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Abstract

Thetemperature control technology of the thermal reserve zone is examined as a technology which
drastically improvesreaction efficiency in the blast furnace, and the usage technology of high reactivity
coke and C-composit agglomerateis proposed. The adiabatic blast furnace simulator which isableto
simulate the temperature transition and the gas volume change accor ding to the coke and C-composite
agglomeratereaction under ore and coke coexistence is developed. Following findings are obtained. The
starting temperature of coke and carbon reaction correspondsto thetemperature of thethermal reserve
zone (Ttrz). Ttrz has decreased along with therise of the coke and carbon reactivity. The blast furnace
reaction efficiency improves by using high reactivity coke voluminously and by mixing using the small-
size high reactivity coke and sinter. The decrease of the RAR (Reducing Agent Rate) of about 25-33 kg/t
can be expected by using the high reactivity coke. The factors of reaction efficiency improvement by
using the high reactivity coke are shown asfollows. O Transition of FeO-Fereduction equilibrium point
(W point), that is, decrease of thermal reserve zone temperature, O Improvement of the gasreduction
ability by the cokereaction, 0 Gasreduction promotion by increase of micro-pore volume according to
reduction from wustiteto iron and to restrict of CW (calcio-wustite) melt generation. And also, technol-
ogy of using of C-composite agglomerate is one of expected technology which control the Ttrz.
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Chemical composition and physical properties of sinter and coke

a) Sinter (Wt%) (%)
T.Fe FeO Ca0o SO ALO, MgO  JIS-RI Total porosity
57.56 5.03 8.9 5.22 1.89 1.69 66 32

b) Coke

Sample K Na Fe,O, CaCO,  JIS- Reactivity

LC-1 0.26 0.05 0 0 22
LC-2 1.28 0.06 0 0 50
NC 2.08 0.15 0 0 59

HRC 4.12 0.97 0 0 93-98
Fe,0,- HRC 2 0 4 0 98
CaCO,- HRC 2 0 0 4 95
Formed coke 2 0 0 0 92

LC: Low reactivity coke, NC: Normal coke, HRC: High reactivity coke

¢) Operational conditions
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RAR (Reducing agent rate) 480 kg/t
1363 Nmé/t
CO: 35.6%, H,: 4.4%, N,: 60.0%

BG (Bosh gas volume)

Gas composition
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Influence of coke reactivity on the temperature and sinter reduction

behavior
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Influence of coke reactivity on the reduction index
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Influence of mixing ratio, size and charging method of high reactivity

coke on the reduction index
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Influence of mixing ratio, size (d) and charging method of high reactiv-
ity coke on reduction rate of sinter and starting temperature of reduc-
tion from calcio-wustite (CW) to iron
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Furnace temperature and solution loss carbon by using high reactivity coke

Sinter Sample dcoke | HRCratio | Mixed layer Solution loss carbon (kg/t)
(mm) (%) Temp. of TRZ - 1 15000 115000 - Total
NS NC 10-15 43 60 103
HRS NC 10-15 67 16 83
NS HRC 10-15 100 54-76 6-25 82
NS HRC 10-15 50 Coke 67 25 92
NS HRC 10-15 50 Sinter 79 2 81
NS HRC 3-5 50 Coke 69 6 75
NS HRC 3-5 50 Sinter 71 2 73
NS HRC 3-5 25 Sinter 71 15 86
NS Fe,0,- HRC 10-15 100 68 7 75
NS CaCO,-HRC | 10-15 100 66 - 77 18- 22 84
NS Formed coke | 10-15 100 64 20 84

NS: Normal sinter, HRS: High reducibility sinter (Total porosity 56%), TRZ: Thermal reserve zone
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Prediction of operational data by using high reactivity coke

Sinter Coke | n shaft | Temperature of TRZ RAR
(%) (@ (kg/t)
NS NC 94 1000 480
HRS NC 100 1000 460 - 470
NS HRC 99 900 450 - 460
HRS HRC 100 900 445 - 450
100
@ Normal coke FR 480 kg/t (base)
@ High reactivity coke FR 455 kgt
12007 8Ok @ High - Rl sinter,
2 high reactivity coke FR 445 kgft
=
O 900t s0f
N
g §’ Normal coke
® 600 s 40 FR 470 kg/t
g 3 Normal coke
,,S'EE é FR 435 kg/t
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FR: fuel ratio

Sinter reduction behavior by using high reactivity coke on the opera-
tional condition of the low RAR

gomooooboooooobooooooooooooooooon
goooooooooooooobbooo0ooooooooooo
O0mMmoOODOD43skgit0470kgt 0000 ODOOOOOOOO
goooooooooooobooobobooboooooooooooo
gopoooooogo
goooooooooooooobobooboooooooooooo
gooooooooooooooooddsokgt0ooooooo
goooooooooooooobbooooooooooooo
goboooooooooooooboboooooooooooseoenon
gooooooooooooooboboboooooooooooo
gooooooooogoasOo3skgt0oooooooooog
gooooo

3. JcOoUopoooOooOooooooooooo®

gi1eoo0z004000000OOOOOOOOOD DDODLDOO
goboooooooorobooooboooooobooooooooo
ggoooooomooooofbooo@mooooooooooo
gbooooobooooo@moboooobooooomoooon
gooooooooooooooboboboooooooooooo
goooooooooooooobboooooooooooooo
oobooooooo

0000w 00OCO000000O0O0OO0OOoOOooOOooOo
goooooooooooooobbooo0ooooooooooo
Mobmooooooooooooobesconogoooboooon
goooooboooooboboooosz20boooooooon
goooooooooooooobboooooooooooooo

0990

T.Fe | MFe

FeO

Sinter

58.66

550

Carbon composite
agglomerate

1250

4566

2487

084
L

12.81

ok AAA

1000

.//(-

750

*

p,

Sinter

500

Temperature (°C)

250

%{\

|
1

New agglomerate
including C

125

75

50

Reduction degree (96)

” [
/ i% Kobe briguette 25

P

02 04 06

Dimensionless height (-)

00 0OoboboOoobobooobobooobbooobbooobbooobo
ooooog

Reduction behavior of carbon-contained agglomerates in a simula-

tion of an actual furnace operation using BIS
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