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Development of New Ironmaking Process Comprising Shaft-type Reduction

Furnace and Cupola-type Melting Furnace

Tomio MiYAZAKI, Hideyuki YAMAOKA, Yasuo KAMEI and Fumio NAKAMURA

Synopsis :

The new ironmaking process, named SC process, has been developed, which is characterized by the divi-
sion of two functions, reduction and smelting. This process consists of a shaft type reduction furnace and
a coke bed type melting furnace using a large amount of pulverized coal and oxgen gas blowing,

Through operation tests with a pilot plant of 8 t per day in production capacity ; SC process has been
technically verified to be consistent as an ironmaking process.

Based on the operational results of the pilot plant, a commercial plant of 2400 t per day with following

features was designed.

1) High productivity, 2.5 times as much as that of blast furnace.

2) High heat efficiency, competitive to blast furnace.

3) Wide use of non-coking coal, as much as 70% of total coal consumption.
Key words : ironmaking ; smelting reduction ; two stage process ; shaft type furnace ; pulverized coal ;

oxygen blowing.
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Fig. 1. Concept of SC process.
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Table 1. Raw materials used at the melting furnace.
a) Fuels
Proximate analysis (%) DI Particle size
FC VM Ash Moisture . (%) (mm)
High quality coke 86.8 1.9 10.8 0.5 93.5 20~50
Low quality coke™ 86.9 1.8 10.7 0.6 86.3 0~50
Pulverized coal 52.9 34.6 9.6 2.9 — —200 mesh >90%
* Non-coking coal=56%
b) Reduced iron
Chemical analysis (%) Particle size
T.Fe M. Fe FeO Ca0O SiO, AlO;  MgO (mm)
Reduced sinter 73.4 71.6 2.3 13.0 6.8 2.5 1.2 10~25
Reduced pellet* 65.7 55.8 12.7 6.7 5.8 1.9 1.6 10~25

* Produced at Wakayama works by rotary kiln
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Fig. 3. Results of the coal combustion test.
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Table 2. Results of the melting furnace operation.
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Items Case 1 2 3
. Reduced Reduced Reduced
Reduced iron sinter pellet pellet
High High Low
Coke quality coke quality coke quality coke
0, (Nm3/h) 255.4 254.0 240.1
: Coal (kg/h) 275.0 271.0 268.4
Blowing Vosh gas (Nm®/h) 907.6 901.5 910.9
Tf*1 ¢C) 2309 2316 2141
Tgmperature("C) 9?2 838 880
CO (%) 4 57.5 57.1
Top gas CO, (%) 2.4 4.3 3.5
H, (%) 19.2 17.8 19.5
Production rate (t/H) 8.1 7.5 7.5
Gas flow resistance K¥(MKS) 2024 1710 1410
Coke (kg/t) 443 475 431
Fuel rate Coal (kg/t) 819 868 864
Total (kg/t) 1262 1343 1295

*1: Gas flame temperature by Ramm’s equation

Table 3. Raw materials used at the reduction furnace.

Raw materials

Composition (%) Size

TFe FeO SiO; Al03 MgO CaO Moisture| (Mm)

Sinter-1 58.8 4.8 4.9 1.8 0.9 8.9 0.4 10~25
Sinter-2 57.3 6.7 5.3 2.0 1.2 9.7 0.4 10~25
N. Pellet 66.1 0.8 2.8 0.6 0.1 2.5 2.5 10~25
A. Pellet [66.4 0.6 1.6 0.4 0.4 2.5 2.5 10~25

Table 4. Results of the reduction furnace opera-
tion.

Clean gas Dusty gas
Sinter Pellet Sinter Pellet
Rate (kg/h) 557 567 1293 1303
Ore T. Fe (%) 58.8 66.1 57.3 66.4
FeO (%) 4.8 0.8 6.7 0.6
Rate (Nm3/h) 742 743 1117 1097
Unit (Nm%/t-Fe) | 2266 1987 1507 1267
CO (%) 4(15.6 42.0 49.7 47.2
CO; (%) 4 4.6 11.1 9.6
Reductant | pj "oy 212 23.8 8.3 8.1
gas H30 (%) 4.7 3.3 2.5 1.2
Ny (%) 26.1 26.3 28.4 33.9
Temperaturg (°C) 878 841 790 770
Dust (g/Nm?) — — 4.6 11.1
Rate (kg/h) 446 410 1107 1075
Reduced | phq) 95.8  96.7| 60.4 2.5
tron —5 mm (%) 4.0 0.5 3.9 —
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Fig. 4. Hanging observed at the reduction furnace
operation.
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Fig. 5. Shaft efficiency (r) on the Rist diagram
obtained through reduction furnace operation.
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the connection operation.
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Fig. 7.. Result of the connection operation test
with using sinter.
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Fig. 8. Result of the connection operation test
with using pellet.

Abhs.

3:5:2 HARKERKS

BRESRFEORES % Fig. 7,8 IR

Fig. 7 3 BEHS 8L, Fig. 8 RV M2 fEHL-BES
ERLTVEN, WTFROBA LLEREIER S I,
POFTHICBR E N BB S .,

ZIT, BRESSHEH S N TF B TR OBITE
i 60% LLT ERWEIZZSTWS, La L, AREg
THAAHIIZ CO, REOONBLEIE NS HHL AR LD
2, BRIPCRILS O S RBRBITT SN DO TIiE R <,
—, HTABILHIKERLTVS,

WiTE A A 2 KT 8472 Fig. 8 D&M F 05F 4
BIXEMELS 2O TVBA, ThREBET S L ICHAR
FRTEA AR D CO, bMML T 5. BEREE LT
&, Fig. 6 L3I L, HFEHI ZBELEKL SE-H
AREME, BB OMEIC BV CHBARER L D TWD,

VL, BRERRERBROE, R8gEE b~
VAT AELTHM LS LSRN, T, Y
SREE LTI, REBREOBSN,S, HREH IR
TMLTHBRS LI EREHRE L, ARIEHRTEY 2
TEEBINEKT SEHIEINET L & HHBH L.

4. % =
4-1 FEERFBPOBSIRET

HEREE 2400t/H L HHE L, RBREZI BT AT

BEHAFOBERNTF - FEIL 7.

Table 5. Assumptions at the design of SC com-
mercial plant.

Ttems Plant | 2400 v/H plant Pilot plant
Productivity (t/dmS) 5 3~5
Volume (diameter)

Melting furnace (m3) 292 (6.2 m) 2 (0.9m)
Reductiogl furnace (m3) 189 (5.7 m) 1.30.75m)
Total (m°) 481 3.3

Heat loss

Melting furnace (Mcal/h) 3700 160
Reducing furnace (Mcal/h) 1 800 85

Hot conveyer (Mcal/h) 2500 80
Gas duct (Mcal/h) 1500 140
Total (Mcal/h) 9 500 465
Melting furnace

Coal/O; (kg/Nm®) 1.2 0.8~1.4
Flame temperature (°C) 2350 2 000~2 500
Top gas temperature (°C) 600 450~900
Reduction furnace

Shaft efficiency (%) 95 >95

HifR %M % Table 5 (2R
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Fig. 9. Material flow sheet of SC commercial
plant.

Table 6. Operational indices of SC commercial
plant in comparison with a blast furnace.

Items Process | Blast furnace SC process
Productivity (t/F m®) . 2 5
Volume (m®) 1200 481
Melting furnace (m%) — 292
Reduction furnace (m3) — 189
Diameter at tuyere level (m) 7.5 6.2
Gas volume at tuyere level 1350 834
(Velocity) (Nm®/1) (0.85 Nm/s) (0.74 Nm/s)
Fuel rate (kg/t) 487 520
Coke rate (kg/t) 427 218
Coal rate (kg/t) 60 302
Oxygen (Nm®/t) — 227
Air (ng/t) . 1100 187
Blast temperature ("C) 1130 —
By product gas (Mcal/t) 1122 1090

APt CHRRRE /ML S B 720, SFTEY R BEE, #h
1= Rl A R W v - (WA

R, a—r A% 1t R ETHLOXLE LTS AK
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%A, 7, AREASE LTEFRRHI— 2 2T IEkE
B % 10%, ARESEE G E T — 2 X O

Table 7. Heat balance of SC commercial plant in

comparison with a blast furnace. (Mcal/t)
Blast furnace SC process

Heat input — 3899 — 3749
Coke (kg) 427 3040 218 1552
Coal (kg) 60 436 302 2197

Hot blast (°C) 1130 423 — —
Heat output — 3899 — 3749
Reduction FeO 461 1619 FeO1.461 1619
Pig (t) 1 731 1 731
Sensitive (°C) 1500 308 1500 308
C (%) 4.5 384 4.5 384
Si (%) 0.5 39 0.5 39
Slag (kg) 292 122 296 124
Top gas (Nm®) 1720 1222 | 1034 1146
Sensitive ("C) 170 100 160 56
Latent (kcal) 652 1122 1054 1090
Heat loss — 162 — 95
Dust etc. — 43 — 34
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Fig. 10. Features of SC process in comparison
with a blast furnace.
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