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Injection of Reducing Gas into Blast Furnace (FTG Process)
Takeo YATUZUKA, Kazuyuki NAKAYAMA
Kazuo OHMORY, Yoshiaki HARA, and Masaaki IcucHr
Synopsis:

Since the lack of coking coal is a serious problem for steel industry, various studies have been carried
out for saving coking coal, such as the way of decreasing coal consumption in blast furnace process, the
research and development of formed coke process and of direct iron making process etc. Among them
fuel injection through blast tuyere is a very effective process because coke is directly replaced by
injected fuel, and recently coke rate of 360 kg/t level was obtained by several blast furnaces under
fuel oil injection of approximately 100 kg/t in combination with the oxygen enrichment. However,
the capacity of race way is limited as gasifying chamber to burn injected fuel from tuyere. In order
to save coal moreover, it may be a good idea to produce reducing gas from fuel oil outside blast furnace
and to inject it into blast furnace.

Reducing gas injection - processes have long been subjects of investigation, where reducing gas is
produced from fuel by cracking in an exclusive gasifying chamber and is injected into blast furnace, and
recently reports of some performances with actual experimental equipment were published. On this
subject authors have carried out several fundamental studies such as investigation of reducing gas
production process, estimation of the effect of reducing gas injection by a mathematical model of blast
furnace, examination on mixing of injected gas inside blast furnace using air-CO; model, and plant
engineering for dealing with hot reducing gas. As for reducing gas production a joint research has
been conducted with Texaco Inc. who has many experiences in this technology.

A commercial scale experiment (FT'G process) has been carried out using a blast furnace of 1691ms3
inner volume with which a Texaco-type generator of fuel oil gasifying capacity of 5 t/hr was installed,
and the following results were obtained; -

(1) Partial oxidation process was considered to be optimum in order to produce hot reducing gas
of high reducing power from the available fuel oil.

(2) Cok saving was 0°9~1-0 kg per gasified fuel oil of 10 kg when hot reducing gas was injected
into lower part of blast furnace shaft under following conditions;

Fuel oil rate injected through tuyere: <70 kg /t
Fuel oil rate gasified by FTG process: <30 kg /t
R.R. value of injected gas: 6~8

where; R.R.=(CO+Hy) /(CO;+H,0)

(3) The fuel oil gasifying system and the hot reducing gas transfer system were kept under
good conditions, and the blast furnace was operated smoothly.
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Fig. 1. Relation between oxygen excess ratio and

replacement ratio of oil-to coke.
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Fig. 2. Relation between oxygen excess ratio and
Y value® of flue dust of blast furnace.
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I. Clemical reaction considered in mathematical model of blast furnace.

Indirect reduction by CO
Indirect reduction by H,
Carbon solution by CO,
Carbon solution by H,O
Direct reduction by C
Decomposition of lime
Evaporation_of absorbed water
Water gas reaction
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CCy+C=2CO

1 H,0+C=H,+CO
C+FeO=CO+Fe
030032002+Ca0
H,O(1)=H,0(g)
CO,+H,,=CO+H,;0O
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Table 2. Operation data of reducing gas

generation.
Feed rate of heavy oil kg/hr 5000
Product gas rate NmS8/hr 16 000
Charge rate of oxygen Nm?3/hr 4100
Charge rate of steam kg /hr 800
Gas temperature in generator | °C 1 500

Gas pressure in generator kg/cm?-G 2-1

Reducing ratio 8-0
Product gas composition

% 435

H; % 455

COQ % 3:5

H,O % 7-5
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Fig. 12. Profile of Hirohata No 3 blast furnace
and level of reducing gas injection.
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Fig. 14. Conditions of the blast furnace operation
in test 1 (data : decadl)

5-2 BEAOETH ARALABRRER
5:2:1 EF~ORITLH 2RAHRRIEE OHEE
EICH AWGABALE I EE AT £ 7 VIRET SR IC D h
I, OR% BT 5Dy, BIFOTES K THOE
SHBRR, HEDTHIKAALTEFABTHOWRKL, -
BRNTICET 5 LT H ARIA L DEE L IR A B 23
BT D ZORDVEERE, PRERHOREL &%

— 76 —

-

-



HIE~DEITTH ARBZIIT 2T 633

> Decadal

| 2 ) 4 S (s
L ! | I |

FTG no injection ~>)<- Injection

L

<

8 — 110 O-~0Woio

% 3\2 o]
(] 100

wn

& 92

- o o

o 2 o o) ey O
-3 ~

] 90

70

+ L~ =X
5232 60

€ a~ Fellet

wy

L E S0

g o 92 =

— 0 o]

By ?3\, o o_._-o/
cs 30 O
n

. E_ 5 O e O T3 o===0
[:5)

252

n o 0

Fig. 15. Conditions of the burden in test 1(data :
decadal).
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Fig. 16. Results of the blast furnace operation in
test 1 (data : daily).
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Fig. 17. Results of the blast furnace operation in

test 2 (data : decadal).
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Fig. 18. Conditions of the blast furnace operation
in test 2 (data : decadal).
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Table 3. Operation data of blast furnace.

Test Test 2
Item Unit
Base Gas injection Base Gas injection
Iron production t /day 3970 4045 3272 3442
Coke rate kg/t 4863 477-0 4604 419-3
Oil rate from tuyere kg/ t 34-7 32-1 60-0 675
Fuel rate kg/t 5210 5091 5204 486°8
Oil rate from FTG ke/ t 0 13-5 0 29-6
Total fuel rate kg/ t 521-0 522°6 520-4 516-8
Blast volume Nm3/ min 3 100 ~ 3076 2676 2638
Oxygen enrichment Nm3/ min 678 64-1 36-2 367
Blast temperature °G 1 046 1024 1 034 1 046
Humidity g /N3 20-0 17-9 22-3 16°0
Slag volume kg/t 268 272 279 282
[Si] content in iron % 065 0-65 0-70 0-68
Sinter + pellets %, 64-5 659 69-9 70-1
Coke ash % 10-7 10+7 11-8 11-6
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Fig. 20. Results of the-blast furnace operation in
test 2 (data : daily).
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