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Present Status of the Development of Smelting Reduction Technologies

Toru KITAGAWA

Synopsis

: Summary of DIOS collaboration study with the background of the

future status of Japanese steel industry is described. The feasibility study

of the DIOS process indicates that it can be better applied as an alternative to the blast furnace system with capital, operational and environ-

mental benefits. The features of smelting reduction furnace allow to be combined with other direct reduction process in the Duplex-DIOS

system to expand
Hearth Furnace, is briefly described. Several other emerging

the applicability of the technologies. The feature of the Duplex-DIOS, the combination of DIOS-SRF and Rotary
smelting technologies, Hismelt, Ausiron, ROMELT, AISI process and CCF or

CleanSMelt, are briefly introduced. The comparison of DIOS technology with those processes even emphasizes the strength of the scope

of the DIOS development and technology. The present status of C

the original process.

OREX process is also described as an example of further development of

Key words: ironmaking; smelting reduction; DIOS; Hlsmelt; Auslron; ROMELT; AISI process; CCF; CleanSMelt; COREX; FINEX.
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Fig. 1. Estimated domestic production capacities of lump
coke for blast furnace, hot metal and crude steel in
early 21st century.
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Fig. 2. DIOS pilot plant.
(a) Process flow of DIOS pilot plant.
(b) Smelting reduction furnace of DIOS pilot
plant.
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Fig. 3. Typical size distributions and appearances of iron
ore and coal for DIOS process.

WGAARAEH LT3, BRETCFOFEE 238
LR, FEINZBHE 2 9 7 2 EEggEp s
G5, £AT7 %5 EEH ZAREIIAHT TKEEE S
LDOBRBENAETH D, BEAAPOLZ NIty A
stk THEL, 28 4B TAMEITIF I 8n
Ll HITHEAL L, FKRIZ300kPa AT MIFE &1 CH#
(XN, ZOENCED PREITTRICEBEICFE 2 5D
REAAE#HEAT S,

PRF-13% K U'PRF-213 & 312, RESHDIEOEESA %
EEERATEEL T ) v I RIREEIECh D, KA
REIXZNRZh, 600°C ¥ K U'800°C TH 5., PRF-2 THL
HAIERENImm A ISR &Mk & 2 Eh, Th
Zh, BEEEICFOFTEL? S EHEAZ O LIRERHIZ X -
TEAXIND, PRE-2IFAN S 5 4G R TMRES 5 ok 8 A
FIFAIZERR L, BICHEEZERE T 5 72912 PRF-2 121378
HEEAH L T35, PRE-1B XU PRE2IZIEE AW 4 71
VEXUEAROESRMANE L T D, SiRIEO % PRF-1
/5 PRF-2 & HIZIZSRFNEHERICHE, BAXNh 5,
3.2.2 fHEEARSE

4 ay b5y P THEBL BRSO & QR ERE S
LE T, Fig 3lc—HlE LTRT. SRy v 4 —
T4 = F PRI NS mARESmm ORI T, HIFE
TIIBRILICAE XN B SO EEEHEHL 2, —F, AR
ISR e LR N B, JERRERSR TH D, R
(VM) BDOEZ S 7-88 AR L, B&EIZ43% TH S,
Fig. 4 12 DIOS {2 FIWT B8 2 F iR 4 0P R Fli & Hes L
TRT, HK (lignite), #¥GK (brown coal) #ffE, 1FEL A
EDREMERTRETH 5, =7 L, FERKESHEIH
IR ARIE, BER, GROFEMAMAT 20, &
BHZE DO EI IXZ AL DMBIETIZRET I L
X —OFBICIKET B2 12k 5, LT, Hikb X
U IIFF RO BT 2 W LI EHE AL VRYD



BEN L7 0 A IR L <, Fig. 4 TIZDIOS TOXMR
D 5 I2IET LT B,

3.2.3 840y FT TV RBRBEOHE

SRERIR I3 Table LIS T2 &<, MK THEEL 2
BB TCIFIF R A -V TSF v v R— V9% EEL 2K, &7
(RO TRIRBEERAL 12 KB 2 S 3L 2B AH ) 72 KPR TS
FyruyNR—VvOLHE10Fy =V, BEt7T1 e - M FEhE
L7,

fit KPR TORER TS E - REIMREREOHEAR
PR AL L 7=, 72, BMHA, AREMEERL
A DOBREREOREL EMfrbhs, FRKAaAERIC
BT, KABERMERM O &, IPRKEEUC RIT
FTREER T ORENE, bLUFRKAEERETOT oL
ZEED T I IE —NT ¥ ZFHE AT o 72,

3.2-4 EELEITCFORFEER
BYADOETIZZERERICEEDEL TS, Lzh-o
T, WERRICIF OSSR RE 1T, BUHGEEICXE S
52 &i2s%, BtHEEDR LD, FREBERET
2 DREEDRELSO & FRREA RO S RIEIZ L 507
PERFOMEIZ X XL L&, 2257
PICBFED + v PARERT 5 Z & T RIRIEBE IR K<

100 /\
IS :
x . coal for
| N Dbpios
£ :
t-1]
£
4
[+]
o

60
10 20 30 40

Volatile matter [mass %]

50

Fig. 4. Applicable coal grade for DIOS process.
A: anthracite, LB: low volatile matter bituminous
coal, MB: medium volatile matter bituminous coal,
HB: high volatile matter bituminous coal, SB: sub-
bituminous coal, BC: brown coal, L: lignite

R TR AR OB

25 S MIEEE Y 270 MEBREY v PBIUFE
25 DWGABEROBRMER IZ & D BILEOEITRIGE
RICBAA BT 2 2 L 2 HBUL L2z, T4bD, BL#HO
BT L B ITCORBRRELE T 5 —BILKBEBRE T KA
B3 BRRLAER L & X5 LODEERO Tkl 2 RE X
RRICHER T 5 2 LAl ¥ TV 5, DIOSDBERIETT
WA BB O 3PS 4 Fig. 510, EHBENRIICH S
REETTIRIFNOEE N, bLXUY VT Y IDRERE
Fig. 6 12787

Fig. 6 5FNDZ 5 7 E E T BizarhTHy, T
W27 SRBIIBBLIZIZEIRE TH D, ZRRBEEIT> T
W3 EHZIrBIEENED B 150~2000CEH <, KA
BB FE R T 2 RED S T A 5 7RI TREL Tw
ZEMHO,ATH B, YTV TORR»6E, TER
I S RBIREKR X B ZOERATREL 22 RBONSE S
ATBOEBENRSWI L, $7- EE2 5 7 BIRYAN - 2K
WIZHBIENRENTNS,

—%, THAIBE LA IBOBEEEHET S &
FhEh, 1gem®B LV 03gem®BETHD, Fv—K
FORMIEER208gem’ & E L5 &F v — KT AR
5 7 BICIRA IR, bbb FEA T VBRNICTMT %
ZEMEEAETH S, ZOEIIITHATSIEZE, £
BORNSELOER»HELEZFYr—BEFATHED, @
B 5 AT E Z D5 TRRALELDE TG 2 EARRIIC
EITLTWBZEATREL TS,

BBED 9 VNZIOTFTEHRA S VBIZEIET S EREgkPO
BRRELEOLIEF v —RTERIDT 51E0, XKBRBOD
WERFRE LR H 2 L ORIBIZ & > T—BIURESHEAE
(CRRBEOMIG) T35, L7zdat->T, ZXRRBER A M
Lxyuazwicid, BEY 2o bOBBERIEL, FE2
SOBLOTHEIHTEILIEETH S, —H, AR
IR X BRE OB KL TR ET 52, &
BIRR AL A -8 TRRBER A KT &8 5 -0 B=E
DEATRBEEATEST S, ZOBRRIE, BALEKE
BERCE->TRBORERMHAL, ZRBBEICK > TE
B L7 R /T A DB RRRIERIC & > TR RITE L X

Table 1. Major technical subjects for each operational campaign of DIOS pilot plant.

Campaign Major Technical Subjects No. of Heat Comments
R1 Tuning of equipments. 15
Establishment of SRF operational sequence.
Establishment of linked (SRF+PRF) operational i .
R2 sequence. 6 One week continuous operation.
Improvement of productivity & thermal efficiency. . .
R3 Effect of grades of iron ore and coal on the above. 8 Production rate of 21 ton/h was achieved.
R4 Continuous high performance operation 9 500 ton/day operation rate was achieved on a
SRF off-gas reforming by pulverized coal. daily basis.
. . Continuous operation of over 15 days was
RS Long term operation and process evaluation 5 achieved.
W1 Tuning of water-cooling system. 10
w23 Low PC operation & low metallized DRI smelting. 9 Effect of pre~eduction degree of ore up to
" High pre-reduction operation. 75% on the productivity was determined.
W45 High productivity operation. 9 Productivity of higher than 500 ton/d was
! Evaluation of the effect of watercooling achieved.

Campaign numbers headed by R or W denote those carried out with lining structure of refractory or of

water-cooled, respectively.
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Fig. 6. Temperature distribution and result of sampling during steady state operation of DIOS SRF.
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Fig. 8. Change in average pre-reduction degree of iron ore
in DIOS pre-reduction furnace.

Table 2. Summary of DIOS technologies and features.

ltems

Developed technologies and features

Direct use of ore and
coal of wider sizes
and grades

“Both iron ore and coal as received sizes of the order of 10mm down to several ten microns
can directly be used in the process.
-Non-coking coal of up to 43% of volatile matter contents can be used.

Linked operation of
SRF,
PRF 1 and PRF 2

~Automatic handling system of the pre-reduced hot ore in the pressurized units has been
successfully developed and shows a satisfied level of accuracy.

-Optimized charging system of coarse and fine material into SRF has been developed.
-Dust build up in gas introduction system has been successfully avoided.

—

Energy efficiency

Pre-reduction in PRF:

.Maximum 28% of reduction degree at bed temp. of 800°C has been attained.

Intensive smelting in SRF:

-PCR of range of 40 to 60% with HTE of higher than 85% has been achieved for coal of higher
than 15% of VM.

.Amount of heat losses through the water cooling system of the smelter has been reduced due
to the realization of the submerged combustion in the post combustion technology.

[Total system

.DIOS has been classified as one of the most energy efficient processes among the emerging
new ironmaking processes.

Environmental impact

SOx and NOx emissions from the process has been proven to be much less than the
conventional and emerging processes.

\7 SRF lining

Water-cooling system has been proven to be applicable to the critical part of SRF to extend the
campaign life to the satisfied length.

PCR : post combustion rate, HTE : heat transfer efficiency

17

Fig. 9. Observed coal consumption rate as a function of
hot metal productivity in DIOS pilot plant.
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Fig. 10. Comparison of layout of DIOS commercial plant
of three million tons annum with those of blast
furnace process.
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Fig. 12. Comparison of SO, and NO, emissions of DIOS
with those of several ironmaking technologies.
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Fig. 13. Commercial versions of DIOS engineered by NKK and their features.
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Fig. 14. Flow of Duplex-DIOS process.
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Fig. 15. Productivity of Duplex-DIOS.

Fig. 16. Commercial Duplex-DIOS plant of 1.5 million tons annum.
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Fig. 17. HIsmelt commercial plant planned to install at
Kwinana.
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Fig. 18. Configuration of commercial Auslron smelter.
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Fig. 20. CleanSMelt pilot plant at Taranto.
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Table 3. Comparison of emerging in-bath smelting technologies.

process DIOS CleanSMelt

ROMELT Hismelt Auslron

pure O,

pure O,

Schematic drawing
of smelter

Inert

gas gas

Oz enriched hot air coal/O, enriched air

O, enriched air
ore/coal f
injection |

d

=

capacity of pilot plant (100% iron ore basis) (100% iron ore basis)

injection A injection A
PC location in foamed slag bath in foamed slag bath in slag and top space in top space in top space
PC by pure oxygen by pure oxygen by oxygen enriched air & by oxygen enrlc_hed by oxygen enriched air
oxygen pre—heated air
Heat transfer medium slag slag slag & slag splash slag splash slag splash
. 45% 40% at smelter . 70%
Typical PC range* i higher than 70% N.A
(for high VM coal) 80% at cyclone (for low VM coal)
Hot metal production 21 t/h 5t/h 20 t/h 84 t/h 2t/h

(100% iron ore basis)

(100% iron ore basis) (100% iron ore basis)

Specific smelting

rate¥* observed with ~23t/m?h N.A. ~09t/m?h ~0.7t/m*h N.A.
100% ore
Operation pressure 300 kPa 400 kPa slightly negative pressure 200 kPa slightly negative pressure
Material ore 8 mm under fine not limited 6 mm under not limited
size coal 30 mm under fine not limited 6 mm under not limited

*: PC: post combustion, VM: volatile matter

*%; Smelting rate in the pilot plant published is normalized for a unit average cross sectional areas of slag and metal bath to characterize both heat providing and

smelting capability.
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