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Evaluation of the Quality of Low SiO, Sintered Ore Considering Blast Furnace Operating Conditions
with High Rate Pulverized Coal Injection

Hidetoshi NoDa, Koichi ICHIKAWA, Satoshi MACHIDA and Noboru SAKAMOTO

Synopsis : In order to evaluate qualities of low SiO, sinter such as reduction degradation behavior, reducibility and softening-melting properties, labora-

tory tests simulating in-furnace conditions at high PCI operation were carried out using three types of commercial sinters with varying SiO,

content.
The main results obtained are as follows:

(1) Under high PCI operating conditions, reduction degradation of sinter is decreased. This suppression is due to the shortening of re-

tention time in a temperature range between 500 and 600°C by decreasing the heat flow ratio. This tendency of reduction in sinter degrada-

tion has been confirmed by operation trials at Fukuyama blast furnaces No. 3 and No. 4.

(2) Hematite phase and micro pores increase with a decrease in SiO, content of sinter, and consequently reducibility increases due to an

improvement in reduction gas diffusion through the reduced layer.

(3) The temperature at which softening commences and that at which the pressure drop rises are higher for low SiO, sinter than the cor-

responding temperatures for high SiO, sinter. This result suggests an improvement in the permeability of the cohesive layer in the blast fur-

nace under high PCI operating conditions.

(4) This evaluation has confirmed that low Si0O, sinter is superior to high SiO, sinter as the blast furnace burden under high PCI opera-

tion even though the value of RDI is relatively high.

Key words: low SiO, sinter; high PCI operation; reduction degradation; reducibility; softening-melting properties; in-furnace condition; blast furnace;

heat flow ratio.
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Fig. 1. Effect of low SiO, sinter on in-furnace condition at high PCR operation.
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Table 1. Specification of tested samples.

Sample Sinter A | Sinter B | Sinter C
Si0z (mass%) 5.24 4.84 3.76
Al203 (mass%) 1.66 1.93 1.58
MgO (mass%) 1.49 1.07 0.95
FeO (mass%) 6.77 5.84 5.89
Ca0/Si02 1.89 1.99 2.09
Reducibility(JIS-R 1) (%) 70.9 74.0 74.0
Pore volume (ml/g) 0.0349 0.0372 0.0419
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tive pore volume.
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Fig. 3. Influence of PCR on heat flow ratio, top gas tem-

perature and top gas compositions.

BN IR £ BIK %A AR A4 B L 72K Si0, BERSHLD S EE

LENTVBEY, -T2 I TR, B ELR
V33 A OIKIEE TC RO MR R & [ AL B & IRUE
L-BEREE#EEE T v Ic kDR L,

PCR 512 & > TFig 31T T & S ICBMLA2ET L,
ZHICK BB, H#2OFRENIIRIDSEZ 5B LR
ET 3 XN TIHEAARETH 5,
<HF AN BE§ 2 B

dtg = 6(1-¢) 1 e T

¥ el (1)
<[EAARNZ B¢ 2 B>

dts —i_.___h 1) cerecrruecrstiratitinicenanns 2

dz d, p,-C,u, plly =0 (2)

IIT, BFmEXATERT 5.

U_Ps Cortts (A7E) e, (3)

Py Cyrtiy €

272U, t,t, AR, BEFEECC), 2z FEEE(m), u,u, @ H
A g, EREETEEWms), p.p, 0 H R, BIHREE

(kg/m*), C,,C, © # A, BERILEI/Kkg °C), h, o H A KT TH
PRERB(W/m?-°C), d, * Kif¥(m), e  ZZBRF(-).

Lk, GHEICH 72 o TR SEF O3 &1 (10000
B LY v 7 b3 0932()FREL, VA METL
X OIFTEF AREREFET S, JORRET—s XL,
EERE XCRIEROMED? b #ARELEHREL 72,
(1)~(3)% Z=0Tt=ty, Z=Z Tt,=t,,DERMHF T TFIELD
BTE 4 5 L Fig. 4038560 3, Fig 4 X DBGILOKTIC
o TRBEHEOETLRILBERICEZISZLEA TS
500~600°C iR RIS AVIK S & 0, T OB DBEREFLO R
L, BEREESLOIFRE T3EE DL & bk LT & XFRYIC
WL BB ENTFERINS,

PCR = 0 kg/t 100 kg/t 200 kg/t
OR—~ T 17 T DU T T 11 T
i1 o i
—_ - N Nl SR
3 ’ il “l--.l- ) ‘J-§_0.4 m
© 125f Al - N 1 < |
2 1 ‘I_{ ?-5 m \.
= -r1- v
‘. .
ﬁ o } 0.7m [ Gas
e 2 ¥ .
173 2.5} ! Gas : Gas + J
1
5 \ Solid ‘;/ Solid
‘l‘: v 1]
B Solid “ "
D 3.75t+ ' + ' -
[]] ' ]
T < Heat flow ratio > '
u=086 \, U =082 ' U=078
| ] i ! l ! ] |

5
0 300 600 900

Temperature (C)

0 300 600 900

Temperature ("C)

0 300 600 9S00 1200

Temperature (°C)

Fig. 4. Change in in-furnace temperature with heat flow ratio.
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Table 2. Test condition considering PCI operation.

Test 1 2 3 4

: Hz (vol%) | o | 21| 42| 62
2 CO (vol%) | 30 | 22.8 | 219 | 21.0
§g CO2 (vol%) 0 | 226 | 227 230
3 | N2 (vol%) | 70 | 525 | 51.2 | 498

Reduction time (min) | 30 30 24 21

Corresponding PCl
operation (kg/t) o*

100 200
*) All coke operation(Coke Ratio=540kg/t)
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Sinter Products
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Reduction time : 140min
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Sinter B
71.3

£

(Heduction under load test )

Sample weight : approx. 85g
Reduction temp : 900~ 1650°C

Gas compsition of high temperature reduction under load

CO (vol%)| Hz (vol%) | N: {(voi%)| Flow rate (NI/min)
36.1 3.1 60.8 10
38.8 13.4 47.6 n

PCR=0(All Coke)
PCR=250kg/t

Fig. 5. Flow of reduction procedure.
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Fig. 6. Schematic illustration of test apparatus and condition for high temperature reduction under load.
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Fig. 10. Comparison of reduction curves between observa-

tion and calculation.

Table 3. High temperature behavior of samples.

Gas condition
PCR = Okg/t PCR = 250kg/t
Sample T1(°C)|{ T2(C)| AT [T1(°C)|T2(C)| AT
Sinter A 1015 | 1500 | 485 1052 | 1472| 420
Sinter B 1028 | 1501 | 473 1083 | 1474 391
Sinter C 1044 | 1508 | 464 1142 | 1480| 338

T1:Contraction beginning temperature
T2:Pressure drop increasing temperature
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Fig. 11. Relationship between reduction ratio and RDI.
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Fig. 12. Influence of standard RDI on permeability resis-
tance ratio (K/Ky,,..) of blast furnace in Fukuyama
works.
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Fig. 13. Influence of SiO, on standard RDL

Table 4. Chemical reaction constants (kc¢) and effective
diffusivities (De) for the samples based on un-re-
acted core model.

Sinter In kg (cnvs) In ke (cnvs) In De (cm#/s)
A 3.84 - 1.72X104RT 0.77 - 9.16 X 105/RT 6.56 - 7.69 X 104/RT
B 3.71 - 1.56 X 104RT 5.99 - 5.60X 104RT 3.46 - 3.99 X104RT
[ 3.49 - 1.30X 104RT 4.88 - 4.19X104RT 0.48 - 5.19X105RT

kg : Mass transfer coefficient, R : Gas constant (8.31J/mol/K), T: Temperature (K)
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Fig. 14. Relative reduction resistances of samples.
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