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Prospects for Coal-based Direct Reduced Process
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Kobe Steel has developed coal-based direct reduction (DR) technologies, such as FASTMET, FASTMELT
and ITmk3, where carbon composite agglomerates (pellets or briquettes) are placed on the hearth to be
processed with Rotary Hearth Furnace. This paper outlines the features of each process, status of technical
development and commercialization. Furthermore, the paper surveys the contributions of these technologies
for environmental compatibility and security of raw materials, which are becoming critical issues in the

world steel industry.
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Fig. 2 Reduction mechanism of carbon composite pellet
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Fig. 3 Process flow sheet for FASTMET
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Table 1 FASTMET commercial plant specification

NSC NSC NSC
Hirohata | Hirohata | Hirohata
#1 #2 #3

JFE KSL
Fukuyama | Kakogawa

RHF feed rate (t/y) || 190,000 | 190,000 | 190,000 | 190,000 14,000

BF dust BF dust
Raw materials BOF dust|BOF dust|BOF dust USt 1 BOF dust
BOF dust
EAF dust
Product application BOF feed |BOF feed |BOF feed| BF feed BE éz eEOF
PP DRI DRI HBI DRI
DRI
RHF outer dia. (m) 215 215 215 27.0 8.5

Operation start Apr.2000|Jan .2005 Dec. 2008 Apr. 2009 | Apr. 2001

K2 EICHE 24 2+ O
Table 2 Anaysis for DRI and zinc dust

(1) Dry ball and DRI analysis (Wt%)
T.Fe M.Fe FeO C S Zn
Dry ball 50.0 4.3 17.7 11.1 0.29 0.33
DRI 72.9 56.2 16.9 0.2 0.44 0.009

(2)Secondary dust (Wt%)

Zn T.Fe

Dust 63.4 111
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Fig. 4 Test furnace at Midrex technical center
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Table 3 Typical chemical analysis of charging hot-metal
(%)

C Si S P
4.3~4.7

0.15~0.30 0.030~0.060 0.090~0.120
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Table 4 Prediction of total carbon unit consumption for pilot plant and commercial plant

500 T T
£ 400} 1
)
= 300+ .
=
2 200} x
£
7
= 100} il
(=]
&)
O 1
Pilot Plant Pilot Plant Commercial Plant
(Cold DRI) (Hot DRI) (Hot DRI)
|
Pilot plant | Pilot plant Comﬂggdal
(Cold DRI)| (Hot DRI) GﬁtDRD
DRI temperature i@ 25 800 800 Energy saving by
Hot metal production rate t/h 1.1 1.7 67 hot DRI charge
Coal+Coke breeze kg/thm 1008 798 707
Coal for RHF ko /thm 547 517 509
| Coke breeze for melter | ko/thm 461 281 198 <
Oxygen Nm®/thm| 415 237 206
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Table 5 ITmk3 plant specification

Kakogawa dMesabl pﬂ.o t 1st commercial
ilot plant emonstration plant
P plant
Location KSL Northshore, Hoyt Lake,
Kakogawa works MN, USA MN, USA
. . 1999/8 ~ 2003/5 ~ _
Operating period 2000/12 2004/8 2010/1
Capacity (t/y) 3,000 25,000 500,000
RHF diameter (m) 5 14 60
1900 Stable Fe-C system -1,600
1 800 e \. - Il Il Il Il
K ﬁ\\hqmd ‘ ‘ ‘ BF
1
€1 600 ™\ ITmk3 | | 140
o I T~ Laquid L
5 r iquid |~~~ +Graphite |
2 7 | | pastwEr [rFLiquid phite{1 200 o
£ 1,400 i ] 3
= o
£ i ~ 41,000 €
~+Graphitt B
& 1,200 e ] =
GasDR | | =
G D] I | Ja0o
1,000 2('7 ]
@ «-+Graphite 1600
800 L
00 05 10 15 20 25 30 35 40 45 50
C (»)

6 Fe-C IRREX]
Fig. 6 Fe-C phase diagram

K6 7AT7VFTy MK
Table 6 Iron nugget specification

Metallic Iron 96~97%

Carbon 2.5~3.0%
Sulfur 0.05~0.07%

Size 5~25mm

K7 74757y oM
Fig. 7 Iron nugget shape
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Table 7 EAF dust, DRI and crude zinc oxide analysis

(1) EAF dust analysis (Wt%)

TFe | Zn | Pb | C | CaO | SiO, | S cl
?iuslt 31~33[17~19| 1 3 | 3~4|4~8| 04 | 1~2
%‘lszt 21~25(26~29| 1~3 | 3~6 | 2~4 | 3~5 |04~0.6| 5~7
(2) DRI analysis (Wt%)

TFe | MFe | Zn | Pb C | ca0 | S0, | S
%“Slt 46~53|40~46(0.7~24| 0.1 |5~11| 5~8 | 9~13| 0.6
1;“5; 42~50(35~41| 1~4 [01~06| 3~15 | 6~12 | 8~14 |0.6~10
(3) Crude zinc oxide analysis (Wt%)

TFe | Zn | Pb | C | CaO | SiO, | S cl
Du?# ~0.2 |64~70| 3~4 | ~0.1 [01~02/0.1~02| 04 [5~38
Duszt# ~0.7 |57~62| 4~6 | ~0.1 {0.1~0.8[0.1~02]02~05|9 ~ 16
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