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Current State of Iron Ore Smelting Reduction Technology
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Fig. 2. Hoogovens No. 3 blast furnace conversion
to CBF.

Table 1. Operation results of the Corex Plant at Iscor Pretoria Works.
Item Design Jan. 91 Feb. 91 Mar. 91 Apr. 91 May 91 June 91
Hot metal produced t/month 25 000 26 345 24 847 23189 29 417.8 29 354 29 261
Hot metal production rate t/day 963 869.2 887.4 828.2 729.2 914.6 975.4
Hot metal analyses : C% 4.3 4 4.36 4.3 4.17 4.41 4.48
1% 0.8 0.7 0.33 0.269 0.334 0.155 0.295
S% 0.07 0.13 0.046 0.062 0.059 [~ 0.071 0.053
P% 0.1 0.13 0.156 0.146 0.148 0.153 0.156
Hot metal temperature °C 1470 1417 1461 1456 1449 1454 1477
Slag rate t/thm 0.42 0.5 0.504 0.554 0.466 0.516 0.536
Consumption rates : Ore kg/thm 1500 1401 1457.8 1496.3 1505.5 1517.3 1559.6
Coal kg/thm 1200 1067.4 1133.2 12454 1262.8 1206.6 1242.3
Add’s kg/ghm 340 417.6 483.7 498.4 498.3 471 501.8
Oxygen  Nm®/thm 670 754 616 752 694 653 696
Plant availability 85 89.68 90.63 89.72 83.90 94 .31 94.29

Lumpy ore : Sishen, Thabazimbi
High VM. coal : Delmas, Wolwekrans
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Fig. 5. The AISI Direct steelmaking.
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Fig. 7. Smelting reduction furnace in U.S.S.R..
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HEREHE : 4~40 thm/H

A: M (thm/H) 15.0  30.0  45.0 Fobg - Foesk 8m
(thm/m3- B) 2.6 5.1 7.7 IR oeeeee P& 2.5m, & 2.0m
#4F A 7 A 4 (kg/thm) 1970 1960 1940 2 G2 \EIRREE iE4.0m, % 4.0m
A % (kg/thm) 1050 710 600 G EER R R : 50~ 300 Mcal/m?-H
3% (Nm®/thm) 933 765 708 (3 7 A HEHEER ] 68 )
224 (Nm®/thm) 314 153 99 3:5°2 X ¥ aDEREITTE?? (IMIS &)
2 7 7 (kg/thm) 490 460 440 1986 4F 11 A% HIRFRIO 6 t IRLRTCIF MO /3 A
7 A b (kg/thm) 110 100 90 Oy PREEEFRB L. AFaTEMERFELZY
BB : 4.0~4.8% C, 0.01~0.10% Si b, EEBTRRRTV AT KREBICLELTLZE, B
0.05~0.15% Mn, 0.025~0.060% S BIBEOBEEFNH & KT 5 EFIASEIRNC B
0.05~0.12% P SUBFEIEKLEBELETAI LR LOBEHMS

ERERR TR TTH (T RIRBER 2~96% ) AOREFENBICILZHEBE SO L ZAOAEET-> T
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Table 2. Futures of coal based smelting reduction processes.

Process DIOS COREX CBF HI-Smelt AISI U.S.S.R. IMIS
Pre-reduction | Circulating Midrex type shaft | Shaft Circulating HyL type shaft — Two fixed bed shaft
furnace type fluidized bed/ (Modified BF) fuidized bed

bubbling F. B.
(Temp./PRD) | (800°C/20~40%) |(>750°C/ (>750°C/ (>800°C/ (>800°C/ (—/84%PRD)
85~95%Met.) 85~95%Met.) <30%PRD) <30%PRD)
Smelting Iron bath smelter |Char fixed bed or| Twin bath smelter | Iron bath smelter | Counter current |Iron bath smelter | Converter
reduction fluidized bed Iron bath smelter
furnace type
Post (40~60%) (<10%) (<10%) (>45%) (>40%) (2~96%)
combustion) Gas reforming Hot air blast
with addition of
coal
Iron ore Fines and Lumpy ore, Lumpy, Fines Pellets, Fines Lumpy,
granular sinter ore, Sinter, Scrap Sinter,
Pellets Pellets Pellets
(Coal) Non-coking coal, Anthracite, Non-coking coal, |Non-coking coal |Non-coking coal | Non-coking coal |Non-coking coal
Lumpy/fine coals | Bituminus coal, Lumpy/fine coals | Fine coal
Lumpy/not fine coal
2 PLE&EOBRIRR £ i~ T & 2, B8O HEEE

Fut Z0WEKIE Fig. 8 @N T, 1 0% HE
YEEAZHAZ Sy FERT A 5 2 RoREBFiETH
ERO->TWhH., BEOHERFRT, BHLrESLL
LTEALLHBAR Y D% 10~15% ML —HFHRA
LCEFOALREBH PR LT . ZORIBEHRD
REREISLT, C2~4% DEIEELIEEE, C2%
LT o THEEZITY, InE 10~ 170
TR L TIERDBEHELIEN @O Lcs, HMSkE
LERLICEHTFL— FVICBEY. BTHREHREEBELRN
FRICARETWGAAR, BRERET S L L LI CO, H,
DEVIRITH A % 8% U CFBICIE~NES.

R4y ST OBRERRO—BIE TRIIRT.

Test Test | Most recent IMIS modified
A B process trial

Final carbon (%) 2.12 1.27 0.024

Final temp. (°C) | 1456 | 1523 1592

Initial charge (t) 7.0 6.3 6.2

B OBRERRECIEEMICEALEETHS., &F
RIS 2 BSOS IS SR I BA L 7R e ot
ZELCHEBESND,

3:5:3 Av—7r, BH, FE%LZEOEMEICHE

AW x—F 2BV Tid$ T2 ELRED?, INRED®
$ £ U Plasma Smelt'®E %2 SR SR, £ < Oy
BHTWBD, BAOIRATERLIZL Ty, EE
Tid POSCO E#EHE 70 27 b & LT 1990 E55
Gl TH D, TERRENE FH&E Y & iRMIED
BEfETFe oflaeTth, FHERITHEAEPOK
Adk, BB S50t/D LD L THAD. FETH LB
TR TIEH 508 NEMET L Es Db D %
HELTWwWAEDZ LTHA.

Table 2 12, BAZEEMA &L BT % Fig. 9 (SR 1.

4. DIOS EZDEBRHAKRE/N1OY b
75 MIHE

BARKMER Tz, 1988 F 4 AH» 5 "TAKREEFA
Bk (DIOS), D% % @ E & O A i Fl A Bk B
WEIE %S, BFA—H— 8OOSO b & IZH R
ke (B ARFABREG Y & — o —H ML E)
L OEEFEEIT-o TS, O Tak 2 EEFEHEICE
B3 — 7 ZFOEMERE LT, Akt EHEFEHRT
HIEEFHRE LTS, SREA BB L 2 ER O
MERHREMGL Lv v 7 ME (BEB) PR H»
SUERENBXLVENS Z L IZHHATHAH, oMz
TTIKHEZLLTYWS LWL, A CTFHETH
(PRF L WEED) W ELA %N T4 L CEHTEE 2 i EE
& L7z, ERGEICIF (SRF L REEE) iRk oFiHETT
BABIVARTEEFHT L - L oMk 8L L
7z. ¥ 7: SRF » 5 3ET BP0 ZiEE 34 1600°C &
PRF O@IEEE L Z2 515 800~900°C X ESwo
<,
M. THADYE %175 &% (GRF LBEEE) 2 HLAL
kL7
4-1 ¥ A7 L

VAT ARRENE, WEBIUBNT X REIET AR
HNEFINTIT- 72, R % Fig 10 (23, EBREL
(800 kg-coal/thm) THR¥EWHE 2 &P % 1 Btk (SRF
D &), 2B (SRF+ PRF) XU 3Bk (SRF +
PRF + GRF) IZ2oWTR L7, 1 BETIE RS
[Post Combustion Ratio : PC & B&Ht, PC = (CO,+
H,0)/(CO,+ CO+ H,0 + H,)] % 55% LLEizL 7
BED AT B, BEHEMEISETLKSICHHETE
LHRVBROPLHVIRY, WA Sl EEET
LZOADEREL D, 2.3 BREICBWTIE PC T 5~
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Process name 1988 1989 1990 1991 1992 1993 1994
(Nation)
@ Dpios Element study (5~ 100t)
(Japan) Pilot plant study 500 t/D
| | | | 1 |
350,000 t/y
@ A1s1 *88/Dec. 4 °90/June 5t/H-PP study start Demonstration
(U.S.A) plant
| | | | | |
I I f 1 f 0
® CBF S e e T T T
(UK, Netherland) 88 ~ ’93: Modified Ijmuiden No. 3BF (100 t/D)
+—— | | | |
@ HI—Smel? "84 ~ '90 3t/H-SSPP 91 ~ 92 ’93 ~ Test operation
(Australia) 100 kt/Y-PP (Kwinana)
[ | { | | |
\ 1 i 1 T 1
@ POSCO POSCO’s Project "90/1 National Project
(Korea)
| | ; | ! |
1 T I 1 1 i
® USSR, ’85 ~ PP study 90
1 | i | | |
1 | i T 1 I
@ COREX °87 Start ’89 ISCOR (40 t/H, 300 Kt/Y)
(Germany, South Africa)
{ | Jd | | I
Fig. 9. Schedules of R & D on smelting reduction process.
Heat transfer efficiency: npc = 90% T T T T T T T T T T
100 v Y 2.0+ (kg/cm2 G) | 00t o]
o o~ ..'. e A
[ single combination ‘éé g }(5) : R ".“'
Double combination e “ Ei . “e ve seemy ]
& 8o [IUTINIIE Triple combination mE= 0 (S) g — 07 07>14 14219 1
~ 3
5 ! & 3000} (Nm'/H) 1
P 60 |- : s g 2,500 I R oo
F 1 Prereduction- e 2,0001 R R REEEE .
';' H impossible S8Z 1,500t > :
(=]
§ 40 - : Point W 1,000 .
2 AT\ _3 16f - i
: g5 1 R ]
201 High fuel Point M o st o . N N
rate zone B/ 3 . ggg 4+ ey vt
Coal ratio: 800 kg/t - ; 0 -
0 1 )  — 4 TOF e
0 20 40 60 80 100 =g 60} 4
Post combustion ratio (%) § ] g sob . . "._..- Coet e
. : . 882 4of P T e .
Fig. 10. Range for smelting reduction process to P B 30 *
operate with low fuel rate (800 kg/ton or less). 8 100} -
:%§ S0 . . . ® e « vy d
25% OEME 35% LLEOHIRE TRLTAHI Lk b SER  70f .
5, BIEIC BV TEIFE I E O FRRTTATER 60 10 15 20 25 30
N7BED AR T 5. k3 5 ERWFCH R 2 S Hl Test numbers
— A0 LHEE ASATEH b S 3 2 3 e . .. .
T5HEPCA0~60% OHHI/HLLEZXL) THAS. Fig. 11. Effect of pressurization on improved post

4-2 BXHEER
EEMERRE L SHMBEI LT LOTUTICE
7.

4-2-1 SREERGR TTHEMN

(1) RIRBER & 335 B R 0 [R] IR AT

combustion efficiency.

NKK, #ITiE 5t SRF & X7 ¥ FiiERE

PRF o L T—E%E%, EH 2kg/ecm® G RifOME

MR HDIIHEL Fig. 11 OR+#EH/. MET S
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% & @ 5 78 4 (1992) £ 7 5

KD A ARENET LARSESH ET B E &1
TR B X HFEBRIHE [Heat transfer efficiency :
Noe EWERL, Mpe=1— (PEHTABRFABBED A — /S~ —
ME)/(TREBBEC X > THRELALBR] AALET S
ERMERALZ. EASRE-EETIREREPOICKLS X
I 7 o#HRibIc LY PC & g, & ATEBRICH LT
LB % Fig. 12 0@ DR L TW5h, FraRfgk- 1
Tix SRF O A4 — V7 v 7I4E ) FIE S O & x5
FEFREIC L CAESAIC LS SRF BhER %17 7-.
KT B LIk PCOKIBLETFT2ERA S 7
7, PCBIU 9, LHIET 5 &4 CIREETREL
Rl #5875,

(2 )RR

FEF M EF N— AW LT b/ y FHEE
BAERRDLECTH A, —FF R ICiENE 1L E el
L-EETHAD., ZOMAEEERET S0, NKK-

1001

90F

80

70“With sideblow 0] =’

A |Without side blow O,

30 40 50 60 70
Post combustion (%)

Heat transfer efficiency (7pc) (%)

Fig. 12. Effect of side blow on improved post
combustion and heat transfer efficiency.

100 T T T T
L)
L G) n®

90 o0Aa .
< o0
&
=
% 80
8
&
T 70r -
2
g Q | High volatile coal: Type A
s 60- @ | High volatile coal: Type B g
é’ A | Medium volatile coal

5o M | Coke

Oxygen flow rate = 1800 Nm3/h
Furnace pressure 2 1.5 kg/cm?G
40 1 i 1 |
0 20 40 60 80 100

Post combustion ratio PC (%)

Fig. 13.

Effect of coal-contained volatile matter

on post combustion ratio and heat transfer effi-

ciency.

BTy A4 =7 F—HU X 58k 8
EIETO—HBEFICERL 2. RKEOHBFICLEL
A7 7 EEREFNICFERL THSE- %17 2T
LEHeIRED B % 1572,

(13 )— ik i fsE P A

Fig. 13 xRS (V.M.) ® PC BXU 7,
NDEBERLLEDDTHS., B V.M. RTHE PC-
B e (286%) PHERTEXTBY, BEMHEES L%
ATVAHHEEOR V.M jRid+oFHCE2REL %
7.

(4 )it KPFEEE & SR H$kT

TURBRIEIC X BAER T A (1600~1800°C) BL R
5 7 FeO (5~10%) D7t K OIEFEHSK S  FE
MEMETHAZEWRECHB L R -TE L 20X
WELT, Ly HORLEBLZMG /L T2 Ny, TR
RMLLVYTEGOREL TIFC, HEEFHID 1
FTRYERDLIENTEL., L LEESEHICHRE
L72E, KEDO N, 2 LEL L, B FEHICHD BN
ETHDLORMGELL. FlEEKE/ SRV ETAY
EOLDIERT B KEFEO—#ICR->TF 2 b L
o, BREBOTRGFZODTH 7205, VKO L%
HOBBROMREIB IO L o7, SHOEERE
ThH5.

4-2-2  FRENRE TR T

s B g% - T2 D RM KB ARBZE IO LEICRE L
7-EBRICENRE & NKK- &1L 0 sk iR o o L ERIc
b DHFIAENE & WATARER L 7. T RBEINTH LT
PO HRIE TR E IR LER, #E st
B ORBR»ITbN /. R % Fig. 14 1Rt BLE
w7 MEIIE KL R WA, WEIE T KT R b OREE
ERWVEERL TS, BKETEOLDBE ST
A7 4 v F O TBERRONL D57

BILA Z124d 50~100 g/Nm® BBED ¥ 2 F & h

100
80 |-
Reduction-
- Laboratory test impossible
g results
8 60 +a
e/
° ‘ AN °
g 40 ~.le
3 Se “H+o_
& -~
o~ ~ -
20 L4 N :v
* e t
® +
0 1 i 1 \ 1
0 0.1 0.2 0.3 0.4 0.5

_ H,0 +CO,
(OD‘ H, +CO+H,0+C01> =)

Fig. 14. Effect of degree of gas oxidation on pre-
reduction degree.
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TWBHBDT, FAEATICIZY X MZXBEET DAEL
PETH - 7. FTETIEBEEDICHERTR2TE D R b
VERE, fBllcirAkS 7L — VERISEIR AL, &
ez & RRERL .
—BOEEREORTIEF A MER»LOTFEE R
LbRLSEBEEFELNEOE, SHAOMEERDET
%72, Fig. 15 3BLIRRER LD TH LA,
HREOESD 1 T THELTWwA I Edbhb. T0D

100

After reduction

Cumulative weight fraction (%)
w
=)
T

Gl
oo
2
5

BLOBLOBEREAENB I OETHMEBERICLS D
DTHAHH, FEMLIZ X O SAMEEIHEEFHZRN H3n
L7720, EHIHEShb0EEDbRE. HEEO
ok T ENEE R, — AR A a0k B, B A
70y O—ixiEREE LT 0.0l mm LT OR-FIiEiE
TERVEVDLRTWVEDT, TOHFRIMIREL, &
MEDRTICo %255, FRICHESRED XV EEMNE
e RWEBBRLRALZE LTS, SRF ~0O% AR

0.001

Particle size (mm)

Ore charge tank

10 Fig. 15. Size distribution of iron ore be-
fore and after prereduction.

| |Cyclone
Max. 52 000 Nm®/h
at 600°C
Fine dust line <2.5 ata
Venturi
scrubber
[ ]Cyclone
Pressure
control
o valve
Receiving hoppers Al
Cooling gas
compressor

ore Max. [ZWSF 1
charge 0 20 000 |iniection
line Nm?/h | line

g1

; Raw material

Tapping line

facilities

injection

bunkers HOF Iﬁetal
weigher Fig. 16. Process flow of the
=y DIOS pilot plant.
-, = ﬁ
|56 ‘»....»glgz o/
N, booster.
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5 78 4 (1992) 5 7 &

Triple-combination process:

(%) SRF + GRF + PRF1 + PRF2)
(
«~ 40
i e
,‘f Main Test Range
5 L
L'
e
53
(=]
g 20
B Double-combination process:
3 | (SRF +PRF2 + PRF1)
s
Ay Single-combination process:
(SRF)
or HHHH - HH——
1 1 1 Il —
20 40 60 (%)

Post Combustion Ratio in SRF

Fig. 17. Testing ranges to be performed by the
DIOS pilot plant.

CHERBRLEITA A% L, PRF S0 B#ET D
DFERELHZLHEIONS.

4:2:3  AREINA A YCE A

SRF $EA ZAHIZHRBERML, £0 V.M. & CO,
BLUOHO0 £ 2RIESRT, VAOWE, AROESE
BIUTRABEETERA2L 3550 THYH, DIOS
ERAEOBWMCHS. MERM- oIy Xv—
Y—THAEMEBTHHANTCEBERBRE YT 72, Gl
BICH ARG B b, LERHRBE, &K
Fr—DOMRBLIOBE Y — VA LT 2% 0ME
/I B84 Ty T T2 MCHEARI K AR
RELTOMREERTHATFETH 5.

4-2-4 BEMEDE & L4 HORE

1988 EH 6 IEMITHO N EEMIINER HR L,
HonhlmBEeT,1ay b 77 v FREHIRM S ¥
HNERRTHDD, BOPOBELEL TS, £
D124, BEEOKRIELBEME LicFHEda B
DIEDTELIPFHEEDHETH S, 2 oD DRHIT
SRF » S8 S W5 BB A 2 0§k o AR 4% 5
A<, SRF & PRF 2B+ 5 457 FikdEticB+ 5
bNDTHhA. SRF HEF ARG % H ALE B E L CHH
T55, KEFELTEINLEEICHS S 2 L 721,
PRF o #IE 2 BANIRE (800~850°C) #1556 A F 4
TWPICERRABRERT LI THY, Ko DH
MEHLEZ LI ELTED,
4:3 NAOy bF5 2 MEHE

1993 &£ 9 ASER BREICBRE Sf1ay V750 bk
FHERPED SN TWED, Z0HM 70— % Fig. 16
2, RER#EFE % Fig. 17 (354, 3ERE#SIE 1995 48 3
AETHbRLIEILE-THEY, ZOHRESH-CE
BOT74—JEYF 14— 2551 — LBARIEFO T
ETHA.

5 #& -]

EREETLHW O BRE OESR & Bk B X O DIOS 0%
ketmiz BREL 2. ERERS A VF—0hlilh o R
Mansb e & bIZHERBEORXEICHFG TE, LEHD
T EF o 2 ERBEITTEORMER I, 21 ok
WKl TMED bEELZRETHS.

DIOS HicB T, 23— 27 20+ FRIZLTw
2500, FAOHFMUETAE* BFEBFICZCES L L
TWwh7:®, REBBICLVBLEOHCAREETH AT
BB Re i @R L L) L+ 2 NBE LR E Iz T
Wh, LA LY AT Akl LTCAZE, EE8ERTHR
LELTWwAHE, RWiCHifEcas. SBEMETIC
B TdE PC BLUE 1, OFRBLEEERD G
BBLXPARKBMITARLEO L V=T Y v 7l $
REERTY, SHROERBICEHANEE LTV S,
AISI @ Direct Steelmaking Program Ti&, KEDET
HLEBERMIERTELALEVRICEZS. 1%
E A HEORIRRIIS L TH L7 & 22k L <
WaHZ e, i) L. CoirRiticsnT
DIOS A RICEMTELHORL L #HFEL
v
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