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Phenomena in a Blast Furnace Operated at the Low Fuel Rate

Syuji KAJIKAWA, Ryoji YAMAMOTO, Ryuichi NAKAJIMA,

Sumiyuki K1SHIMOTO, and T'sutomu FUKUSHIMA

Synopsis : . .

In order to seize the operational problems and clarify the various phenomena in a blast furnace oper—
ated at the extremely low fuel rate, Nippon Kokan K. K. had decided to execute a trial operation in No.
3 blast furnace (inner volume : 3 223 m?, blow in; Jan. 1975) at Fukuyama works.

As a result, a monthly mean fuel rate of 396 kg/t was recorded in Nov. 1981. Comparing with the
previous result of the same furnace (428 kgft, Jan. 1979), necessary heat at the lower part of a furnace
could be much reduced. Both the high reducibility of sinter and adequite burden distribution control
enabled to maintain the high shaft gas efficiency of 97.5%. As the heat flux ratio increasing, temperature
level at the shaft lowered and the three stages of thermal reserve zones were observed. The level of co—
hesive zone also lowered and its shape changed from “inverse V>’ to “V’* bia ‘““W”’ shape, furthermore some
of measured results indicated that melting line would be very close to the raceway. In its transition pe—
riod, burden desending became a little unstable, but got well again when fuel rate reduced to around 400
kg/t.

The essential hindrances to get further low fuel rate in future are seemed to be the reducibility of ore

at the short effective zone for its reduction and the fusing capacity of ore around the raceway.
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o8 Table 1. Results of the low fuel rate operation.
7819 ! 10 ¥ ] 12
Sinter 100 ./0—'—“‘-‘4-'-'*\.\ Blast conditions Furnace conditions
(%) 80 == | —a—e Blast volume 4952 Nms/mig Pressure diff. 1. 11 Kg/em®
70 =00 press. 3.59 Kg/cm€||Slip 0.7  times/D
R1 65 ./'*---"' . | N temp. 1353 °C Dust 7.7 KgsT
(%) o—eol o7 . moi. 5.6 g/Nm? Osi 042
Coke osh |2-_.—“—F=.\. .L' 02 enrichment O %

() 10 PSP Top press. 248 Kg/em?|| Hot metal & Slag
Vblast 5200 T—® o Flame temp. 2533 °C Hot metal templ4B81 °C
Nm?* 5000 = oo —e Si 027 %

: ~e—o— “O-0-—e9—e—9— ]

/mm?moo | - - Burden conditions S 0.045%

T biast oo e Sinter ratic 56.6 % Mn 043 %

e s T°* T Te—e Miscellaneous 3.4 % P 0098%
Moi 20 1 g flux 19 Kg/T ||Slog CaO/Si021.28
(g/Nma) 1o .\l./l.\.—.—'._o_._._.-._._.—_. Coke DI '3(5> 92.9 Al203 7|4'O :ﬁ’
Producﬁvilzys e -3 g e 08! mean size52.3 mm MgO 024 °/°
(T/m3*/D)20 1 g——0—0— 60— g~ o—o—0 ash 9.01 % FeO . 6

500 | S 0.78 % .S' ) 1.09 :/o
“l, e Sinter TI(S1)65.2(90.5) |[Desuifurization 84.9 %
Fuel rate?50 1 “o. | "T.\o—. o - ~5m/m4.0 %
(Kg/T), o TSN S U A Sioz 501 % Top gas
Coke rate "0\[ "]/ FeO 461 % Temperature 73 °C
(Kg/T)350 ‘o-0~<>-om|’ Mg0 1.43 % co 20.2 %
Lo PY —e_g RDL 36.9 COz 245 %
Tpig 1500 1-e :.‘~.\ / 0\._. ! RI 689 H2 1.7 A
(ccy 1480 =0-9.:9-° Slag ratio 274 Kg/T
cop o2 | l o | Others
Si /"x'(_)s S50 .E?(;—;‘:::‘( \-_?‘)(X:g-\-x-'x e I-/g:.,{:' Production & Fuel rate Shoff gas eff 97.5 %
s%xi0 30 XTTe T o x Output 7636 T/D nco 54.8
5 | Productivity 237 T/D/m’ nH2 58. 6
g:fg/SioeL O e et g o—0=0x o—."“""l\./-~ Blow off 1ime O Heat flux ratic0.915
1.20 el Fuel rate 396.1 Kg/ T No. of toppingsl7.4 taps/D
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06 < o=0-9 N Coke rate 354.0Kg/ T
FeO oo .—.T ~eo
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e —e—a- = g—%
neo (%) 50 o——0 @
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Fig. 1. Trend of Fukuyama No. 3 BF operation.
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Table 2. Comparison of carbon and heat balance.
Jan.'79 | Nov. '81 | diff.
_ | 5| core 3228 | 320.2 |- 286
K| 2 Liquid tuel 54.0 38.6 | - 15.4
2 | Lime stone 0.0 0.1 + 0.1
é Combustion carbon 227.9 205.0 - 229
5 H20 cracking carbon 4.1 4.0 - 01
8 ‘g Si, Mn, P, Ti reduction C 5.8 4.3 |- 1.5
c | 5| Solution - loss carbon 89.3 98.3 + 9.0
3| | carbon in hot metal 448 | 448 |+ o©
3 Carbon in dust a9 2.5 | - 2.4
Total 376.8 | 358.9 [ - 17.9
_ Combustion heat of C 5425 488.1 - 544
| 5 | Reduction heat by CO gas 408 42.5 + 1.7
3 £ | sensible heat of blustburdey 435.1 | 419.6 | - 15.5
,..,’5" Slag formation heat 39.6 34.9 - 4.7
% Sensible heat of top gas 54.0 32.7 - 213
: Sensible heat of hot ;nlgtgl, 450.7 | 433.1 17.6
‘s’ Reduction heat of metaloid| 29. 4 23.2 | - s.2
S| 5| Heat of C sotution-10ss | 295.2 | 330.6 | + 35.4
= g Reduction heat by Hz 18.1 14.3 [ - 38
E Decomposition heat %fumoi. 37.2 26.6 10.6
Heat loss 173.4 124.6 | - 48.8
Total 1058.0 | 985. 1 - 72.9
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Fig. 2. Comparison of low fuel rate operation

using RIST—diagram.
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Fig. 3. Transition of the pressure distribution
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Fig. 6. Transition of observed temperature, gas composition and calculated reduction degree.

Table 3. Reduction rate parameter for calculation of reduction behavior

For normal sinter

|

For high reducibility sinter

Chemical reaction
rate constant

£%%,0, — FeO

k8%, — Fe

1.36 % 10%exp (— 27 400/RT)
2.549 x 10%exp (—29910/RT)

1.86% 105exp (—27 400/RT)
3.536 x 10%exp (—29 910/RT")

Rabilins factor EFeo

€ro

0.17
0.07

0.17
0.12

[
141 o Temperature(°C)

4 Pressure( kg/cm®) |

Distance from stock line (m)

Nov. 26’81
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Fig. 7. Observed temperature and pressure dis—
tribution at lower part of the furnace.
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Fig. 8. Behavior of melting level measured by
T.D.R. cohesive zone sensor.
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Table 4. Essential hindrance and countermeasures

for the futher low fuel rate.

Essential hindrance

Countermeasures 1. Reduction degree 2. Melting ability
attained before the for the cohesive-
fusion layer
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Fig. 12.
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the equilibrium of Si,Mn,S and FeO in
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