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Improvement for Sintering Plant Operation by Means of
a Mathematical Model
Seisuke N1Go, Kojo KIMURA, Masatoshi JCHIMIYA,
Syunzi YASUMOTO, Kazuma NAKASHIMA, and Takumi KASAHARA
Synopsis :

A mathematical model for sintering process at Mizushima Works was developed using a super capacity
computer (M—-200), and some operation cases were simulated to obtain useful operation guidance by this

model.

One of characteristics of the model is a calculation method for heat capacity and diameter of particles

of raw mixture for sinter.

The present conception that particles of ore, lime, and coke are considered to

be homogenized is the same one as in treating the heat transfer behavior of perfectly mixed gas. An-—
alyses of optimum conditions of temperature pattern in ignition furnace, volume distribution of suction air
along strand and coke contents distribution in direction of sintering bed height by the simulation model

gave results as follows ;

(1) For saving combustion gas consumption for ignition furnace, it is effective to keep the peak tem-—

perature high and the peak time short.

(2) To reduce coke consumption, it is especially important to control the size distribution of coke

within a narrow rang.

(3) To maintain the same heat hysteresis along the height of sintering bed, the difference of coke con—
tents between upper layer and lower layer must not exceed 0.5%,.

(4) By the control of air volume distribution along strand and of coke contents distribution in direc—
tion of sintering bed height, fluctuations of heat index (Qg,) and cooling rate index (€C7T7,q) in direction
of sintering bed height can be eliminated, and precise quality control can be promoted in near future.
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Table 1. Calculation data.
Coke ratio : 2.74% (contents in mixture with return fine)
Lime ratio : 8.5% (ditto)

Water contents : 6.3%

Diameter of ore, lime, coke particle : 2.3, 1.2, 1.7mm
Density of ore, lime, coke particle : 4.5, 1.1, 2.5g/cm?
Initial diameter of solid particle : 1.82mm

Initial void ratio in bed : 0.449 (—)

Critical water contents (W) : 0.019 kg/kg

Equilibrium water contents (W) : 0.00 kg/kg

Sintering bed height : 480 mm

Pallet speed : 2.4 m/min

Bulk density of bed : 1.93g/cm?®

Suction air rate : 20,600 Nm?% min

Suction air temp. and moisture

Ignition condition, peak temperature :
peak time

20°C, 12 g/Nm?
1270°C
: 1.5min

€

E o

ot

8 o

3 00 |

£ 300 -

< 00 — 200

o

0 10 20 30
Sintering time (min)
Fig. 1. Isothermal diagram in sintering bed (Base case).
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Fig. 2. Combustion zone in sintering bed (Base case).
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Fig. 3. Heat pattern in sintering bed (Base case).

Wi EF — &% Table 1 iRd.

Fig. | RBROSREEXRLTWA, 900°C ko
V- vERBGE EER L, Fig. 2 wro Ry LA
Gfthk & UTHWIRS | B fixrnd. Fig. 3 wHiE
TRDfee— b2 - v EER L — bx — vEIR
F. e— Rz — vORTEL, B — - #EHA
RENI RO BERN LB e — sz — v JIEE
B TITV,  FHETASIRANSEIE & i —F LT
5T EERER L.

3. v3ab—La3viEREER

(1) BkF&REMRe— 2z — vtk LI THE
RAKFCERT R0 A RO TRIELIBIET 5729
i Table 1 D#EELRMHEXEIEL LT, SkFHOREY
TlXRTy: o v—a vE{TOESEY Fig. 4 ©
3. B oOMEY I av—va YTRDI L — T ¥
=— 7% Fig. 5 WRT IS5 TRECIEAZELLBET
HY, HREDEHE LI, —F, xHie—Fv 2 —
75 Fig. 6 iR T X5 CHBERATHELTLE e
BETHY, BEXKAHIIEHE L, HAFRRF|H A
BEOC— 7 BEA 0.7min 04 (Fig. 4 © CaseB)
De—+ ¥ - —712 Fig. 5177’3 1.2min o4 (Fig.
4 @ Base Case) LIZLALRILTHBD, EHc 0.2
min £#E LT 0.5min & L84y Fig. 6 (Fig. 4
D Case A) TRT IS, e— ¥ - — 73 AR
LTLEW, £ EBHCELRTWAIEL, AX
FOBRABBRICIIIFFIC Y » — T B RSB T HEER
REURAEET B Z Ehbhofe. BAKDOEBILE—7
BELC— 7BEMOESETHREY, BHABBYETX
BEHLHITREC—I7RBREY T 52X - 72 E
KT EERPEKRGTRANRBYDTHS & LHHER LI

-
~
[}
[=]
I

o Ignited /
X Not ignited
S

Case B o(Base Case)

1300 X

1200 -

100 [~

1000

Ignition gas peak temperature (°¢)
T
x
x
x

o 1 2
Ignition peak time (min)
Fig. 4. Influence of ignition peak time and gas
peak temperature on ignition of sintering bed.
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Fig. 5. An example of normal heat wave in
sintering bed (Base case).
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Fig. 6. An example of heat wave extinction due
to shortage of peak time in ignition furnace.
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Fig. 7. Effect of coke ratio (coke contents in mixture within return fine) on heat pattern.
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Fig. 8. Relation between coke ratio and maximum
temperature of solid.
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Fig. 9. Relation between diameter of coke particle
and maximum temperature of solid.
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Fig. 10. Distribution of Q) 4oy and CT,q, in sintering
bed (Base case).
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Table 2. Test operation data (11/12/1982).

Coke ratio : 3.05% (contents in mixture with return fine)
Lime ratio : 8.89% (ditto)
Water contents : 6.1%

Diameter of ore, lime, coke particle : 2.3, 1.2, I.4mm

Density of ore, lime, coke particle : 4.5, 1.1, 2.5g/cm?®

Initial diameter of solid particle : 1.83 mm

Initial void ratio in bed : 0.443 (~)

Critical water contents (We) : 0.019 kg/kg

Equilibrium water contents (We) : 0.00kg/kg

Sintering bed height : 500 mm

Pallet speed : 2,72, 251, 2.32, 2.15m/min

Bulk density of bed : 1.93 g/cm?

Suction air rate : Air distribution measured with suction air
speed measuvring device

Suction air temp. and moisture : 257, 10 g/Nm?

Ignition condition, peak temperature : 1133C
peak time : LS5min
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Fig. 11. Transition of Q g, CT,;4 and shatter
index, FeO contents in sinter with change of pallet
speed.
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Fig. 12. Relation between calculated Q o905 GT100
and actual results of shatter index (SI),FeO con-
tents in sinter, and relation between FeO and RDI.
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Fig. 15. Suitable coke segregations estimated by
simulation, pot test and actual operation.
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Fig. 16. Simulation in case of excessive coke seg—
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Appendix

1o 72 & ERE O BRZ R

hy=2g/dp- {24+0.6(9- Ryp)0.5. Priss)
a=6(1—¢)/dp
Rep:‘c‘dp/#g
Pr=Cg pta/2g
2. EMEDH2
Qﬁ%qxi

C,=0.3424+4.25x 10-5x (T4+273) —64.1/T,
C,=0.25042.62x 10-5x (T, +273) —22.7/T,
C3=0.155x5x 10-5x (T's+273)
—9.7/T, (Ts<Twm)
Cs=[{0.155+5% 10-5X (T py, +273)
—9.7/T o} Ty + Hen» (Ts—T'm)) /
(Tomy=Tw)Vts (T =Ts< Tomy)
Cy=[{0.155+ 5% 10-5 x (T 'y + 273)
~9.7/Tm} Trm, + Ha+ {0.155+ 5% 10-5
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X (Tg+273) —=9.7/Tst (Ts— Ty 1/1ts
(T, =TY)
C,=0.2114+9.65x 10-6x (Tg+273) —10.9/Tg
3. WHZEREER
3
Eo:l_priz?lXi/pi
4. WFH
4
”i=PBo’Xi/(P1"§‘7T"fo)

EGE=)

a: fANFOEHEM [cm?/cm?(bed)]

C1s oy €3y Cay €51 2 — 7 A, ARFA, LA, £KC a0,
{RiER Fo gt [keal/kg-°C]

dp : AR FE [cm]

dy, dyy dy: 2 -7 A, BIKAE, SRADOHFE [cm]

dyo : AIRE OHYPNFE [cm]

r.l: TZJ 73: 3—7%, ERE, fJZE@ﬂ%fﬁ@ [Cm]

Tior To0: T — 2 A, AIKAOHPAKFEE [cm]

G: 7 A0EEHEE [kg/cm? min]

byt # A L ElRM O BEE S [keal/cm?-min- °C]

Hy 570 ORBREEL [keal/kg]

Ny, flgy, Mgt 22— P A, AIKA, YA OHFH [/cm?]

Pr: 75 v 0¥ [—]

Ryp:vA4 /7 Ang [—]

RMg : FIGIT X5 # A0HE &I [kg/min-cm?]

RM,: FISic X 5B KO E BRI [kg/min-cm?]

RHy: # AT X D BILEh 5 KE# [keal/min-cm?]

RHg : BE#&RIC X v BRI xh 5 KIGE [keal/min.cmd]

R : x5 % [kcal/kmol-K]

tg Tg: % %BE [°C, K]

ty, Ts: BEHRIBE [°C, K]

Th,: G BOEREEBIRE

Th,: hAOBRETIRE

X].s Xz: be ‘Y‘i: @ﬁ’#@ﬁﬁi:i?@@: -7 Ay EEE

FH, A, £k CaO B4 [—]

z: [EANIERE [cm]

e: BoEME [—]

€ [BOMPEME [—]

0 : FekEReE [min]

pg: FAD¥E [kg/cm-min]

Ag: A ADEMIEER [kcal/cm-min. °C]

pg: FADOHE [kg/cm?3]

Cg: 7 ADH# [keal/kg-°C]

0B, ¢ MRS O M EHE [kg/cm?]

P1 Pp 03: I — 7 A, AKA, LA OEE [kg/cm?]
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