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Investigations in Innovative Steelmaking Technologies in Japan

—Focused to the Metallurgical Phenomena Stimulating the Developments of More

High-purity Refining of Steel and Continuation of Steelmaking Processes—
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Fig. 1. Changes in rolled products production of
carbon steels, specialty steels and total amount.
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HIXSBAADSKMC SN T OEE MR - B
5BMEVS T EE, ERIIEROERFN L ERIFHR
D HM R fs X 09 A MR & 8k THMM O LR HAERX
T EHEL LRI T7:3 THAINRSBIDENED
IR L TR oNnEVS BILHBH. Fig. 61X H
ADEFEM, BLIFMES L OO BDO DBEMOEES
DB wRT. HROFERGEC KT S EHMEES
HRoD 1974 95 1984 EOHBIILLTO LB ) TH
% HA 11.5% 5 18.3%, 729 % 13.1% 2%
13.6%~, FEAY 14.6% »n5 22.0% ~, 75 VA
12.0% 75 17.9% ~, 1297 13.0% » b 23.4%
~N, AWM. —Fv 309 L lkicoTw5b.

1. B X W HE

L L F CHEMELSTRETHS 52 BIIFRIC
BESBRIINEE 2 DAY, BECIRIRERE
ENRFDEEE D, BRLIRAES DEE U BRO RS R
B LW onolErd, ThoiBRIhTE
MESms EERS.

TS ST b xR BRSO
DUHNDOTEREVRS Z&” 2E%T 5. BiENE
L ilic BRSO &R EZHM U BREE ML
BULE 2T\ RS - EREEET 5. CoksRE Mi-
cro-alloying 4 235 % FeHE U C M o v B & BEHTRY
B - AEITEMOBREBER LTI LV = — A%
ELHTC litins.

RO BT OWT, 25V Table 1
DX O EERFHEFToOCNS. ¥ Table 1 1 (3HE
FERE IR AL BMEL L~ 1O fld §f8 OURT
1.1 SHEREZHETILHOHMAY 75 v 0 X,

T4 —

T LOEEEEML, 5 A% &2 10 pm §ij £
D AlLO; NEHOBREN—D2DF —< &inh. fEFIT
NTEYR IR X HBEF L ERFHETH O,

Table 1. Regression equations for yearly decreas-
ing of impurities in high-purity steels?.

Equation Extra- Actual Estima-
Element porated data  tion
log x= 1940 1940 2000
C —0.03187» <+ 64.5308 500 800 6
S ~—0.05187»  +103.7056 1000 250—340 —
—0.066y +131.58% —_ —_ 0.4
P —0.03223y + 65.3605 680 100—650 —
—0.064y +128.26%* — — 2
(o] —0.02130y + 43.2502 85 50—100 5
N —0.009952y + 21.0374 54 10— 80 14
H —0.02743y  + 54.2236 10 2— 4 0.2

* Since 1962, x: Content of element in ppm
#*  Since 1976, » : Calendar year

High-purity steels in 1985

S P O N G
NK Keihin 5 15 10 15 15 (separately)
NSC Yawata under 50 ppm in total
SM Kashima 5 20 9 20 — (separately)

B SLIE T okl 28z o\ T, KOLMOGOROFF
DN TEROFERIY, EWTO > TRIZ 9 =(/
P2 ) V4 I CEHRE S h BB pI EE 50 pm &
Eo@miNERT 55, ME ALO; 1312 DIFFIZ HFHC
T2 X o TR BEONRE ALO, L ET BB <,
HEE L UM ALO; BBHclBIEC RARSB D Z
EDHEEINLZ EABHLLY. FRBECKELD
AIMBHC KT 2R TF OWEBEICEIT 2 MEKRC
iuE, kg 10 pm LT oW EB BIREITGIE—E 1§
L, FofEiz Ranc-Marsuanr O MHEAX (Sh=
2.0+0.60 Rel/2-Sc\/3) D ME 2.0 (EFBK D% itk
FROB—KNTOWEBE) XHXBPRPAINWT ERIE
Ll ALO/NRZ7 5 A% ~d DX KB THS
72 DIEWBEBENIBD TNIWEEBIL X 53 D LHE S
s, ZoMRCIBETHHBEO—2ELTHINLYT
A O THRBAE INHBDTE TS,

ANV T O DOBECESRENDEMB D, AATT
& DG o LRIRIRE 2 BliRMA 2 HERMA~ & FIxR
L, #OBDEDDREHENDOEEY ¥ LT Table 2
Rt BUbERBRAR, AR, €5 1y 7BEEN
B oz v 7 oFEOBWERERE (AE) &
BUCKEHEL AT 2 ARSERE IR TETCVS. BE
SOHIREBEETEITAIFREBIVD A2 =TR7
AR = BB T x— ALY TAIFRANEYD
BRI DR TV, »Av7OERS B Th
X5. BHEERE 75, 72LLTHrArv7, 3Ca0.
Al,O; 2Ca0-Fe,0; X5 ~r by v Ly CaF, %

‘CaCl, 7 E&EIMLIb D, KR - R, FRNE,

7Y A B Ex il fe b DS BRE@O DL S
DEMEL~DEBTEHIh TP Z LILis. 27
Iy 7 AKBEEMEIE LTod Ay 7 O ARIZIBIE L&
%2 BB, FlziE 3Ca0-2TiO, D EdHE~ D B,
CaO-TiO, DEEMAEM~DH®RE EXED REH] T

Table 2. Characteristics of calcia and its com-
pounds.

Eutectic

temperature Refining capability

2 570°C  Absorbes Al;O3 to form C3A
and absorbes sulphur

Pure calcia

Periclaise 2 150 —

C3T2  e.p. 1 695 —

CT  ep. 1 460 : —

C3S; e.p. 1 464 Conventional steelmaking
cs  e.p. 1 436 dag

CiA  e.p. 1 360

CaO-CaF; (14.5%) 1 360 Reaction capacity with Al1,O3
and or sulphur
CyF e. p. 1133 Dephosphorization capacity

CaO-FeO-MnO

Increasl melting capacity by addition of halides such as CaF3, -
CaCl; etc. and increase refining capabllity

Desulphunzation reaction are possible to be acceralated by addi-
tion of 5~10% SiO; to C3A

Rates of melting and reaction are possible to be acceralated by
treatments such as pulvulization and premelt
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Fig. 7. Iso-activity diagram for CaO-Al,0;-CaS
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(Ca0) + 2 Al +S= (CaS) + 5 (AL;Og)-+ (1)

log ag =%~log ap -+ log Agag
15 640
T
ZDERKERI X 3Ca0-ALO; DT LA FeF o
SRy F 41k 200 % 10-4, Lg= (S)./[S] 13 1000 ;L EpiE
bhiz (FRBE To [S1=2% LlEB). 747 Wkt

—log @cac — +5.329- 000 (2)
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X b &EFEE I 6ppm, (S)/[S] ik 610 2MF Hhte.
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Bz LT 6ppm, 600 BB Hht. ZoOKREY HEx
T 250 t AP fFic 35\~ T Ca062%-Al,0,18% -CaF,20%
% 8kg/t HEMLI-FRIC K\ CTLBER T 10 ppm,
[S1 5ppm D EHEMIE DI,

FENBE IR AERE A EYYBRET S RN TR
5307 T a N —EFRTAZERT LI =Y &8
HTREL ABITbR TR, LT O BE
CIIRAIR E XN TWBMNO, 73 = AEFHCHE B
ENB7 4z =3 mm FHEOT L I FREARLE
RICHBDONEERTHY, NEHD BREHE L APELIAN
SO X EBBORASNELT B L 2 A THEET,S
TAIFRTFRIRCEHERS & L. ApELIAN B2
BCREIMCHEIEL X5 EEBRL, Ni &L ST
1T SUTTON BT 4 — AR 7 4 V& — BT

Stopper

Ar

Thermo-
couple

Ceramic foam filter

R ECHEIGL T 5.
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Fig. 11 WR3 Kk TEBRE T2, 2-20 mmg D/NE
LA xBTHARRT AlLLO;>99.5%, B 3.92 O
M7 IFWREDET Iy 7 - 75 —2BHEAE. Tr
IFNEWIT a2~ HEL, BROTALIF - 2
7 A& —DEBCHRL A bhic. BEhoBE LT 5
7 4 W E —FERB TR BAERHIROHB L T
AV E A ETHREE 2 bR, T2 Tk APE-
LIAN D2 KL 3Ricy, MESE G EBRER M Lk
NhHECSHEREBI.

WRAPDOT7 VS FNEWE 2 VT 4 v ¥ 2 WTIH K
HOWEE I LT X OTRET B HEREILEDN k)
TANE=REVT 4y ¥ EET B RE O BREY
fe K BEEEE~OBILHBFRIN TS, KEB® L 8
mm§ O/IREILOBER 7 4 &2 — BT BT I F5
TEMDONENEBEARE Lic. FORBE, 74145 —
BB O BMITE OB ER BN (BEANTE 2> 500 #m)
LT ALO; R F0EH L—TMEEL S5V Fa % 172
THBEIh 2 EE 2. CoBREEECOWTUL, XL
FAZEBIS & BHT Lt N. SiNneH!® O #EERTVE L H &
T 5. H HARRE B SEEARFRY AT v v
AMBEEAD T I o 7 - 7 4 AE —DEIEBRTT S
T DB OEBFEEREOR, 5t O 2 v F 4 5 v
S WHEGELIC. 7402 =37 =& 2T THDY
RS 11~12 pores/cm t UMEIL ZrO, BThH 5.
AVT 4 9 Yo TOD7 4% —DEEEIIEIFT, 10
ppm D LEAFREOEIRAE Hhi.

KPESB M) AFITEOI 2 v F 4 v v HILE
€T Iy T T 4 NE =R I~ BIRAATE R E R 2,
FLTCTF A M RITOR. 74 42 —-BREBEVSATE
RTERMRD B L2 ofe. HARME R 5IEM%
2T 4oy Va REERIRBELRTT7 4 x5 —F
Ba2{Tot. WRME I Ti-BR7 L IF 0 FEIT, 7
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Fig. 11. Testing procedure of
ceramic foam filter¥,
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1.2 SRFMOBD ARE

B v ABHCE~ v VOB AN I EE—
Y OHEIHRINTE TS, FoO—3EEEME
F o 7 AT OBRERY AThD, MTBEESES
VY AL HEETEFHI T TOMRY AThs. B
B LTUL 75y 7 A &£ LT BaO, Li,COy, v — &
K, CaO-CaF,, K,CO,, Na,CO;-¥ 14y, CaO-CaCl,,
CaF,-CaCly-oxide J %\ it CaO-NaF % ~—x L
500 B, #HEF L Ca-CaF, ¥ k1t CaC,-CaF,
BERXN-RAETEHLONRDD.

BaO-BaF, gifkrh o ) ABRYE & » A LB DR
BAL T, HM L2 X iIB b s 580 A K
DAFVRIL (3) IO (4) RTEIRhB.

1/2P;+3/2 0%~ +5/4 O3 =PO}~ ceoeveveeena (3)
aproi-
‘ 1:‘ P%’/ZZ.a?)O/ZZ_. P,?)/;i- tesseea

ZZT Kk (3) RoPEER, P a; i xrhFh i
B D E L EERET.

MELEHES T T, 27 7900 A0 AeL
TEET50C, By AKIGD A A vRiE (5) Rb X
* (6) RcEZhb

ereeereieeneeee (4)

]/2P2+3/202—=P3—+3/403 ............... (5)
3/4
Ko TP - (6)
Pfatt
Bty ARIEOBBESERFERE, b ABECEL T
(% POS™) a¥yZ
log———————=>5/4 log Po,+ log
P2 K- /3o,
.......................................... (7)
h AL Tt
3— 613/2_
log (0/;52 ). 34 log Po,+ log Ks.‘j;_ e (8)

Py
EFRIhD. LI XS BaO fAfA 5 yrE8RiIc X 3
BIEMRRY Fig. 12 WiRY. 743 A7 =4 beF oyt
T 4 (Cpoi'-) 1z oW CaO-CaF,2 R & ﬁg 1350
°C, = HR 0.26 DLMETHET S L BaO R Han
DADAT -2 ZVEIOHNEHIC LT HBEBY AN
RE L. :

B E B CaO kit k3% CaF,  CaCl, %
WAl & Lic & E ORI OWTE 1+ vREOHE
TOWTHRE L. LR A5 st Cl- & F-
LALFERRBCE o7 ) — Cazr pVEZEL T
B EARER, B A7 v — Ca2+, O, Fert (%
7213 Fed*) @I oTdb3¥3hb o &R hi.
DOBERIZ, RETOY ASER, L, XA 5 7iEHE
B, B, (=Ncao/(2Nsio,+3Np,0,)), A F 7 D WM
KoK, Ny BIOBEENC LY EDbR5S.

8

I
- 4l-o-POs-
2 q, "‘Fl’s'
~. -0
n= 3
Si 5
S8 NS &
g3 1@ ._T\- |3
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log Po,(atm)
Fig. 12. (%POi~)/PY? and (% P3-)/PY? for

BaF, containing 26-28 wt% of BaO as a function
of log Pg, at 1350°C22,

Lp (= (P)/[P]) BEBRMCKEF TRRATET = &
WTED I ERRD BRI

Lp-exp (eh+N;) =110 exp (20- log B) -+c-vr v (9)
ZZT Ny 3mmElo =143 (0.15~0.5), B<1.2
b XEGMA wHLT—2c, CaCl, wxfL Tix
—6.7, CaF,-CaCl, wxf LTt —~1.7, CaF, LT
1X0THB.

H BTELem (kR) A BERRZERT® ik Li,COs % ¥ifn L7
CaO-CaFy-FeO %7 5 o 2 A% AV EDAATF vV L
ADBHE T v 2 ADPERAEITOTWB. AOD FRHD
¥ 30t » SUS 304 Mg (C 3.6%, Si 1.6%, P
0.025%, S0.0579%, Ni 9.29, Cr 18%) wT2HR
By Fv s, & SiO, k2 LA, ARy —ATe EBH
AL 8min DY A% 3[E <L pEL T2 250
ppm O [P] 235EMEEC 60 ppm ot HEXSE
TEFR)NIRA T FNBOR B IEREHiy ABERER L
BaO-BaCl,-Cr,03 R7 35, 7 AR LB AT vV VAED
o ADTEIELXBERBL 5. SUS 316 © HERE
10 t BEY I CHMEE%, AOD iFi T BaO(50%) -BaCl,
% 110kg/l B# AL Ar FACTEBLCHY ANBELT
“Ofz. 5min 2 H L hELIC LD 0.0023% [P]1 5
0.006%, [P1 iy AT, EE 1400°C LT TR
WP HERAE LR,

Cr rvd%7%3 P, As, Sb, Bi, Sn, Pb, N, S, O,
Se o ERBBEBAINL VY ARG 75 v 7 AR LD
BREILFHK T CTRETEE KOTETWS. D&M
TTPix Cag(POy), Tit7c T CagP; & LTHREX
h5. CaCy-CaF; R7 5, 7 AMBRBTIEBED A
BRKTCTHIT TS EE 2 BR B,

(CaC,) = (Ca) +2[C]

3(Ca) +2[P]1= (CasP,)
CaC, DHMEENT Qrc) DV IV ESEL, AT IFAD
(Ca) DERENEL85B®. WOAAT FIEEB X
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hic (Ca) 3R r AR IVBRLTLES>OT, B
BELWEHfELTO Qo) B L OMEREE A R 529,
MZALOR Ly kDR TS, ZORTHY AWM
B ZOE T WANALBBRBORIGTH 505, &£
LR 5 7 s b KSR ORSCh S L FER
PH; ® H,S #RET 2O CTEOMENNELLD. —
BlE LT, 235 7 2BatRED ¥ FMLOE T2 5k
mERKRRE Eh 5.

(%) B BUEFTBS T35 CIE B T Y A DR 1T
Dfc. 10t = —F=4 7 — 7 CHBMWM+> [C] L
O [O] BB A SR ZEBRMERICTL T
1.1% o &8 Ca v 1 v —% #EAL By A LK.
Th ooy ARk 31%, BiiEKE 55% & oo,
FLAMBHED A5 71k PH; 5 L0V H,S % B4E357
b, BILHFRA S 72 BERRML O SBELR EATrC
LR XY AT SRERRT oM. HH AR (B 213
ERgic s A7 v vASORTHRY ARGEHRL,
Ar B 5kg/em? TRABY AX 72% 2ME5h, S,
As, Sb, Sn OBEG THhivi.

2. BFSEROBHKEICET ZBHOD
EFRS .

BWHOBUT VAT & B0 AME S HEhth o BEFEEER R
TER IR, ABEBOBRGREN v — FABib A
BRI HATH 80°Cml nZ i HbR T 5. Bt
D AMEBIhEBESHEFEHAT S BOF T, ~vrv
A7 v AR EEEFEFCREML [Mn] 2 [Cr]
AT I-2 ZANSEECESTHRGNT 5 o & 2 af
L. MBROBHKEEIF 80°CEV-Z ik
HABMC L) B2 Dh b 5E&UROBNEML = A +
B EFI & 5.

I S 3R RIL No. 4 FIF ORI\ T HE
Bin ADKRBREERL TV5%. FHERBIT VI LOBLY A
EBRAORREESY Fig. 13 wrd. #HKEo HgikEc
B, B b AMEEIT 5 2D, BiR o RGNEE
BT ARERTAZENNELRS. gk
BOWTIHEELLAS 7L 22 v OBOWBEBENERE
DBV ID I ZTD AT V-2 2 A0 WS EY IS

BF
(a) Top injection

R T -1
main trough (b) (c)
[ | runner

slag trough ©

© @<@Dsampling point

tilting runner

Fig. 13. Layout of BF cast house runner and the
injection and sampling points33.

LT ERTET, RERAThic7 5o 7 AWKEI G
YBETIL0OBKEOS LI 5, 7 ADERIEBLY
ARIGERFETTHZERBRBETHS. ZDD7Ty 7
ART 4 ANV — LS5 v RE BTN S BEIBTEN
CBRLE—HCL 7 A v 7> vRTHYHESE
Li-(Fig. 14). F7-0Ele v 5, 2 A48 UCI2ELS
PMEL (1200°C §i#% % 73 e R F), RIS AE Ok %
BTV M ED DO S EER (Fe,0) 2% A
TWBHZEDZRK/THS. —~fle LT 0kg/l D75,
7 AR EIAATUE LR, 0.04%P, 0.20%Mn,
Si b v—2, 4.20%C OBUFERLY AMER I

Py 7 AV Vs v VTIRRERAT R DR
ZBix 0.1~0.3m/m BETHY, WIALEED FEIE
10m/s /e D TIHPREATLOR 1s FREELEL, #T
BRE D BEEE, BILERL, B, ¥ AOEXRALREL
R4 OB ERT L DR D A 5 rERH  mm
~F 10mm CRELELTI20CEPDEET D LHE
Thb., ZoEEDT 5, 2 ABEMEE 2 2 L0 KIGRE
B EEXAS 7ORIGSREOK 10 fFioE L T\v5 LH#
Exhs (Fig. 15).

DT e ADRY ARG TOZ LS HE & h
%. CaO, CaF, S IUBMEHERE L7 5o 2 A2 1%
BETKREAETNCHEPCESTHAGEL A 2 DR
HCHEBMLCEVBENEEL, #2450 AL
SRIELTY A%RD ABOWT 104 BEOCEEEE T
AT FEERCRING 5. OB ARIGIEK Z AL

Flux Flux added at high speed

Heat transfer(melting)

Mass transfer

Hot metal @ Mass transter 1
X ' e - DA

Runner

Tilting runner

Ladle

a)Soft feed method

b) Top injection method

Fig. 14. Schematic drawing of a) soft
feed method and b) top injection
method for continuous refining of hot
metal at blast furnace runner3d.



72 4 (1986) #16%

© 2160 % L M &
100
3 Dephosphorization
ai 10 \ agent Flux
E injection
3
© 1= Slag
© = particle
§ p =3g/cm?
k™ Top Flux
£ 0.1 addition injection ) Top
A A ={0A addition
K K =10K
0.01 1 1 1
0.01 0.1 1 10

Particle diameter (mm)

Fig. 15. Relation between particle diameter and
slag-metal interfacial area in continuous refining
of hot metal at blast furnace runner3?.

HIF L TCoOMOKENKETT5. 0k Hol
D ARWIIB &R D A5 7/-2 2 VRIS E LTI JEREH
THBHH, KERENFELFD RS SO TR
I EEE S RIGDBELE Ie> T3 & L I i
5.
EBRHRO SR LT, B ol o
BlE RN 7 T 2 A AV 2 7Y a DRI B
RohB Lo, A, AT 7EIV 2 2 ADERAH
BEES L L HixExsrtho s roEhikcEL
T, FIGHESBERA T ZAR O RIGERY 2 B L
TEMLL TP FARA T IFKHE —RBCHEET DS
Bl EOBANE TR TS, S0 X577 — < ILIEN
61 FEREFEDHASMB R & O SIMEHBEILF
4 [REBBHHSEHE] OMREAO—D L /gD>Tw
5.

3. FTERZHEFICH(TSERMETT
Teuze AIERKTEY 7 P HOBRIFER L OT
EEINTETCHSE. Che U TCENRFER LW
LWEHRETEORAESTHLR TE (5. BEHK IO
Fril 539363 100 kg HEnEdE & 550 kg D FHBRAH E

Graphite

SR & dRiE A B OB R 2 B U o R BRI RT BE
HAFAEL, BESPITOBELEZE L. PIEHEE

ELTiE, 1) ko GEEBRO o ek L K
VWHEGHEECLED ISR L TRIGEEX®ED L H, 2)
BN D 7o DI LB I IRFBIRIRBED 1o d> DRRLFEHSR &

7 v ARG ED X 5T I8 D00 &MEX
XL ETHSH. EEBT 100kg B (Fig, 16-
ca) TREFROBEG % Pt L b, 7r Ay

y b, 7997 A, a—=2AREAL, AF /RO R

LD E LD ELE X ORI KIED REC 2V TN
to. A5 7 Bin AlLO;-MgO-Si0,-Ca0 (Cr,O,) <5

7. 550 kg #EEEEME (Fig. 16-b) T3 72 » AKE
DOFEEH AU o/ EEKREFE CREE L 72 H it &
RIER DA % T 7.

7w h Ly b DEBERBTE, /rA AEFRL

(MgO-8r;0;) DRl Y 7 — F A5 SO BBR—-E
BiAs 7o s e AL RMRHECOBRE 7 7 A DB~

AR ADESEEINE Fe v o, 5+ CH7 v a2 BRE LK
WHORE, w5 (Fig. 17). 7 r a@T0MfThbih s
Bt LTk, 1) BRiGBIBEORE, 2) =2 —7AD
EHHEiOZoONEL RS, £ard Cr pv 20% L ET
i3, BIGERE, FEMEE b [(%Cr] REKFELRVWZ L E
BLTHEEI2 — 7 ARMNE &L LT H LoD
DEBREENSRMEBRICKITLETATEREE L DR

5.
HEEECBRIRE (W 1600°C) T 7 m A8 T
(R 21k saiBie, AT rduc 2 — 27 2% HFESR
B2E BIOHEIENR A7 7RO EBIRPINE LS.
ALO; 13 21% Ll BT 7 » & A E X ADYMH PHE
SR TCRITLSEBRICEL 5.

VN ¥at eyl i b E R Y e A AC R
FTRIGEER T 5220 BRCET AR LB N T
5. 2a) 25 7R BALTHEEHS® 3 Cr,0; L T
MgO-Cr,03 2 v 3 LD HEE I JI1ET Si0,,
CaO %4 % L C FHRERY fFlRL, Ca0 o
WINC X v WREED KIBC BT 5 2 &% Kb

O,-lance
Graphite lid Gas sampler :
cylinder, 4 L_ ]
5 8] Dolomite Ao
Bl Tg brick SH slee B
e l OH] Metal [jo
induction oV o Induction
A | S 5 | DRI . Mgo_c
coil 1 coil —y € . .
Mg Atr Porous plug (Max.280kw) o T brick Fig. _16. Exper}mental apparatus for
Tuyere 2 smelting reduction of chromium con-
stump taining ore, a) 100-kg and b) 550-kg
a) b) furnaces®)3),
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o 12r
§ 10k (T-Cr)
S gl... % . .
. OxidizedR,, Oxidized chromium
E 6 L chromium & in molten silicate
= . in ;articles
o 4r &
e L L

Metallic ch.romlium o

10 20 30 40 50 60 70 80

Time (min)

Table 3. Chemical composition of chrome ores

(wteg)so,
Ore Cr;03 FeO GCaO MgO Al;0O3 SiO; Cr/Fe
Indian 51.5 15.5 tr 12.4 10.5 5.7 2.92
Philippines 46.9 17.4 0.4 17.4 11.7 5.1 2.37
South

african 44.8 10.3 14.5 3.0 1.56

25.3 0.8

Table 4. Chemical composition of slags (wt2;)3%.

Fig. 17. Behavior of chromium oxide and metal-
lic chromium in silicate slag during smelting

reduction3?,

Ca0l

L+C-Cr
Ca0:Cr,0;
20

Cr,0,
(Cr0,)

(wt%)

Fig. 18. Liquidus at 1600°C for the equilibrium
phase diagram of the MgO-CaO-Cr,0;-(CrO;)
ternary system in the air atmosphere3®.

(Fig. 18). b) =7 st Cr,O5 DB D\ TILAI
dwoFl sofE (Fig. 17) 2MTbh T35, ¢) 22
Al ([Crl1/[Fel) oZEBEHCEIL I ESNIBTAER
Moo x Zv-Ko o P B LT [Crl/[Fe]l ORRINZE
bl A7 7RO EELYRANIFER, HFLRICELS
REDOBRIGDETCLEST 7 » AR L TP E, &
e 7 m 2RO Cr/Fe =1.5 CHETH &%
Mg L7 (Fig. 19, Table 3, Table 4).

Slag CaO MgO Al2O3 SiO; m. p. °C
A 25.0 25.0 25.0 25.0 1 650
B 15.0 15.0 20.0 25.0 I 300
C 25.0 10.0 15.0 50.0 1 300
D 25.0 10.0 25.0 40.0 1 400
E 40.0 5.0 15.0 40.0 1 300
Table 5. Research subjects in smelting reduction

of chromium containing ore.

Slag

Investigation of equilibrium phase diagram

@Solubilities of MgO-Cr,03; spinel by CaO and/or
Si02

@Solubility limit of (T:Cr) in slag

@Investigation of molecule, ion of (Cr) in molten
slag and activity diagram

Flux

Development of fluxes capable of accelarating smelting
reduction

@Accelaration of melting of spinel
@Measurement of activities of chromium oxides

@Measurement of refining capability (ex. Ca**) of
flux

Process

Slag designing

@Fully molten slag (larger slag amount) or partially
molten slag (lower reduction ratio of Cr)

@High-chromium content (Cr/Fe=1.5, C-saturation)
or stainless mother melt (Cr/Fe<0.25, C=1~2%)

Furnace designing:-++--++strong stirring
@Suspension of particles in slag
@Accelaration of slag-metal reaction

Observation
of reaction

Selection of reaction pattern

Selection and observation of most effective reactiv
between six potterns of gas, solid, liquid state of
reducing reagent (3) by liquid, solid of ore (2)

@Absorption and melting of Cr20j; in slag
@Reduction reaction at carbon source interface
@Relation between refractrory and flux
@Quantitatiue study of effects of stirring

@Reaction equations

Fig. 19. Change of Cr/Fe ratio in met-

Reducing
ﬁi}ﬁgﬁ:ﬁﬁﬁmﬁk_o\,\{bi%ﬂ@ﬁi/},‘f:z\(\. zh reaction
a) ‘.54\---\-\'—-]-—_ - -t
\ in ore
2 hr.

o101 b) (. %)
% C+graph. Slag CaO MgO AlLQ; SiO, mp°C
[§)

0.5 B P A 25 25 25 25 1650
- B 15 15 20 50 1300
0 A Cc 25 10 15 50 1300
1400 1500 1600
temp.('C)

— 11 —

al droplet suspended in slag layer during
smelting reduction of chromium ore with
reduction temperature3®.
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RELREE D b DOEBIMEE S h Tt o s d
LB2, —flL LTRAVAGCLh RIS hTh 5.
(FeO-Cr,0,) +4[C1=Fe(l) +2[Cr]

+4CO (gas) «werrereeenreennns (12)
log K= —46760/T+29.9 --vervn. e —————— (13)
2[Cr]1 +3 (FeO) = (Cry,Oy) +3Fe(l) --ovevveeeee (14)
log K=—15000/7T—10.0 - cccoveemrenrenencininians (15)

G2 v AGRDERFRERRTGE (7 = v 7 v &8
BHDNIE 7 v ARGEER) L CRETRER
&Bigx Table 5 bk tdbRE. DXRBEDL
Nic 7 v AEEBIBK, Bio A, BGE, BEEis L oEi
BEAEThhTa< =Yy - A7V VAD 5 \»
a<w—ver-Taflrhd, 7e MFETE R
WA RD >~ — N & UTHEREVA, —HTik=
— AL RIEE, 7w Ze ARENAT VL AGE
Bhsh 7 v AERRERY L L BINOK D A% LIRS
NOER - BEEOBECLHABT A LANERLIRAS.

B AR BN EEAIEROM R S r o2 2+ &
LTCOMBBBIESWTY » v 7 v A OBFRBE TR
oOPIE R IR 6 Eici e > CERPTH S, ZOWF
I AAry PSSV FELTCHE 30t OBEFELE W
SRPFLNET 2 FHRELCFYREL TEEINDZ &
Zish.

4. BEC o FORARLCHBITIESEOER

= DR EER XEFO K HC R 58, =
FABIO VI VORBEEFHCOWCTHRE L. o2
Tk E = » ¥ VD EFEH Lanemur DRFSEERIC
5 ELUTENEIT, 7Y b7y bD—2& LTHH
MBESY A NEA T ZIEFREC KT S XA b e
A DHEIMO R EMI DTl Fe.

BRI BRI 1T EEM X IR R CASBBERAIEL
TOE, PEAT IELENHBOBMETLIEREA SR
B ERieAHS. WREFECETIAFAT w ALt
Wi-p 10~12kg Fitk THBHH, SH 25 7EDOER
R EFBREROHEBICHE O TH A L v ANHEINT 50
E3noBANLETHS. FALr AT o — A F
APEAT T » Yo FAVEHD, HBIERBS K
RETAWHRL LA P THYEBE XA , EV I/RRE,
T4 vV VAT APV LA P ESEHEIRS.

BEIFEOBEY = » FOKECET 5 EBOERHEE
T DWTCBZIT OO T T Ickgi -3 %49,

BASVvARACTS VAERLOREE L, HX
BB IO EERINC LS KEOFTHIYERL, HEN
ONIEEEEHEEXHET D N TE L. HHAR2
AT 2400~2600°C, — & EE s ik 2000~2 300°C
Lkoohi. 74 AR I SEERECIHESRD
BENDELRD. ZOREROBEY = » + DI
L3 Yy PANDFERTAD B XALZET BT

0.34, BHICBPHI L o — A FRALOPRHEERIT 1.8
mgr/l~ D v b Z’_?"QZ% ﬁg%g& s=1__e—o,m)2s.><l,xd
LB EX, dEHERNTE) X RDRE =
0.01 %78, JoHEsEsHEE L 2150~2600°C LR 3 &
ERTED. ZoORKRE, BIEIhICKkROEENRE
HRRBEDERBLEZ D ENTES.
KEZ==1ry 3 VORBEBEIRS., =<1 4
vOBRELELT, 1) BEOHH~DORIE 2) gish
LDt o — ADEBOZOEME L. SIE~DOBED
WIUI R TIThh, EEEHFEEE (16) RoRKIER
I 5 BED £7 vy v Py, DEARIL Fig. 20
DT ELKRDBIA.

2Fe (1) +Op=2FeO(I) - +-erevrmrmvmmmiiiianieiinneenn (16)

4G*= —RT In @peo/Po,- Are
= — 111,40+ 21.66T «erverrevnrerienannns (17)

BoRBHSE L Tt E. T. TURKDOGAN K40
counter-flux-transport theory 235 %43, = OHH L iz
A K &S L cix Table 6 T X 5 ERNHL &
EDb, TITRARBETHD L LU THFEEDT.

1072
2Fe(1)+0,=2FeO(l),extraporated
4G°=111,240+21.66T
~ 102} a? 7/
€ =—RTin ——° — /
2 Poz+ afe /
3 10~k d
a.
107°
§ B.p.of Fe
& (3, 145K)
1076 @reo=1
8 ’
g /  }Luminous
C 107F 0/5 / | radiation Ph Il )
o0 =0. t €=0,
Feo // f‘—}__: Spgc%rgr?'l ( 0.01
. \l/volcolorl

1
2,000 2,500 3,000
Luminous radiation temperature, T(K)

Fig. 20. Relation between temperature of the
luminous radiation and the oxygen potential at
the hot spot4d.

Table 6. Comparison between counter-flux-trans-
port theory and hot spot of oxygen jettD.

Counter-flux-transport theory Hot spot of oxygen jet

Fe evaporate in oxygen atmos-
phere; Fe vapor and oxygen
stream are at the condition of
counter flux

Experimental conditions are sta-
tional and quiet

Fe vapor movement are possible
to observe

Constant temperature of 1 600 °C
(P#o=10 Pa)

Couter-flux condition is also

achieved with CO; atmos-
phere

Outside of oxygen jet are CO
gas atmosphere and CO flows
out very rapidly

Bath are vigorously stirred, hot
spot is at the condition of
emulsion

2 000~2 600°C
(PRe=5/102~3/10 Pa)
Fe fume are possible to be de-

creased widely by addition of
CO: to oxygen jet

— 12 —
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1000 -

N

\Kthn \L A’ .,
100 - \(Cﬁln/Crl\rn‘n :—_0.5) “\‘
,ng .h‘- ."
Theoretical N\ | Wa o
maximum evaporation I~ S aqa
rate constant for Fe \

—
=3
{

Luminous \
radiation ,
| temperature 1 |

Evaporation rate constant X103, cm/s

b.p. \
P ~.. A B Theoretical maximum evaporation
of Fe [\~ \
K

X rate constant for Mn
\‘ ‘e o
\ « Ko
L)

s ‘N ‘\
J”nptoth;x

B’ \
\ =, l430C

| Fig. 21. Relation between tempera-

3.0 3.5 4 4.5 5

Luminous radiation temperature { /T(K™?)Xx10*

¥FT S LT SMEEE by, o CO HEra.
X @ge o — 20 BHABOTRETHDHZ LD
Hert_z—knudsen—Langmuir KRS EEL BN, #HD
RKE77 o 7 AIX

a'Pg‘e'r MFe -

= (S veeeinceneneeae (18
fre o 27RT (18)
K0 G5 e cevereeeeeenns (19)
K2, — a-Pyeyre | Mpe L (20)

p 27zRT

THEINB., T a: BEER 7 EERE
Mge : kD5 F8, C:EKRBRED Fe |WET a, 7,
G rl L. Fe-O ROOFETFIC LA REEED &
HIRR LT HIREN 2000°0C L ELFRTHDLDE
B A LB,

—75, Mn 0L Tix, R 4. Warp 5 X
#uE Fe-Mn RCHIE L7/ Mn OZERIBAOERY
RSB X o TEREN D ENBEEhAR Y 7 »
7 ARFTHHER A RDI. BROBER X OTHRAD
BEEEN R DD, EREEROBR LEFREF
OWRIDOIBAHERT A LR TH, REELLT
YDOWRT Kun=Kpe=K3. & U7, Fo KRRER
¢ Kumn* Cia=mK3,  Ci, (m=[Mn]syp./ [Mn],e) &
T5. DX >RLTRDE Kie & Kyn (B A-
A" % Fig. 21 iR,

FAY v ADFERIGES THHDOTHEDOER e AR
WA HEELTRARDOBRERZETT5Z E083FNT
bbb, BOERRE7 S 7 A Ko XXEESREEHRT
KERERH 200°CETT LIV H /21D
CERRDONL. BRY = v VREHTARENT S
= L RRRAR RGN S X AGHITEIBRERSR E
xhis.

5.5 6.0 ture of the luminous radiation and
’ ) the evaporation rate constants for
iron and manganeset?,

AT Ty Vo XALr ZADERD KL LT FA
BB L, EREBEELY 7T et @R
BIK), S5 ALV THERIELKEE A —3—-3F
y 7 &R, EREREON AREHRL TTHE
BETo50 3 AREHIhD L LTS,

5. BRMEEOXVSAVRH

NEF S L EFE ST 7Y v 7 REARELE
Licrv 7Y v 7 FAL ARERL TR & R
DAV IA4VHETERHREL TS (Fig. 22). Zokik
CIXiEvry 7Y v 7EENOH 40m BEh BT ER
BLL ICP ALY =viY, YV avicds
AVIAVEHTHIENTE S,

BRSBNERC L CHEENKRY v 7Y v 7 2RI
T 574 ARFHKREOWTHFESNED bhTWw5. /M
B SN IERE A % VKE & BEBOBO A — 7 KB X
DR LB FeT AT H A AT D)V IRID
BRI FEHER IR BETIHEXREL V5.
FLRABCA - 7 RBC LY RELICKEA T T 4 A
N7 A A XD ELTTEDERRLI.

HASE () Dz~ ey v AL DEET ADRAL
o b DERER A # VEREFADERETOTNS. ~R
FPYHFARBRO= VSV, vIaY, TAI=9LE
IO AERIGELTZORDBETIIF ARD AT A ¥
RERTS. chboo~5 1 Frak ICP s sh
CREEAH SRS, 150kg EBRFICKSWTAHES o —
Te7aavh 10voly o HCl % AL v P 7>
2 vV LEEER X, ICP SHckd 5 2 h Loy
DHKAHEIEREC LD ROOhIELBE, BH
ML b BIFTHOR. TOHFREE VUL EERS D~
v r AL OBEBENLRE LRSS,

JHIZ RS (BF) O3 k2 & VW HRAMRE Y —F — - &
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Sampling device

Transfer line

" ~=/
/r b

/7

N '(i;/\'. (((y Hot metal runner

il

— A BE LRSI ETOTAHY 5S4 v ER L
TWwh. RE, vVav, =viHy, DABIOHREY
FFIZ PS5 & EDSETREC, Fh oo FHERRE K &
RIF7cBEAHL T 5. (KR FF s 2 ek Ll
WHEHEA R I7RBEL TEDOE - 2 HoHaTo >
Vavdd v 54 vaieERL TV,

BHESOIBE v+ —DOWELEBEL T E T 5
N, BFHSERTHESL A5 YFOBEERT v v LD
BMERY Fi ER L. TDw vy — ik TUODREE
EELTWA., 1) BHREMEECLE R ZrO,-gmoly
MeO BeiEtha Bv5, 2) HHGCERETHV 5,
3) BEBICL BE-B4EY A5, 4) Bghi0E
GBI ERE Y BV S, o v — %)l sek
(KR FHERBRAT OB B\ W CER U REER, B
v —i3 3 EIO Mg oORIFERK L 157 min, 235 /¢
X 1 Bl gk ©78 min DRJRIE S T & 1.

FHHE D & BTG (KR B v Y = v e v — Bl
ROEBHEYEBL TS, ia=T7EBREXH
M FORBL LTI, SO, OEBRMN —FELAD LS
By 2HLYREELCEIEERELL, chievarz=7H
HEMEARBMEY DT 5. 5T 5 LEIERE BkS
DY 2 v

(FREESH) +20 (B gE) =SiO (BIBM) - vovveees )
OFEEENLL, ERERE/ B/ BEBOBREDER
PREETIES HARC KT S v ) =2 v IiEE4L MEY
CHAHZENTED. ZOFERBSHFPDO ) 2 VEE
DEH, BRAA v OBEILESEIBHIE D B R
5.

| 6. BHSAS |
EBREBLEZOHACIERINIOFA L ERIBH D
oA EERS.

BERINIFMEBICKRO_BEOPHRELZHFH L T
5.

ICP emission
N 3¢ spectrometer

Fig. 22. Schematic view of the
industrial application of UFP-ICP
system to direct analysis for silicon
determination of hot metal at
blast furnace runner4d,

1) JEBfh T Cooia s Wk

2) BRIGEOMIREIE & EEHMIROLEL

ORI S EREE T r v ALK E AR EIR R
e 2 ENREEIR S,

TAI =Y ADEBCEVWTT TRERBIN TN B
KD BREEEEC BT, FOREIE SR BRS & i
FTAHZERLIDOTI TR T WA, ZD X5 hHRDOEE
FHECRBWTII A2 A -F— L FOEMIC IO ER T 5
LHKRMEE . ZOFEEBBEBEOSHECIIBFL TV
50, BEWERCEELBCGEERS JOBVEELE T
5EBICEIAETH Y B OERLIThis .

B OSNIH L\CERSEEE & L CEREN & B
BrHimT s Lo THMEBAEEZE, =—21
MDAy X\ CBE - ST 5 FEEHE L T
W5 BEECEBTLRRME CHENRETHL. O
g0 RHEIX Fleming oiEFoEIthy, HEN
% Fig. 23 ird. HRBROY BRIGEBO L EEL
LEBOWERLEBET . BRKIVENOS R LS
MECAERATD L5, A bEHT 2BHEBOK
BE2Ed 5 A LERKE M3 5. Bi-Sn-Zn £4

@ DC current @

supply®

Heater Thermo Cooling
‘ couple gas(N,)
® :‘:*gj¥ =2/
oltenl<
N 1
Electrode
Nozale Pob Solidified (Cu)

piece  metal
Fig. 23. Principle of horizontal electromagnetic

casting using direct electric and magnetic cur-
rentss?),
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(BSAlS - 130°C, #pe : 8.7 x 108 kg/m3) % Fi\ TR
HE 07T, B 6~4.5A ZHIMT5Z L2k h B
TeREROBERY Tmm 0 —NdfsEE X .

BEHKE R BRI S BT ETERCKS. 7Y —
VAR AOBETIE Y — v RFEREE 7Y —v o=
ANF—PPET, IR E—A, =L 7 brV-E
— A&, L—¥——a, BET 7GRS GIRE
fB-RBHNSHROCDOT ORI NAL I LA D,

7. EEEREHERN

ALY o7 - F e AT 4 v FIEE G &l
BEEL L R H T r A THY, ZOHEORREC
I O DRI S & T - BRR L TR 2 &M
DETHD. FTOXD2HNALY » 7 F 4 A & —
DRG0 B

1) 10~103°C/s D@ EiE & 2l D BB SR L O
MRS 2 DEBORE ’

2) BEETRNEALY » TOEZB IV 1 12
— b DBGE T v A DK O] REH:

RFEWM, “HAT VUV ARBIOEREZE7 L IFAF
MOUMy HBERHER < — v ¥ BEHEAR 20, 10, 5,
2 FXO lmm) HEALT, 2SEEC L HBEMEE
BB EHBEELEHEL .

PEAREE © KFEMO X 5 @S VBEAM LB L TV 58
BEEBEEIC IO CEE 1009 ~4 71 F B> B S
ha., CoRAEBEFATAIZ LI, RRe 2 v
&4 SRR B X7 e e ACHRLE T X B ATRENE
NHBH. TRBREOBR Y KEANRTZZ LICIVIR
EoEVER ThRFOEBEBLIZ LN TES.

HAEOMS 0 —MAT v v AT, o-r HERE
NaBBEC X o Mgl Xh, 2x102°C/s L) Eoo AHE

ETIRE7 = 54 +BHHOEKEI B SR 5.
b . ZoMRIATXTCoMBCEHEIN
fohy, 103°C/s DU TORERE ClEMEEMSE L TIAR
THTHB. L UERET v 3% FEO L 5 HE
BYETHMCRE W TRAAREOR a-r BRELFIM
LR BBOBMMIEEITS 2 ENTE B, Chxh
E-BEi3 20 LIk k7 e v A TR X h foHElFE
BERS IESRIR & M EOMBN B Hh DR H 5.
REGBEYUFT CTHEEEIR TSRy braf L D
BRELZD e A+ 75 2% Fig. 24 i3, KE N E
Z 8mm LUTFTHDH I EREIN5.

S5EMALZ Y FDARy b &V F A I ADF FRER
K 0.893 L3huF 25mm DO BEEL T I TLA L
FTARCOa A ANEETE, SEFLAL v FTIEARA

l ﬂ:ductiog ratio=o,39)3
thickness ot tandem § stands,
of strip 251 I/
to be cast V%C
(mm) sk T
0 A I
60% 40%
30+ ' corresponds to A & D
[}
: l‘ coils for cold rolling products
frequency 201 b
% h
I
10 [ coils for hot final products
! 2, B,,C
’1’ | /?rn’-ﬂ'"\l at
1.2 3 5 8 10

thickness of rolled products(mm)

Fig. 24. Histogram of thickness of hot rolled
products at one of major hot strip tandem mill
and thickness of strip to be cast.

Table 7. Researches for strip casting technologies with pilot plants in Japan.

Researcher M?;Il;éne Sn&lr[x)":;ze ltems of research Steel grades
NKK3D Twin roll 100w & 400w | Paraffin model study (shell formation & heat transfer) C-steel
Al-killed steel
Casting : V,=40 m/min max Stainless steel
Improvement of surface quality
Kawasaki®? Twin belt 30¢ X 100w Steel belt with high speed thin film water cooling, insert nozzle, pinch roll | Stainless steel
Casting : V,=1.9-4.4 m/min, k=18 mm-min~1/2
Sumitomo®#’ Twin belt 40 ¢t x600w Measure heat transfer coefficient by simulator Al-killed steel
(Hazellet) Study on structure & behavior of solidified shell
Nippon Twin roll 300w Rolis with different diameters Stainless steel
Metal5 4 Casting : 300 kg/heat, Circumference velocity=20 & 30 m/min
Study on slab quality & mechanical properties of rolled products.
Surface temperature measurement,
NRIMS5 Hazellet 50 ¢ % 250w Steel belt with water cooling (1 mm thickness) fixed side drum. Spring steel
Casting : Machine angle 20°, V,=2-3 m/min
Mold : Graphite lubricated
Tundish : Opened two holes
Waseda U.5% Twin roll First step : 1959-1969 roll angle=45° Cast products
Second step : From 1980-V,=12-15 m/min Stainless steel
Si-steel
Mild steel
Kobe57? Twin roll 1-2¢ X270w | Spheroidized fine graphite particle Gray cast iron
Brock type | (pretest) Stationary water-cooled copper mold (3-40 mmt?), 40 mm thickness 0.8%C-steel
corresponds to chill brock caster, under 10 mm thickness to roll type
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BT 20 E TR A 0.666  CAlfEC 454 Bt 8
mm BINEIF EAETRCD 2 A A BETX S, Fi-
APV oy T F e AT 4 v 7EMAEECHE ETREE
BEGREC X ) BIEREIE bR & LIt b,
BEENTEBIh VSR EEEED (=,
MCX B -BARE Lo C Table 7 i3, 2hb
DA ry FTFFTVED E—AF AHEEBES IR
Kk & By HHECBRBEMEL LS. Thbbo o T
BRI THLKBE—LV FEH & 7 A2l exic D
T K ¥y KTE & TRl I - TTEIRE ©~ = A D= it
5 ‘ZER OBDDL. AT vEEYEAThE=ES
T DR B B BEMOBTIRE, * = Ah ADRREX
TR ERIE b0 LRI IENE LS.

Fig. 25-a) 11 v v, + AOKPEFSEEE (HORI-
CAST) o - FAOEIGREZY RS SEACKT 5
BEE > = VOBENL A 3 — 3 =1 X b BIREIC TR,
Ry bT 4 78—V vy o VEETANIS , 2
D VREELREBRIEORS. Tv—27 - Y v I7EAD
FY - RV ORI r v 2A%RHFRT 5 1
DORKP BB THD. ALY o 7T F 4 AR — % 52
MIEABEEBRO—DE LTIBMT — LB T
D X 5P ORI BB TR B Eh 5.
ZE 7 RN KO RACTR EnTe> = AdiE — 4 F
MR Ehtcy = VEBEETH EEEIE U CERE
KMaxFEeEe T 5 (Fig. 19-b)). hboBhlkoiedicit
SE[/ORA D OEEEE, WE), > - ABREETS >
Ta b= VIR L BENIOHEALE L I, EIE
PSRRI X 0 BRT A LERD .

ARV » Ty AX— L7 m e ADERLEE K T
HHDTHDHD, TOHMEERIRALDI I 7l

a) HORICAST (HCC for billet)
shell

stream
hot tear
oA cold shut

copper mold

b) Strip Caster

stream
nozzle.: stagnant
A7zl ¢rzzz777

discontim}{y of lap \_crack or
solidification break-out

copper mold or
steel belt

constant velocity .

Fig. 25. Conception of “triple point”, mold sub-
strate, solidified shell and refractory nozzle, for
a) HORICAST and b) Strip Caster.

BT (194%), S50 48 HEt

ChER S [k X ATRE IR E RS A B R e B W 5
FOMBICE D STz LTl h.

8. EUFREMBMICIT 255

v, HE7e EIREE R R CERE Mt Ry
CRUBFHCHERLTE 5. BRESME I AES
DR & RRFCHMBEHEOHE T B & LW iGBw B
LTkb, Table 8 CEAEDEEMEIEOIEE % h:9
5.

RO E B R L 0 EEFEST 1983 £ 19054
Ttinh 1984450 20220 F t~, F7-%F0 EESIT
7801 Tt A 9250 F t N L #EL TE T\ 5. DRI
DBERTIE, HA-_—2LLTo Midlex & (&
D 52%) & HYL @k ([ 39%) »i&tko 90% &% 5
W, AR —AD 4%, By Lk H s Fior 3w x %
LOTHS. 58, REAREEOHM~OHEE =L
¥ —{Hi#% DO WEE L & & b DRI 4B L <
bDEELZOLRD.

P ToO BB REERRT 2H LV RE T
Bah X5 LT vwb®, Nucor Steel i+ Intersteel
Technology #:5 “Consteel process” PEALTREKE
K RHE L CHRA 2 5 » TERMBEHCLLS>E LT
Wh. FRIC XX Sm BEEROBLFIIN 10 2 H B
THE IR T, 500°C FEIEAY, 4R 7500 h o ik
BT 430000t DHMFAEES) & 72> T\v%5. MVA/L 34
7o b D H SHEEE fEkED 1.10 =R L T 2.00 (500°C
FH) LvbhTws. FitiRAgeL < DC 7 7
BESFDHEA L Thin-Slab-Casting FifFOBERIZ & b
A Z, Midi-Mill o RBECET 5 BRI K E .

1984 fEi i) % 1ISI P35 E o 4 &t BOF s
287.7T HH t, BXFE 129 5 5t (4 EH X 2.7
%) ThaH. BHOBESFOHMt $r HMEROR L
bDIXLTD &Ry Chr HA 298 LGt (27.7
%), USA 28.5 575t (33.9%), 12V 7 12.7 85
t (52.8%), A=14v8F\Ht (60%), FEFr4 > 7.7
(25.9%) e &
i oTw5. :

Table 8. Recent development in electric arc
furnace steelmaking.

USA Midi-, Mini-Mills
Consteel

D-C arc furnace
Coated electrode

Thin slab caster

Bottom tapping

A-C plasma arc
D-C arc furnace
D-C plasma arc

D. C. DRI-EAF mini-mill
Electricity demand controle

Serap preheater
Trend to flat rolled products

Europe

Common
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The key to the future lies in doing more effective,

rather than more expensive, research.
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