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Oxygen Enrichment and Oil Injection in Blast Furnaces at
Wakayama Steel Works |

Shunji YAMAZAKI, Fumitada NAKATANI,

Takuo KaNO, and Masayoshi NAKAGAWA

Synopsis:

Operation data of the blast furnaces at Wakayama Steel Works were analyzed.

Under insufficient heat compensation, the increase of fuel oil results in the decrease of direct reduc-
tion, and replacement coefficient is lowered. In this case, top gas ratio, CO/CO, decreases with the
increase of ratio ore/coke, and the decrease of CO/CO; results in prevention of the decrease of re-
placement coefficient. It seems, however, that the top gas ratio is limited to certain value.

The oxygen atomized burner were used at Wakayama No 2BF. Much quantity of heavy oil was
burned successfuly even under the condition of oxygen excess coefficient (x) 1-0. (in the case of ordi-

nary type, minimum px=1-5)
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Table 1. Chemical and physical properties of
heavy oil and tar used.

Chemical composition

(%) Specific | Engler
< gravity viscosity
C | H | S |Moisture[(50/4°C) [(50/20°C )
(ija"y 86 | 12 0-18; 01 | o088 50~60
Tar 905 506 2 . 115 30
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Fig. L Opcrafional data of No 5 BF.
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Fig. 2. Relation between fuel oil ratio and oxygen
excess coeficient, p.
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Fig. 3. Relation between O, enrichment and fuel
oil ratio,
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Fuel tar ratio (k3/pig-1)

Base for calculation

Blast volume (dry) 4883 Nm3/min

Blast temperature 1143 °C
Blast humidity 25 g/Nm3
Fuel tar ratio 255 kg/pig-t

O, enrichment 0:79%
Top gas pressure 1:50 kg/cm?

Fig. 4. Calculated relation between fuel oil ratio
and O, enrichment.
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Fig. 5. Schematic figure of oxygen atomized
burner. )

(a) Oxygen atomized burner

(b) Ordinary type burner

Photo. 1. The difference of the state of flame.
between ordinary type and oxygen ato-
mized burner.

(Observation through peep window of
tuyere)
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Table 2. Example of oxygen atomized -burner operation.

Number Oil injected | Theoretical Oxygen Oxygen excess | Oy
of burners (! /hr oxygen volume| volume coetlicient enrichment
/Burner) (Nm3/ min/ (Nm3/ min/ (% /Burner)
| Burner) Burner)
Oxygen atomized 7 1000 34-2 32-8* 0-96* 5-22%
burner
Ordinary type . . . .
burner 19 476 16-3 27°6 1-53 2-15

Note : 1. Blast volume, 3500 Nm3/min
2. Number of tuyeres, 30
3. O; enrichment
for blast : 5900 Nm3/hr
for Oj-atomized burner : 2 100 Nm3/hr

(300 Nm3/hr - Burner)

4. Oxygen excess coefficient=0Oxygen volume/Theoretical oxygen volume
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Fig. 6. Relation between coke ratio and fuel
oil ratio.
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Fig. 10. Replacement coefficient vs. fuel oil ratio
per 19, O, enrichment.
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Table 3. Standard values and conversion factors for the correction of coke ratio
in our blast furnace performance.

Sinter ratio | Blast temp. | Blast humidity | [Si] in pig |Ash in coke
Standard value 682, 1 090°C 25 g/Nms? 0-502, 10-89,
. ¢ )
Unit chasrzggdzrdop‘);rlal,ltéon factor from 19 L 1°C +1g/Nm? +1-0 9 +1-09
Conversion factor of coke ratio . X .
(kg/t-pig) F0'9 F0-18 +0-9 +70 + 10

— 48 —



S

e

I BT OBPIC BT DERE

BAL & WK A 605

bR T BB E PSS VG SR ot LARIT
A.
2) EEE(LER 1~2% 0% SER BLEE ALY
(wﬂﬁ—?zﬁaﬁb)%nuxw BETILTITER
ERE(LT D, bR — 2 — OFHELET
20, CH5. COERMOTREMRIhitT —% —CbAHD
B,
FR2EOWTRE TIPS HEBRELEZ I LI
FRXERBITEITLS FETHD.
5.-4.2 EPRGETIREEOZ(L L EHR
IKEETTOMRKIC X 5 CO # Ri8ILk X CEEETO
FEHEHRIC JETESLFE TS BNTKEETO
CO # 2B E dRco LiEMZE L ORREMITL
7o, FOERLY Fig. 1l iRy
L,
CO # A ETLHAEE ARco

4 —}l/ﬂk)z\_ﬁlj COxH 7\)\_,71_1-&;”
_— &% —VIRA% CO A AEILE
ﬁ—wWﬂ”m?ﬁXEm+

— & — URARIKE N ZRTTE

# — UIRGART CO ' AR ITH64%,
IKFEH ZBICER 2 % LRE

MAE ThUE dRco WIKFETRELICH S CO R
FETLROERER LTS,

Blic77T X 51 dRco & B : ORRIE FIEHA 2
H CO/CO, (RIFEL v® CO; #FIE) TEIXHh
dRco HAREWIZEFERIFEN 2k CO/CO: AHEWIR
FEHRESE L HENSROND

-

-

I'5 T
-
° - hd
L
-
’/
7
-
€ "3 - hd ©
@ -, . »
- |- e
3:‘_3 - P

lo, ~
kY . o e . // o o
S 11 2 og.o =

-5,

o -,
€ » e -,
E’ L--° o < R
o _4"7 o g //

3 ° 1o z
a 09— 1=
« o 2115 CO/C0, o~
”’
® <1'i5C0/co, -
s s ' I ! )

-1'4 -2 -10-08~-06-04-02 0 +02+04+0%
AR,

Rco’' —Rco

Ruz— Ry’

Rco’ : Reduction ratio by CO before tar injection(64% fixed)
Rco : Reduction ratio by CO after tar injection

Ry’ : Reduction ratio by Hj before tar injection (2% fixed)
Ry : Reduction ratio by Hj after tar injection

Note : 4Rgo=

Fig. 11. Effect of 4R¢o on replacement coefficient.
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Direct reduction

CO reduction

I. Before oil injecticn

H. reducti
I. After oil injection
a. CO reduction decreased 2'=a (1-X) n=n—-nX
. 7,
b. CO reduction increased n._n,,_dn,/‘“ . n—n

Note =z : Total amount of oxygen

7’ : Amount of oxygen removed by carbon (State I)
n'’ : Amount of oxygen removed by H, produced from oil (State [ )
All amount are expressed in kg atoms per kg atom Fe

Fig. 13. Schematic expression of n divided into direct reduction and indirect reduction.
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