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Evaluation of Sinter Quality for Improvement in Gas Permeability of Blast Furnace

Naoyuki TaxeucHl, Yuji Iwami, Takahide Hicuchi, Koichi NusHiro, Nobuyuki Ovyama and Michitaka Sato

Synopsis : In the recent operation of blast furnace, it is supposed that high gas permeability of burden is important for low RAR and high PCR operation.

In this work, sinter quality for improvement in gas permeability of blast furnace was investigated with reduction degradation and under-load-

reduction tests. As the results, the reduction degradation of sinter is deteriorated by increasing H, concentration in the reduction gas under the

condition of below 3.8vol% H,. However, over 3.8vol% H,, increase of H, has no effect on the reduction degradation because the diffusion of

reduction gas in the sinter is limited. On the other hand, from the under-load-reduction test, there is possibility that increase in H, concentra-

tion of reduction gas and decrease in slag ratio in sinter are effective to improve gas permeability of lower part of blast furnace rather than re-

ducibility of sinter. Due to adoption of these experimental results to a 2-dimentional mathematical simulation model, the precision of pressure

drop calculation of blast furnace was improved. It is considered from the evaluation by this model calculation that the RDI, a slag ratio and

the slag viscosity as the sinter properties are greatly influence on the permeability of blast furnace.

Key words : sinter; blast furnace; PCR; gas permeability; H,; RI; RDI; slag.
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Table 2. Calculating conditions of 2-dimentional mathematical
simulation model.

PRI NPV X2 SIFTHE TOFHEO Z & TH PCR kgt 80 120 160 200
s N . RAR kgt 500 500 500 S0
. =N - + - - T S — - - T ———
Ji, WIFNICAAEST 57 AL LTHO0 652 605 Coke ratio kgt 420 380 340 300
Lot Mt 1 uy
75) H,0 D *ﬁ{t/\@%‘;% iﬁktxﬁﬂfi I57j>§ < 15)’ 2'_( Production timd-d 22 22 22 22
Hot metal temperature °C 1510 1506 1505 1502
Blast volume Nm*/min TROO 7150 6600 GOR0
O, enrichment % 1.0 3.0 50 7.0
Table 1. Specification of tested samples. TFT °c 2110 2119 2109 2101
Mean size of sitner mm 18.0
TFe  FeO 80, ©Ca0  ALO, MgO Shgtolal CalVSi0, JIS-RI  JIS-RDI JIS-RDI of sinter % 33.6
(%) (¥a) ] (%) (%) (%) (%) ) (%) (%) J1S-R1 of sinter " 670
Sinter (A) 5614 T3 S13 1075 209 128 1925 210 72.1 336 : LT T ——
Sinter (B) 5607 948 528 1023 221 le6 1938 194 a6k 29.1 Mean size of coke mm 453
Sinter (C) 5895 1009 371 909 146 1.37 15.73 248 601.5 26.5 DI of coke % 832
Sinter (D) 5970 &894 404 875 149 (.82 15.10 217 69.0 314 CalySi0, of slag 1.25
Average l-_l2
concentration
— 3.8vol%
- 4.8vol%
1500 010 11 e 5.8vol%
_ 0,08
1
1000 -, ~ 0.06
) L T
€ sl 0.04
S::’l 0.02 -
8 0 < ﬂ
5 1500 = ‘_:\
£ S
e 1000 I
Experimental condition 8
500 =
o
o

{] 1 1 1 1 1
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Fig. 1. Experimental reducing conditions determined with 2-dimentional mathematical simulation model of blast furnace.
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Th -7,

FERTIE, SO I L 2230k 600g & ¥ 8 D
P u 2 ERE L, Fig ISR OFTEMRE & 4 2 MUK TEIT
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b GHI$ % 728, FRERIE A 200, 400, 600, 800, 1000°C
D 5 KUED Rl FER A F2hE U, AT icE 3 % LR,
BICH A %Ny T A TEMR L THAIL 72, EICH 1L Iwanaga
53 OFRICHEIERIZHE, kA 6 500g & FREL L, =
Wwomds F 5 4 (N 130mm, & & 200mm, AR :

Sample weight 600 g
15 L/min
N,, CO, CO,, H,
200, 400, 600, 800, 1000 °C

Gas volume

Gas composition

Maximum reduction temperature

Gas

Alumina tube analyzer

L.D. 50mm
L. 1500mm
Thermocouples ‘V- /
- Platinum
Electric basket
furnace o

Sample
ﬂ After reduction

Degradation test

Preheating
furnace

Gas mixer
N, CO CO, H,

Fig. 2. Schematic view of vertical reduction test.
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L7,

Fig. 3 IZEREEE OME 2 /87, 2813, EXUF, RIBE,
TR EYEE, A PENT, 7 2 RAREE, 720 E
TR X5, PR, Bt — 2 — %= BAESE
T, OREE, 708 (AT 80mm, K 1 1000mm)
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KM H 2 AL e (C+H,0=CO+H,, C+2H,0=CO0,+

Sample weight 100 g
Gas volume 6 L/min
Gas composition N,, €O, CO,, H,
Maximum reduction temperature 1650 °C
E g 100
Zz of
3 & 0 100 200 300 400 500

Time (min)

Alumina tube

L.D. 80mm
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analyzer et
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Fig. 3. Schematic view of under-load-reduction test.
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Fig. 4. Effect of specification of tested sample on mean
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Fig. 5. Effect of reduction gas condition on mean size of sinter (A) after reduction and degradation test.
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Fig.6 (a) 12 P H, 2 5.8vol% D 44T O BERESE (A) -
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8 -
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(a) Effect of sinter specification on pressure
drop.
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23 Weibull 3 A (2 9E 5 B8, € — FiEix, (um) &, &D (1)
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log[-In{l-G(x)}]=log B +mlogx- (1)
g(x): dG(x)/dx ] 2= T <o (Y § 0l [ — (2)
x, =1/ ﬂ)l/m'(l —1/m)" (3)

ZZ7T,GW), B, mx, gk TNZNG (x) « 2R
SR (), B EEK (), m: Weibull4RE (o), x @ B2
R& (pm), g () : MERHERE () THh 5,

Fig.7 (= Weibull fit Bt DA 2 /897, A% Tl e 23 5 25
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20 Average H,
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3.8vol%
Q’c_v-:“ 15
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5
';'é 10 58vol%
2
g
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800 1000 1200 1400
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(b) Effect of reduction gas condition on
pressure drop.

Fig. 6. Experimental results of under-load-reduction test.
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Fig. 7. Effect of reduction temperature and gas condition to
crack distributions in sinter (A).
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Fig. 8. Cross sectional micrograph of partially reduced sinter (A).
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Fig. 10. Effect of slag proportion and slag viscosity to maximum pressure drop.
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AT E LT fbh b,

KON SN Tz, —J7, SRIOMHRERZTEH L 7=
&, ZOMqREESR RSN T, FEEOE AL B 3L 7%,
%72, Fig.13 (b) 1ZI3AKEF N &2 O THE L 7235 E
REIRT, PERT TV TR % 1200~ 1400°C D4 iH
e LT Th7en, BFILEHEHIZ1140~1390°C A3l
HHekd, ENEREONILEZET 2 &, 1ERORER
FRERORE SN SFER SN TR LS & 5,
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Table 3. Calculation results of blast furnace operation with new
2-dimentional mathematical simulation model.
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PEAE S BERESE (A) DMEIR & U 2ze 72, KIFIZIZEHED Lompy zone ©T 67 64 62 05 62
¥y 7 MESFTOREM A S KD BRI ERT, HEk :;Z‘::::’:C kPa 26 2 26 18 18
C’)%J{ﬁZ?ﬁ(ﬁj%?ﬂ/“(“li, kﬁTﬁﬁ)BHED ]/“\\‘)l/i‘(“o)’j_:‘jj Pressure drop KPa 13 1 14 1 "
HEASFBOIEIHIL K D SR & % 5 T 7z, B2, e
. _ o N L kP 106 98 102 95 ”
IR & B T, P TEER & 0 R 2086, I Toal :
-0 - Typical blast furnace operation measurement Ordinary simulation New simulation
----- Calculation result with ordinary model 400°C
—— Calculation result with new model 600°C
30 |\ 800°C
E s R
% 1000°C
» 20 .
E. Lumpy zone
2 15 ~\1200°C
5 :
€ gk Neesaegedle 1400°C
§ > | Cohesive zone Cohesive zone Cohesive zone
2 s [ 1200-1400 °C 1141-1390 °C
= Derpmg Zong Tuyere Tuyere
0 . i
0 20 40 60 BO 100 120
Pressure drop (kPa)

(a) Comparison of pressure drop between calculation
results with 2-dimensional mathematical simulation

model and typical blast furnace operation.

(b) Comparison of cohesive zone between ordinary
and new 2-dimentional mathematical simulation
model.

Fig. 13. Comparison of pressure drop and cohesive zone between calculation results with 2-dimentional mathematical simulation model

and typical blast furnace operation.
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