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Effect of HBI Utilization on Blast Furnace Productivity

Yutaka Unsawa, Kouhei SUNAHARA, Yoshinori MATSUKURA, Kaoru NAKANO and Takaiku Y AMAMOTO

Synopsis : As an iron source of blast furnace which can adapt to recent high production rate operation and CO, problem, reduced iron may attract atten-

tion in the near future. In this study, reduced iron melting test was performed using an experimental blast furnace with use of HBI (Hot

Briquette Iron) which is one of the reduced irons in order to quantify effect of increase in production and reduction effect of reducing agent

rate for blast furnace.
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Fig. 1. The effect of the reduced iron charge on the opera-
tion diagram.
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Fig. 2. Comparison of influence of the op-
| erations on productivity and reduc-
L ing agent rate by the Rist model.
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Fig. 3. Outline of the heat exchange model.
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Fig. 4. The temperature profile in the reduced iron charge
by the heat exchange model.
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Table 1. Chemical analysis and properties of the reduced

irons.
Metallization | TFe [MFe |FeO|C |SiO,|CaO| Size Buk | Apparent
%) (mm) density | density
HBI | 864 914 [ 790 (15908820 |09 |30-60-100 | 2650 | 5100
PRI | 643 814 1523 |374|481)27 |03 |0.45025 | 2300 | —
Sinter | 0.0 584 [ 0.0 69 |00 |452(9.19 1025 1720 | 2950
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Fig. 6. Experimental condition for softening-melting test.
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Table 2. Operation condition for HBI melting test (planned at melt-

HBIFIFIZ & 5 BIF BB ROBRET

Table 3. Iron sources and fuels used for HBI melt-

ing period). ing test.
Case No. 1 2 3 4 5 Iron source
- TFe | FeO | MFe] Si0;| AbO;[MgO [Ca0 [POs] S | C
Burden ratio or HBI HBI HBI HBI PRI Ol Sinter | 58.42 | 6.90 | 0.0 | 452 | 167. | 1.10 | 9.19 | 0.050] 0.025 | —
injection rate 100%  [50% 25% 0% 200kg/t | 200kg/t Oe 16483007 | 00]244|1.20 | 007 | 0.11 ] 002 | 001 | —
- HBI 914 | 150 (79020 |08 |03 |09 |01 |00 0.88
Blast volume __ (Nm /h) 430.5 PRI | 814 | 374 | 52327 [15 |01 |03 |04 | 0047 481
Oxygen (Nm®/h) 122.0 0l 56.75 | 490 | 0.0 | 535 | 1.93 | 1.09 | 9.81 | 0.050] 0010 | —
N, (Nm¥/h) 120.0
Moisture (g/Nm°®) 20.0 Size Bulk density
Top pressure (kPa) 49.0 Sinter | 10-25 1720
Blast temp. (C) 800 Ore 10-26 2410
PCI (kg/h) 177 HBI 30-100 2830
PRI (ka/h) 0.0 [111.0 0.0 PRI__]015025 | 2300
ol (kg/h) 0.0 98.6 o -100mesh ~
Flame temp. () 1979 | 1865 1851 fyel
Bosh gas volume (Nm%h) 990 | 990+20 [ 990+33 T A TN 10 5 150, | A0, ] ca0 | Wg0
Pig Output (kg/tap) 800 BF Coke | 87.6 | 1.10 | 060 | 060 [ 060 | 60 | 28 | 05 | 02
Temp. (°C) 1450 Gilcoke | 98.00 | 150 | 0.60 | 0.0 [ 040 | 02 | 00 | 00 | 00
IC] (=) 0.045 Coal 76.50 | 4.35 | 1.72 | 7.80 | 036 | 68 | 14 | 01 | 00
[Si] (—) 0.005
Slag Ca0/Si0, (—) 1.25 Size Bulk density
MgO (=) 0.060 BF Coke | 15-25 530
20 () 0.136 Consomes
Viscosity (poise) 4.04

800kg (1 tap DHEE) T, HSRITEA - BE T T .
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Table 4. Operational results of HBI melting test (account of decrease blowing).

Top Charge Tuyere Injection
Case No. 1 2 3 4 5 6
Burden ratio or HBI HBI HBI HBI PRI [o]]
injection rate 100% | 50% 25% 0% 200kg/t 200kg/t
Blast volume (Nmslh) 439 427 408 432 435 431
Blast temp. (°c) 866 866 866 866 866 866
Moisture (g/Nm®) |20 20 20 20 20 20
Oxygen (Nm*/h) |87 84 92 97 98 97
PCI (kg/h) 102 117 121 127 131 131
Iron source injection (kg/h) 0 0 0 0 99 68
N, (Nm%h) |99 102 103 104 104 103
Bosh gas volume (Nm3/h) | 894 887 883 929 936 928
Flame temp.” (°c) 2004 | 1942 [1975 |1986 | 1979 1977
Pressure drop (kPa) 3.28 4.87 5.74 5.47 |5.41 5.95
Gas utilization (%) 3.2 19.5 276 30.5 25.2 26.8
Top gas temp. (°c) 540 447 401 412 | 400 394
Coke rate (kg/t) 320 324 359 444 418 479
Coal rate (kg/t) 188 227 256 301 297 350
Reducing agent rate  (kg/t) 508 551 615 745 715 829
Production rate (kg/h) 544 513 470 421 441 374
Hot metal temp. (c) 1550 | 1540 | 1510 1483 | 1450 1430
[C] (%) 4.80 4.78 4.50 460 [4.78 4.69
[Si] (%) 1.38 1.25 1.13 0.82 0.81 0.7
[S] (%) 0.014 | 0.011 | 0.043 | 0.072 | 0.045 0.041
Slag rate (kg/t) 121 172 211 265 250 276
Ca0/SiO, (=) — - 1.39 1.23 1.22 1.20

*1: The value except effect of iron source injection.

Table 5. Heat balance of test results (MJ/tHM) (account of decrease blowing).

Case 1 2 3 4 5 [}
ltems HBI100% | HBI50% HBI 25% HBI 0% PRI200kgh | Ol 200kg
Fuel Coke 10246.3 10374.8 11484.9 14225.0 13387.0 15337.0
Input Coal 5606.8 6790.7 7668.4 9005.6 8869.3 10450.0
C inlron source 206.4 179.4 1006 0.0 3538 0.0
blast Hot blast 11749 12127 1293.7 1527.7 1468.8 1717.5
Total 17324.4 185576 20547.6 24758.3 24078.9 27504.4
Sensible heat 13087 1300.1 1274.3 1251.1 1222.8 1205.7
Pig c-C 100.1 996 9338 95.9 99.6 97.8
C latentheat 1574.8 1568.3 1476.4 1509.2 1568.2 1538.7
Si0, — Si 4323 3885 3540 256.9 253.8 219.3
Fe,0, — Fe 6025 3037.6 4699.6 6799.2 5784.5 6802.0
Output | Slag | Sensible heat 2234 3151 3776 467.3 4311 469.9
CaCO; — Ca0 106.2 525 210 00 407 00
Sensible heat 1232.3 1105.6 10906 13533 12519 1429.1
Gas | CO latent heat 9174.0 8206.8 8327.1 97834 102005 114933
H, latent heat 17145 1614.3 1618.2 1849.1 1932.8 22125
Loss | Heatloss 855.6 869.2 1215.0 1392.9 1293.0 2036.1
Total 173244 18557.6 20547.6 24758.3 24078.9 27504.4
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Fig. 12. Relative production rate, reducing agent rate and permeability through the reduced iron melting tests using experimental
blast furnace.
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Table 6. Comparison of increased production effect be-
tween top charge and tuyere injection (per re-

oxygen and powder iron
source injection rates (calcu-
lated by 1-dimensional race-
way model).
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l Results of HBI melting test using experimental blast furnace

‘Verification and
Determination of process parameter

Estimation of
actual blast furnace operation
with HBI use

Fig. 16. Analysis method of the HBI use effect.

Table 7. Process parameters in the total simulator.

Sinter (100%) HBI (100%)
1) Particle diameter 1 2.7
2) Void ratio 1 0.86
3)Gas flow resistance coefficient |3 0
in cohesive zone (Commercial scale:20)
4)Rate constant of FeO—Fe 1 1.6
on indirect reduction
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Fig. 17. Calculated results of experimental blast furnace
operation.
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Fig. 18. Static pressure distribution of experimental blast
furnace.
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Fig. 19. Distribution of burdens after dissection in experi-
mental blast furnace.

IZHRISR U SR ERILABROBRED , BEH TOE
SUEPUEKIBIZE T %, RIC, HBIRAE25%DEHT
BELEIL L - BROBEFAE/ERICE DO THBIOEFE
B OWTERT S, Figl9IZZ DMREHABREELRT,
AL DRIERIG L ~IZ BT, HBIRFRETFO&
RUOZEEDBDONDB DD, BROEINE & IZITHEF
EED TS, 72, FRY Y7 I -2k DEHAIL 2P0
F07mE TOREMH D 2 # LIERIOE A, HBI &
D ERESLDIZ S BB L h 6, REEFNOHBIK T
DIERL AL, B E D B -72F 2 6h5, P



Temperature (°C)

@: Observed wall temp. and L, 200F] @ Observed Simulated m
0 500 1000 1500 2000 L |---- Calculated

T T T T T T T - —(EPMA sample of HBI)— 1
goeres e b 0 ., 0g & : Before charge - [ )
// ] [S] 150f Commercial scale (2700m3) "0 |
k3] [ 20ud/m? e ]
40“ Fe;04—FeQ g r 1
w L 1
FeO— I ]

men 100}

100F

3.01

€0—Fe (x10)
(HBI) k

2.01

€+C0,—2C0

FeO()—Fe()

Height from tuyere level (m)

& : +2.5m above tuyere

& ; +1.3m above tuyere

HBIFIFIC & % &P ESROBKE

Experimental BF | Commercial scale BF

=3

[=]

e
/

Commercial scale T
[ 515kg/ (PC/R180)

D
=3

Effect of
RAR decrease (%) production increase (%)

&
S
——

4

1.01 & : +0.8m above tuyere @120
< .
Cohesive and melting zone of sinter 2100 e—===%ag
0.01 - Melting zone of HBI g 80 Cormmercial sosle
L, (Calediated) (observed by dissection investigation) £ 60 ~o ]
00 20 40 60 00 02 04 06 08 Where. T+ Calculated gas § 40
. . . cre, sasl alculated gas temp. ] , , ) ) .
(ﬁﬁ?‘ﬁt/ﬁl;/:;t:) o: gﬁ)g:e(rx:;t;on [ Tliq: Calculated liquid temp. 20 0 20 40 60 80 100

Fig. 20. Estimation of in-furnace behavior of HBI by in-furnace sam-

pling, dissection investigation and calculation.
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Fig. 22. Estimation of HBI use ef-
fect in actual blast furnace
(simulated).

Table 8. Melting start temperature of HBI and sinter.

Softening-melting test Experimental BF
[Assumption of permeability in commerciat BF] [Estimated]
Size Softening | Melting Load Melting Load
HBI |10-15 mm | 1200°C 1280°C 1400°C
25-30 mm | 1320°c | 1478°C (30 - 100 mm)
98kPa 9.8kPa
Sinter |10-15 mm | 1100°C 1490°C 1400°C
(10 - 25 mm)
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Fig. 24. Effect of metallization
ratio on HBI use effect.
(simulated)
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