 10 e O

g y=0.82x .@,

3 o

€ 5 -

0 T T
0 10 20 30

Input T.Fe from iron oxide (kg/t)

26 #iAHLUE X MERIEODZETER
Relation between input T.Fe from iron oxide and reduced
T.Fe

AT THRANOERIE, (v) ERER kO TC5UE

ZFIC, A NEESLE L ORI OBEICERDOAERIZD
W, UTFTEEYT S,

27 |2 Fe-O IRRER & BT IEME p, OBIRE RS 19
70— SR 1350CI2 BT, Fe O, HEREO BT
I3 43x102atm, Fe,0, H1FRFEDOMEHEL L 9.4x 10 atm, FeO
R E ORBE 1L 6.6x10 " atm TH 5o

—7J7, BALEDPSBEICEN ST U— 1| AT THOERERT
¥ x ViR, C-CO P, Fe-FeO FOHIIZH L EEZ,
TREHOCTEEEERT » 2 vV AG® ZHEE L7720

C(graphite) + O (mass% in Fe) = CO(g)

AG®(J/mol) = 5150 — 84.39T (11) 718
1/20,(g) = O (mass% in Fe)

AG® (J/mol) =—117110 — 3.39T (12)m
Fe O(l) = tFe(I) + O (mass% in Fe)

AG® (J/mol) = 117700 — 49.83T (13)m

ZZT, TIHREE, 1 ZEFFR%E, C(graphite) Dif =L 1,
CO 43113 latm, FeO(l) DIFE X 0.5 LARE L 720
BONTMERT YV ¥ VL, C/COFFAT 42x107"
atm, FeO/Fe F-{#j7 1.4x10atm L HIESH, 7H—1 A
T DIRFERT ¥ v i, 42x1017~14x10"atm & Hf
ESND, D EOBEFRELZH28I1ZRT, 70— 1 A7

— 147 —

W\
. %, \\f" hematite
Tiquid fron__] N \‘)O\v  magnetiter liquid p Jiquid
-+ 1600 N q
Tiguid oxide {)ﬂ\s \%e ]
NN \, 100 |l.-hematite
o b\ westitedliquid 106 |=\ /- S
6«1};}» 1400 R z air
RO B b ey sl @ Al Jiron ore
eiron” K 1350°C A 108 10-2
. L - magnetite
Higidy g 1022 \J I=UIN f Dust
Sron—1"" N ematile 14-4
ey 10-r4]  wiistite 1022 17| agglomerate
wstite i SN f
adron 1000k >, \,i 10=a4 we L FeO
w‘dslﬂe\\;\\~ wiistite-} magnetite 10| 10-
e 800 ) : '
600 F10-#0 <
‘@ +irontmagnetite 10-2
400+
200 ! ] 1 ) ] I 4 ] L
FeOo 10 20 30 40 5 6 1 8 9 peo,

Wt%  FeO-Fe,03

27 Fe-O RREX & =1 EAF Po, DR
Relation between Fe-O phase and oxygen partial pressure

0
g 0
o A
3
x
° -5
c
o
= PY
£ A
g -
3 -
2 E10 a—
o ©
g ! !
e S v N
k= 15 - Ozxygenpotential in blowl slag
‘S
I}
a
2
<
g 20
g Fe,0, Fe;0, FeO
(Ironore) (Dust agglomerate)

X 28 B tLSkPEASRDAFREL
Oxygen dissociative pressure in iron oxide

TOBRFERT 7 v Vid T 312, Fe0, Fe0, FeO
HIRR ORI Z TN O HETTHEEZ HNLD, fif
BEEL 70— 1 AT 7 DRERT ¥ ¥ X VDA, Fe,0,
DOIFBERUR A R b AT LR T W eI S L,

ANITBIE X FEREIRIC LD, ERA T 7R OSELA
Ly b (Fe,0,) DHEMEBZOVWTHELTEY, Sl
S LB R ANEREE AL v MAYE FNIREBIC A
D, B ELTRAI7ERMETHEMRL, EHEE ORMSEHE DK
DLz EHEEL T3,

DiEZEEE 2, S8AE ¥ A MRS 2 T 2 &, 13
\T Fe,0, HAH DRI IR F DOIFREDE D 1T 5728,
FEAE L 72BRFEAT ALY, (1) 8k & OFRSEEE DA, (2)
WEBEIRCEAOMHEIZ L L RITCEEVKTAEL, EIT
BRI/ b EESN L, —T, ¥ A MEKSLIZ
FeO # 4B\ G /o OMEE N ADFEN L7, MATH
INGHIRL S A T DEEGTH Y, HEBEE DB AT 7~
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DDA E S IUI L W Een s, $REA L HELL TEIT
POGHHET L7z EZ SN b,

4.4 EIFBRESHOETHRR EICEL D3R

31 HITHAR/ A MEERE DL IKIZ L), TPC L
Si TOHRIFMIRL S A MERZ B L2255, HREFIZON
T, $BIFIC B DEIFHRL 5 A o Z LKL, 2010
EFEFERED 43kgit 205 2014 FEEFEED 53kgt TT, +1.0
kg/t TR L720 ZORFIZLY, RITHEDT82% &L\ A
MRBSEOWEHIC X A 8ka 2AEER R 2L, RIMED
T.Fe % 0.1kg/t B L 720

5, X5 - HZXAMNIHB ALV KRELUVEHAX
KB DRNER

CNETOMYHMAEZBIEL, K29 IR A T 7
JEHALHIR O AR R EZ RS FIROHLE D0,
2014 FFPEFERFIL, 2010 4E O HIBE SixHMR=0.41% T
EL7z0 RUMERA T 7 EHALIL 16kg/t 223 L, TPC L
Si#hRIZED Tkg/t, AT T VHA 7 IVIEKIZED 3kg/t X
L7z, $h0 AFHAEKROR ) MlA%h S A B 30 127" T,
o AFRHEALL 3kg/t 5L, TPC L Si ERIZE Y 2kght,
AF 7 A 7 WPERIZED 0.5kg/t B L 72

X 31 I EFALERDORTTHREEZ IR T, T2, R32125 A
MERILR DI MLARNR AR T o BRILEERTCERD S0 2%

100

89

O16

80

73

Slag discharging outside (kg/t-cc)

60

2010Fy

3¢ Wet, without metal

2014Fy
3 HM[Si] X HMR = 0.41%

X 29 XRNBEHXZJERBEAHROB) HANE
Decrease of amount of slag for out of the recycle system
18
:$: 16
S~
-y
2 O3
S 14
] 13
[
s
10 [
2010Fy 2014Fy
XHMISi] X HMR = 0.41%
X 30 $k0O0XEEAKROI)HEAHE
Improvement of metal loss
H A& # % B W #4475 (2019)
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TPC i Si 12 TH A MER&EZ +74kg/t kL, HIZERH
TOFAMERILK +1.0kg/t & L7ze MLIIC X 580 2K
WRIRE LC RS Y A MERIC X % 80 A 0.6kg/t,
7 A MBS X B8k 0 A% 0.1kg, &1 0.7kg/t DE%k
0 AR % 5 L7,

&

AT - FAN)A 7 VR AL Lizgka AR O

DHAZOWTUTIZE L0 5,

) 7a—2EDAT 7YY A4 7 VKRS L O TPC B Si ik
KICEBAT TR 2 — 2EEFFLE LT, 2014 4F
FEIE, 2010 4FJE & L L CRIMVEIR R 5 7 R HAL %
l6kg/t HIIR L 720 12, AT 7 ORYMERIHES ko
AJFHALE 3kg/t L 720

2)MURC 70— 1 BLUTPC i Si 2B BERALEk D&
TTREZEEL, (1) TPC B Si & A b IR 92%, (2)
70— | BRI R ITER 82%, (3) T — 1 BkELA iR
TLHE 8% DIATOFALIRFEH L 352 & T, MILEko
IR Z ) E &8z, 72, TPCHLSI 2B W T,
70— 2 FEROAM% Fe b AT 726

3)FRIFATORBICT ADL W ERIA IR LT, TPC it Si
(Vs vari) COBRSIHYAMEFICE S8k
0 2K 0.6kg/t, HEAECO & A NSRBI X A8k
0 AR 0.1kg/t, Bl 0.7kg/t D#RT AN A FZ L

6.
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= 20 O lron ore
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E 15 O
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Comparison of Reduction rate of each iron oxide
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g 43 |+ 1.0kg/t 5.3
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32 X MERHLADEY) HAZNR
Increase of amount of dust recycle
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Appendix
TPCHLSi AT 7 T.Fe BLOTPC i Si AT V&% 5
EYT D72 HWRHE R E TREISR T,

- TPCIFiSi A T 7 HT.Fe=TPCIiSi A T 7 & x TPCIHiSi A 7 7
HT.Fe (%) (14)
-TPCHiSiA T 7 & =TPCHiSiE KA T V& +EIf AT /&

(15)
“ TPCIBSILEIE A T 7 & = Hfa Ik = < An i + Si0, A4 i +
70— < TR E A (16)
ZCC, EERL 73kg/t T, 70— 2 EAW Si A
T 7RI T 5 HE GREEE) 3—E e E L7,
PRI B LYY A MRKSLOBEICFIZOWT, TPC il Si
2B B kO ICR L FEI, LTONTERT %o
BRI HPRER O 71— 1 {5 CaO, Si0,, T.Fe D747
e, ~ANT AR ERLTHE LT,
BRI R T = BRI R TCT.Fe/ 885 1 ~ 7~ M TFe
(17)
- SRR ICT Fe=8k81 1 > 7 MT.Fe— A= ICEkSL A T Fe
(18)
BRI A 7y N T.Fe=8k8 AP A x $k8LA & A TFe
(19)
- REITCESATFe=710—1A 5 Vi TFe— 70 —1 A5 7
FTFe (k8L A % A= 0kg/t) (20)
c T U—1AF 7 HTFe=70—1HNRAT /& x 7 0—]
A5 Wi TFe (%) (21)
T U—FNAT FE=710—1# ACa0 &/ 7 10 —1
AT 71 Ca0 (%) (22)

- BRI IO = BRI HL R TCT.Fe/ B EL 4 > 7 M TFe

(23)

- SRR TCT Fe=3Ld 1 > 7" P TFe— A= ITTHLSLT Fe
(24)
SRR A 7y N TFe=YRisi % A& x K SL & A T.Fe
(25)

- RIS TFe=710—1 A5 ZHiTFe— 70 —1A5 7
HT.Fe (BLACHLE A = 0kg/t) (26)
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