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Analysis of Sintering Process by the Mathematical Model
Takasi TUKAMOTO, Syunsaku SIMADA, Tosio TAGUCHI, and Jyuzo Hicucwur

Synopsis:

A mathematical model of sintering process has been developed, in which considerations have been
given to the combustion of coke, drying process of solid, the composition of lime stone and the melting-
and solidifying process of iron ore. Variations of physical properties of gas and solid particles with
the change of temperature have been taken into consideration.

The partial differential equations gave numerical values, at various depths in the bed and at various
times, of the temperature of solid particles and gas, the radius of coke and lime stone particles, the
concentration of O; and CO, gas, the combustion velocity, the decomposition rate of lime stone, the
moisture content of solid and the melting rate of iron ore. Typical results are illustrated.
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Table 1. Data for numerical calculation.

Coy.o=04172x10-5, Cco,,,=0-5203% 10-5, dp=0-3

G=5'17x10-3, r; =015, r; ,=0-15, 6,=1"1
t5’0=300, tg,()=1533, ws’o=0'065’ 5:0'45
C.—0"1606+0°922 % 104X t,—2 570/t

Cy=02174+0°7247 104X, —0-16 X 10-7 X t,?

Cs' = (8Cs/8ts) X ts, Cg'=(3C4/0tg) X tg

Run number 1 2 3 4 5 6 7 8
m. 004 0-04 0-04 004 0-04 0-04 0-04 0-035
my — 0-10 0-10 010 0-10 0-10 0-10 0-10
Hyo — — 60-78 60-78 60-78 60-78 60-78 60-78
tm1 — -— 1 500 1 400 1 600 1 650 1 500 1 500
tme — — 1700 1 600 1 800 1750 1700 1700
H,, (¢5) — — eq. (21) eq. (21) eq. (21) eq.(21) eq. (22) eq.(2D)
3 E
S = 3 Z=5cm
H Z=5cm , E g
E 2000f8 | |y
2000 3| Run Nol o [T 5| R Moz
v z Y B
EX] H 2 -l [ 2
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o _~'_'|~o—uzo~°|-o~ =] E = |8
& K £ Iy g 5 |2 (3
5 e 5 100018 |3 | £
S 1000tE |& (& ® 5|2 |5
;9: ° §os—'§ro—§o
a g x | (©
GE) OS- 10F 05~ €
[ =
SO0
v 500t

20 30 40 - 50
Time 5 @ (min)

Fig. 3. Calculated results of process variables at Z
=5cm, where the effects of the decompo-
sition of lime stone and the melting- and
solidifying process are neglected.

DETEOZALx CaCO; fg L CaO Fo LD RMD, h
L2 & O BERED BRI HERS 200 5

Fig. 4 » Fig. 5 %M#T5 212X, - &
ERRDEAS o ¢ AL RETHER b 5. i
WBERTRT & &Hb L, HEL - RERRLEEL P
EIEE, EPUREEA Sem OB BV TH 150°K %
DTS XL THRL - REEEET S L, BES
MIXEBIICIN TR XN T, EALENSEDS.
Fig. 5 ITRREE h ORI AR L. A =0 O
EEEERIIERICEE, f=10r IERLTND
CEEMT. XL TA2O0 L 1 odhMoEciE, EMe

20 30 40 50
Time ;i & {min)

Tig. 4. Calculated results of proess variables at Z
=3cm, where the effects of the decompo-
sition of lime stone are considered.
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Table 2. Data for numerical calculation.

Run number 9 10 11 12 13
te.0 1 300 1 300 1 300 1 300 1300
Co,.0 0:50x10-5 0-50x 10-3 0°50x10-3 0-50x10-3 0:-50x10-3
6, 11 1-1 1-1 11 11
tg.1 6732 1173-2 5732 523-2 873-2
Co,,1 0-9375x 10-5 0-9375%x10-% 0:9375x 10-5 0-9375x 103 0-9375%10-3
) 2-6 16 31 41 2-1
tm1 1 500 1 500 1 500 1 500 1 500
tmo 1700 1 700 1700 1700 1700
me 0-035 0035 0-035 0:035 0-035
my 0-10 010 0-10 0-10 0-10
ws,o 0-065 ) 0065 0-065 0065 0-065
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Fig. 5. Calculated results of process variables at Z=>5cm, where the effects of the
decomposition of lime stone and the melting-and solidifying process are considered.
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Temperature of solid s £ (°K)

2,0z in gas phose i Ceo,, Copx 10° (MOl /Acm3 )
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Fig. 6. Calculated results of process variables at Z=3cm and 6cm.
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Fig. 7. Calculated results of process variables at Z=6cm.



668

B L #8 o6 E (1970) 63

8

1 0C0

~ Temperature of gas ond solid 3 fy , & (°K)

500

Temperature of solid ; & (°K)

2 /2 - 2
Z=2cm 1,7 ‘
Run No9 ~ No 13 \ ,’,/ A
B b VL
1 500 1! \ \
VA A \
A \ \
(A
. ,‘ \
E \ \
3 \
. . / 4 \
/ .o

K

1000 |-
. 4 \
f \
\
t':ooL T N
~
No 10 T\
No il
Al 13 1 L L 1 1
t 2 3 4 5 6

Time; € (min)

Fig. 8. Calculated results obtained according to some different after-heating conditions.
(The melting process of solid are considered.)
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Fig. 9. Qalculated results obtained according to this mathematical model from
Run No 8 data in Table 1.
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