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Utilization of High VM Coal in the Reduction of Carbon Composite Iron Ore Agglomerates

Hidetoshi TANAKA and Takao HARADA

Synopsis

: Since high VM coal is inexpensive and deposits are abundant all over the world, the use of high VM coal is highly desirable in the carbon

composite iron ore reduction process. However, when high VM coal is used, deterioration of DRI strength will occur. In order to solve this

problem, different carbonization conditions were applied to high VM coal and different agglomeration methods were tested. As a result,

when the non-carbonized coal was used and iron ore/coal composite briquettes were made under high pressure, high strength DRI was ob-

tained. By this method, the porosity was effectively reduced in the carbon composite agglomerates, internal heat transfer was improved, and

sintering of reduced metal was promoted.

Key words : RHF; agglomeration; direct reduction; ironmaking; coal; composite material; iron ore; physical property.
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Fig. 1. Coal price trend.
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Fig. 2. Acceptable coal for FASTMET Process.
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Fig. 3. Relation between DRI metallization and required
DRI carbon content.
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Table 1. Chemical analysis of iron ore and analyses of coal.

Iron Ore Chemical Analysis (mass%)

TFe FeO Si02 Al203 CaQ MgO P TiO2
Hematite ore 66.17 1.59 4.38 0.76 0.07 0.04 0.03 0.22
Coal Proximate Analysis(mass%) Ultimate Analysis (mass%)

Ash VM FC S C H N [e]
High VM Coal 8.5 41.1 50.4 0.99 71.3 5.1 2.1 12.1
Bituminous Coal 9.5 18.6 71.9 0.21 81.2 4.3 1.0 4.0
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Fig. 5. Size distribution of iron ore before/after grinding.

Table 2. Chemical and physical properties of carboniza-

tion coal.
Carbonization
Items unit temperature
low high
Proximate Analysis mass%
Asho LN 139 |- 157
Volatile
Matters | f__. 145 |, 08__.
Fixed
Carbon 71.6 83.5
Total 100 100
Ultimate Analysis mass%
Total
Suphur_| 067l ..079.
Carbon [ {... 742 | ¢ 818 _
Hydrogen | _______ Il .. 323 ) ] 1.02
Nitrogen 242 1.15
Total 100 100
Higher Heating Value J/g 28820 28000
Size Distribution
by microtrack 74 1 m>% 75.8 61.6
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Table 3. Raw material blending ratio of pellet.

Coal Coal treatment Iron Ore Coal Binder Slaked Lime |Target C/S*
(mass%) | (mass%)| (mass%) (mass%) =)
Non-carbonization 65-75 35-25 1.6 5-6 0.8
High VM Coal [Low temp. carbonization 75-80 25-20 1.6 5-6 0.8
High temp. carbonization | 74-81 26-19 1.6 5-6 0.8
Bituminous Coal [Non—carbonization 78.5 21.5 1.6 5 0.8

* In order to control slag basicity in the DRI melter, slag CaO/SiO2 ratio was targeted at 0.8

Table 4. Physical properties of dry pellet.

B *

Coal Coal Treatment Appa;’;;l::;jnsmy Co(r::./g:;"z:)gth D"Oli(’tii’:;esr;g‘th
Non-carbonization 1.628 5.3 6.3
High VM Coal Low temp. carbonization 1.975 1 2.2
High temp. carbonization 1.902 0.8 1.73
Bituminous Goal {Non—carbonization 1.911 1 1.74

*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.)

Table 5. Raw material blending ratio of briquette.

Iron Ore | Coal Binder Slaked Lime | Target C/S"

(mass%) | (mass%)| (mass%) (mass%) O
Non-carbonization 68-73 32-27 5 5-6 0.8
Low temp. carbonization 75-78 25-22 5 5-6 0.8
High temp. carbonization 77-81 23-19 5 5-6 0.8

*See table3

Table 6. Physical properties of briquette.

Apparent Density [ Comp. Strength | Drop Strength”
(g/cm3) (kg/Briquette) (times)
Non~carbonization 2.1 33.1 16
Low temp. carbonization 2.2 18.2 4.8
High temp. carbonization 2.4 15.9 1
*See table4
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Table 7. Raw material blending ratio of tablet.

Iron Ore Coal Binder Slaked Lime |Target C/S*
(mass%) | (mass%)| (mass%) (mass%) (-)
Non-carbonization 70 30 5 1.6 0.8
Low temp. carbonization 78 22 5 1.6 0.8
High temp. carbonization 79 21 5 1.6 0.8
*See table3
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Table 8. Pellet and Briquette physical properties before/after reduction.

Before reduction After reduction
. . Apparent .
Porosity Shrinkage Density Metallization
(vol%) (vol%) (g/cm®) (%)
Pellet
) Non—carbonization 41.0 37.8 1.43 98.6
ngf;a\]/M Low temp. carbonization 38.4 20.7 1.54 -
High temp. carbonization 47.4 21.8 1.51 >97.3
Briquette
High VM Non-carbonization 23.3 344 1.72 99.1
% | Low temp. carbonization 354 * * -
oa High temp. carbonization 31.7 -5.7™ 1.41 99.0
* Not detected due to large swelling
*% Minus figure means swelling
50 . .
Coking Coal High VM Coal
45 (bituminous coal) (sub—bituminous coal, brown coal, etc.)
= 40
= ————
835 — 1
> i Q /o)
e
g Q
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5 —&— Low temp. carbonization
0 -+ High temp. carbonization

10 15 20 25
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Fig. 9. Relation between tablet porosity and tablet forming
pressure.
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Fig. 10. Relation between DRI compression strength and
tablet forming pressure.
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