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HBI Production through Coal-based Direct Reduction and Its Application in Blast Furnace

Hidetoshi TANAKA and Takao HARADA

Synopsis : In order to reduce CO, emission and cope with the shortage of agglomerated ore due to the use of low-grade iron ore for a sintering process,
which are key issues in the ironmaking field, it was proved that direct reduced iron can be manufactured using comparatively cheap fine iron
ore and coal, or steel mill waste as the raw material. By using coal-based direct reduced iron, hot briquetted iron (HBI) which has sufficient
strength for blast furnace use was manufactured in the demonstration plant. The use of this HBI in the blast furnace could contribute to re-
duce CO, emission and dealing with the shortage of agglomerated ore.

Key words: FASTMET; RHF; agglomeration; direct reduction; ironmaking; coal; composite material; iron ore; physical property; environmental control.
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Table 1. Specification of pilot plant.
FFEEET 2 L ORI E , FERORBBELA~Y 24 IO,

R . U = RHF Hearth diameter 8.5m
BANOXIEEHB L LT, ME/HAKEOOFHES Z Hearth width 1.25m
DECFERTRIGITM E BT X8, ZHUSPEOBEREIC B Sumer__ S
BRSO T s EORIBEANFEEL L Ty 312, Off-gas treatment Mist cooling
. Heat exchange
ZOBERO r1u SRR ST & A R Venluriscrubber
1238 T - T JE - S Hot Roller diameter 1.0m
B LR R SHEEIERE LTRRT s ZeT, Briquette |Allowable feed temp. 800°C
%W’T“@ CO, féﬂhﬂﬁk JFo‘ S UM A RIRTE B Z L IZHE Machine [Motor power 200kw
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Fig. 1. View of Kakogawa pilot plant.
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Table 2. Chemical and physical analysis of iron ore and coal.

Chemical Analysis (wt%) Size (wt%)
Iron Ore TFe Fe304 Si02 Al203 Ca0 MgO LO! -74um
68.8 95.11 2.06 0.57 0.55 0.44 0.71 88%
Proximate Analysis(wt%) Ultimate Analysis (wt%) Size (wt%)
Coal Ash VM FC S Cc H O -7T4 ym
9.5 18.6 71.9 0.21 81.2 4.3 4 80%
Iron Oxide  Reductant Heat Flue Gas
Concentrate (coal) Recovery

Refractory Lined
Container

Rotary Hearth

Dust
Collector

Burner
Fuel

Furnace

Hot Briguette
Machine

Fig. 2. Schematic chart of process flow.

Table 3. Phisical property of green pellet and dry pellet.

Green Pellet Dry Pellet
Moisture Moisture Drop * Pellet
content(wt%) content(wt%) | Strength(times) Size (mm)
11.4 0.2 14.4 19.1

*Drop Strength:To drop one agglomerate on the steel plate from 450mm height and to
count the dropping number without collapse. (Do not count the drop at collapse.)

Aalihcd
—

EBARE LT, SiX Table 2IZ/R L 72w 0 & A4
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Table 4. RHF & Hot Briquette Machine operation condi-

tion.
RHF
RHF feed | RHF ave. | Retention | RHF diff.
rate. temp. time pressure
(t/h) (C) (min.) (Pa)
3.0 1,350 7.0-9.0 -190
Hot Feed
Briquette | material | Feeder Roll Roll
Machine temp. speed pressure torque
(C) (rpm) (MPa) (N-m)
658 86 16.5 378
OEEE PN T, 10O HBL % Smi & 25 30, &

X 12mm DM EIZE T B THIEL /-,
AFEN—ZDRI%Z 7Y 7y MEEFICHEEHENT 254
Dk - TR o R8T A& B2 5 72 0 i itk % 52
fa L7z, WEBEABHIIZRR N - ZAHBIE KRRHF A X -2
DRI & HW 7z, Bk skg® 79 2 F o 2 BEICANE
A (FEXHEE 71.7%, SEHEE 720, AN E 4mm
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Fig. 31TIERIEIZ Y ¥ T U 72 50MDETCEENL & b D
il % OfFEEEBBEE T2y b L7, 16mm”2 5 20mm
DORIEDOEB T 20keg/p P 5 60kg/p DIETEB L T 5,
—ARICEREOBIMBYFE TELE L 2O RN — 2 ETT#k
SE»ETH 5720, WEHEETSHPEETZ 55,
T¥M % RAF CIRIFNTON—FOREBERS XL v bDE
BOETEROZIHEBARE -2, ZOXS BWEDON
%v%%ibé’&ﬁh#oto%nﬂﬁﬁéﬁﬁﬁﬁm
FTARLDIZEBET v TO-DIZHBILALETH 5,

Fig. 412 iﬁﬁm¢&$§ﬁ®ﬁ%%TT AL AV 5
RKEVWEDOGRILEE L2 FEAEMESETKTTS
AR NS, EBEILEIO%EE 23ER T X 54N

Table 5. Product quality of Coal-based DRI and Gas-based

DRI
ltems Coal base DRI | Gas base DRI

Metallization (%) 91.0 92.0
Total Fe (wt%) 85.8 92.7
Metallic Fe (wt%) 78.1 85.3
C (wt%) 3.0 1.1

S (wt%) 0.08 0.01
Gangue (Wt%) 7.54 3.60
Comp. Strength (kg/p) 421 52.0
Porosity (vol%) 65.6 62.1
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Fig. 3. Compression strength of individual DRI.
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Fig. 4. Relation between DRI productivity and metallization.
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Fig. 5. Relation between HBI drop strength and carbon
content,
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Fig. 6. Relation between HBI drop strength and metalliza-
tion.

Table 6. HBI property from iron ore and coal.

Apparent Absobed Porosity True Drop strength
density(t/m®) | moisture(wt%) | (vol%) density(t/m°) +38. 1mm(wt%) | -6mm(wt%)
5.35 1.37 12.48 6.12 90.9 3.7
Chemical Composition (wt%) Met. (%)
TFe FeO Met.Fe T.C Gangue
85.5 15 71.8 1.85 8.41 84
| I L T
30mm c
L2 1
= 0.9
S —©— Coal based-DRI
208 \:\ —@— Coal based-HBI
547 m —0— Gas based-DRI
£ N
<06 ©
Q
[}
5 05 L 1 L L I

10.0mm

Fig. 7. External view (a) and macrostructure of cross sec-
tion (b) of HBI.
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Fig. 8. Reoxidization under atmospheric condition.
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Table 7. HBI property from steel mill waste.

Metallization % 80-85
Carbon wit% 2-6
Density t/m® 4.2
Comp. Strength t/HBI 5-7
Drop Strength +38.1mm wt% 85
6-38.1mm wt% 11
-6.35mm wt% 4
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Fig. 9 BF operation change in using HBI.
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BAE TS L Table 9D &S 12k B,
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0.20/t-HBI D CO, Mk 23 Blig T & 5, 7272 L, HEEAHI
Wb BISERR A 2 L AFWS Z L IC K AEAES LA
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Table 8. CO, generation from unit process.

Sinter Plant Iron Ore HBI Plant Dust HBI Plant
Production Capacity (kt/year) 5,500 710 120
co, co, co,
generation generation generation
, . (t-CO,/t- (t-CO,/t~ . . (t-CO,/t~
CO, generation i i i 2
2 & Unit Consumption Sinter) Unit Consumption HBD Unit Consumption HBD
Coal 2.717 t-CO,/t ) 382 kg/t—HBI 1.04 40 kg/t-HBI 017
Breeze 3.251 t-CO,/t 46.3 kg/t-Sinter 0.15 0.00|
LPG(COG) 3005 t-GO,/t 7 159 GJ/t-HBI | 0.10] 4.19 GJ/t-HBI 0.25
Electricity 0.951 t-CO,/MWh 31.9 kWh/t-Sinter 0.03 85 kWh/t-HBI 0.08 116 kWh/t-HBI 0.11
Recover Steam 0.278 t-CO,/t ~36 kg/t-Sinter -0.01f -776 kg/t-HBI -0.22
Total CO, Generation/t-Product 0.17 1.00 0.47
Total CO, Generation/t-Fe 0.31 1.17 0.81
Product TFe(%) 56 85 58
*1: LPG : 50.232GJ/t
Table 9. Expected CO, reduction by using HBI in the BF.
a b c d
GO, Reduction | CO; Generation | CO; Reduction Total CO,
Mine Site Consuming Site at Sinter Plant at HBI Plant at BF Reduction
(t-C02/t-HBI) | (t-CO,/t-HBID | (t-CO,/t-HBI) | (t-CO,/t-HBI)
(Base Case) Sinter Coke Plant
(TFe:56wt%) Hot metal Base Base Base
> (S Pt joep [ ]
(1)HBI Production in Consuming Site HBI
(TFesgowty) | Coke Plant
Hot metal -0.26 1.00 -0.76
- [ HBI Plant | —»_ (=0.17%85/56) | (From Table8)
(2)HBI Production from Mill waste
M|II waste HBl Coke Plant
(TFe 58wt%) Hot metal -0.18 047 -0.49
HBl Plant (=0.17%58/56) | (From Table8)
(3HBI ProCducltton in Mine Site HB[ Goke Plart
(TFegstu) Motmetal | 026 0 076
Iron Ore =l | HBI Plant — (=0.17%85/56)
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