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Development and Application of an Integrated Simulation Model for Iron
Ore Sintering

Takazo KawaGucHI, Shun SATO and Kozo TAKATA

Synopsis :

An integrated simulation model for sintering of iron ore was developed to evaluate the effect of various
controlling factors on sinter quality and was applied to commercial sintering process. The model consists
of 6 submodels, which are permeability, heat pattern, melting, pore, mineral and quality models. By using
the informations on ore qualities, characteristics of sintering machine and operating conditions as input
data, the model can predict sinter quality, energy consumption, productivity and other operation perform-
ance in sintering process. The predicted values were in good agreement with the observed ones obtained
by both pot tests and actual tests in commercial plants. The model was introduced into sinter plants in
Kashima Steel Works as operation guidance system. The fluctuation of sinter qualities was decreased by
about 20% through the application of the model. The total energy cost on sintering operation was de-
creased by 5.5%. The economical feasibility studies were performed prior to the construction of a new
sintering plant under the condition of the planned production capacity and sinter qualities. In accordance
with the specification of productivity and sinter qualities required from blast furnace, new sinter feeds of
iron ores were evaluated to obtain optimum operating conditions by the model.
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Fig. 2. Flow diagram of the quality
model.
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Fig. 3. Relation between minerals in sinter before
and after RDI test.
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Table 1. Brittle index(B;) used in RDI model and
reduction index(X,) used in RI model.

Mineral kinds Brittle index Reduction index
Hematite 0.0 49.6
Magnetite 0.20 12.1
Calcium ferrite 0.53+[Al1203] 39.2
Grassy slag 0.51 0.0
FeO(except Fe30y) —0.38 —

[A1,03]: Al,03 (%) in melted part on melting model

Hem. & 2 Kk Hem. O FHELIERLHIEZET—ETH 5 &
WETHIE(2)R%EHLT(3)XPErhDE 2D
(3)RKEEFLRICHW-.

EILHE OB (5)RX0 Tk < I IbRE % ik
», SYETMEREH L CRDL. 2T CF okt
%% (B 7213 4% Table 1 (2R3 Tk &, MBItk
L 7R D AlO3(%) Bl F b D& L.
EITIEEE R,

Ro= —100a® + 16a — 0.38 + 0.93 (a < 0.08)
Bk E (SEZL)

EEER (Fig. 3) DR -

(H* + H*)=0.575(H, + H,)

AM =—054H, AM =M*—M

AH=(H*+ H*)—(H + H,)

CF*=CF, S*=S

REBLONT VX :

H.*/H, = H,* /H,,

H*+ H*+ M*+ S*+ CF*+ W*

=H+H+M+S+CF+W

FHEF VR

H* = (1—0.425-R,)- H,

H*=(1—0.425-R,)-H,

CF*=CF, S§*=S

M*=M +0.213-R,(H, + H,)

W*=W + 0.213'Ro*(H; + H)
BILERDIES R,

Rf=(Hz“H2*)+(H1_H1*)'K2 ............... (4)
BiEs B

B=Bu (H*+ H*)+ Ba'M

4+ Bes' CF + Bg* S+ By W overeeeveeieiinnns (5)
woua{tiE  RDI

RDI = K" Ry~ B +evvvveneeresssvnssecininnniennnnnnn. (6)
ZZT

H :1XHem & (%), Hy: 2k Hem. & (%)
M:Mag. &, CF: " Vi 272954 & (%)
S: 25 7R (%), W:FeO(W) & (%)

Voriaoble factors o !
60} & A2203 content I ) A
X TiOz content S @
O K20 content ©
@® Na20 content
® Others {somple A)
50 8 7
:3 @
= 4 ®
o
T 40
2 a
O
2
3 )
g
g
/ :
A
2<>20 30 40 50 60

Calculation (%)

Fig. 6. Comparison of calculated values with
observed ones on RDI (pot test sample).
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Fig. 7. Comparison of calculated values with
observed ones on RI (pot test sample).
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Table 2. Test condition (Kashima No. 3 DL).

Variation action Variation range

Siter feed A 0 ~ 14.0 (%)
B 10.0 ~ 24.0 (%)
Sinter feed mix ratio C 0 ~ 15.0 (%)
D 0 ~ 15.0 (%)
Coke breeze 2.98~  3.68(%)
Operating condition Bed height 450 ~ 550 (mm)
Suction pressure 878 ~1306 (mmH,0)
Moisture 4.7 ~ 6.3 (%)
Hearth layer 50 ~ 87 (kg/md)
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Fig. 9. Comparison of the predicted values
from the model with the observed ones at Kashima
No. 3 DL..
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Table 3. Conditions and results of experimental operation (Kashima No. 3 DL).

Case da Base for 27 days Guidance for 25 days Difference energy (B)-(A)
yS (A)actual pred. (B)actual pred. consumption cost index
Blower s}l:ction (mmH,0) 1338 1338 1 073 1 O’gg
- Bed height (mm) 457 457 36 3
Condition Coke content (%) 3.28 3.28 3.30 3.30
Productivity (s-t/H m?) 23.3 23.4 23.1 23.4 (Mcal/s-t) : (—)
Coke breeze (kg/s-t) 46.2 46.5 49.0 49.7 19.6 ' 5.9
Ener Electricity (kwh/s-t) 30.0 30.2 26.4 27.0 —9.6 —-9.6
cgoynsum tion Coke gas (Nm®/s-t) 1.91 1.84 - 2.28 2.27 1.8 1.8
P Recovery steam (kg/s-t) 97.5 104.8 103.1 112.4 —4.1 —4.1
Total : 7.7 —6.0
TI (%) 76.0 76.5 73.3 73.8 (A)total 336.0 109.6
Quality RDI (%) . 37.4 35.4 35.6 34.6 (B)total 343.7 103.6
RI (%) 63.0 63.1 65.4 66.7
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Fig. 10. Effect of application of the model on
sinter quality fluctuations at Kashima DL.

Table 4. Ore characteristics of new sinter feed.

Ore T.Fe Aly0O3 SiOy LOI +5mm —0.1mm
E 62.2% 1.5% 2.7% 5.6% 10%. 16%

F 62.2 1.7 2.7 6.2 19 16

G 58.4 1.5 4.4 8.1 8 15

H 57.1 2.7 5.7 10.1 2 25

LOI : Loss of ignition
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Table 5. Estimation of new sinter feeds (blending
ratio 16%) under the optimum operating condition.

Ore brand E F G H
Cost index 100.0 106.3 101.4 116.8
TI (%) 66.1 66.0 66.1 66.1
Quality RDI (%) : 39.9 39.9 39.9 39.8
RI (%) 62.8 62.7 62.6 62.4
Productivity(s-t/H m?) 26.0 26.0 26.0 26.0
R
. . Ni slag . . . 2.
Optimum condition  poisture (%) 52 6.0 53 56
Bed height (mm) 556 559 499 469
Ca0/Si03=1.65 TI>66% RDI<40% RI>60%
Productivity=26 s-t/H m?
Cost index (Sum of coke, Ni slag and limestone consumption)
(RI260%; TI= 66% ; RDI < 40% ) -
| Production 200005-V/D E
.08 >
Total (coke,electricity, €06 =~ | €
cost \steam, construction / * 5
x .04} ; I.%
] . 4 N
2 . 1@ =~ 35
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Fig. 11. Optimum productivity on construction of
new DL sintering plant.
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