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Investigations of the Sintering Process by Applying of Mathematical

Simulation

Takao HAMADA, Toskimitu KOITABASHI, and Kyoji OKABE

Synopsis

In the sintering process of iron ore, various phenomena take place simultaneously, i. e. combustion, heat

transfer, decomposition, fusion, and solidification.

In order to clarify the relations between each phenomena,

a simplified comparison between the results of the experiment by the use of sintering pot and of the calcu-
lation by the use of mathematical simulations was carried out, and the following conclusions were deduced.
(1) The heat—front speed was influenced by mass velocity of gas and heat—transfer coefficient.
(2) 'The reaction velocity of coke combustion in sintering layer was lower than that proposed by HoTTEL

for carbon sphere.

(3) From the result of examination of the heat—transfer coefficient calculated and observed, it was con-
cluded that the heat transfer by radiation and combustion should be taken into consideration.

(4) The fusion and solidification were represented as a mathematical expression in the model. The
portion of not-fused ore grain, remained lime stone and pore in sintered ores were measured and these vliaues

agreed with the calculated results.

(Received Nov. 16, 1971)
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Fig. 1. Apparatus for sintering experiments.
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Fig. 6. Effects of the alternation of § on the gas and solid temperature.
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Fig. 8. Example of gas temperature curve at the
sinter pot.
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Fig. 10. Measured temperature variations of coke, ore and lime stone in the sinter pot.
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Fig. 11. Measured curve of ore temperature compared with calculated one for each heat
transfer coeflicient (ore diameter 10 mm).
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13. Temperature curves of lime stone observed

and calculated with mathematical model for

decomposition
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Fig. 14. Calculated temperature curve of ore con-
sidering fusion and solidification.
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Fig. 15. Relation between amounts of not-fused
and coke addition for various ore sizes.

100 ~ et R
= = E::\ Coke
- AN
\\
o 3(%)

80 \

—_ \ KS(%
32
¥ 60 \
S
5 \\ © Upper layer
O Middte layer
=4 (O Yy
2 40 NJOCk) Lower layer 1
3
- === Observed
— Calculated
20
\\
< (0,
o 2\5(/a)
1 2 3 4 5

Ore diameter (mm)

Fig. 16. Comparison of calculated and observed
results on fusion ratio of ore.
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Fig. 17. Relation between degree of remained lime
and diameter of lime stone (ore diameter

5~3 mm).
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Fig. 18. Calculation of decreasing diameter of lime
stone with time for .various ore sizes.
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Fig. 19. Comparison of calculated and observed
results on fusion ratio of lime stone.
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b3 =L INDLEN T mﬂmWFﬁémL;5WFﬁ¢$%
[P
Vi =Vp(L= ') rerererememmenssiene.. (34)
ERIFERB ORE Ve 3G, 72— 2 2 OEK LR
2ofE LT
=W/p1+(aW)/{(1—a)pc} +Vre - (35)
(34)(35) K& (33) MAALT

1577
70 T
Ee
b
_—0 ,// 8
60 Js A STt btk
e })’ e
’2\?: /////’,/ //,
> 50 o= —A
Ed e Lime stone addition
E // o 0O (%)
40 £ o |0 (%) 1
o’ x 20 (%)
—— Calculated (O%)
—-— Observed
30 .
3 S 7
Coke (%)

Fig. 20. Effect of coke addition on porosity.
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(1) heat front speed (¥ G Cg/ppCs & {=EMRE A
EEah, AX/hEWEE H-F-S 13 KkEL74D k3
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(2) BB~ ADREEFEEE Horter 50

il

Table 2. Symbols used for calculation of sintering pore variation.

Material Sinter
True density of ore : pp True density of sinter ..t pp!
Apparent density of ore P p1 Apparent density of sinter : o1
Inner porosity of ore - Inner porosity of sinter e ter
Ore weight in packed bed . W Weight of sinter W
Coke weight in packed bed (a/l—a)W Porosity of sinter te'
Porosity of packed bed Volume of sinter . . : : Vy!
Volume of packed bed VT Volume decrease by smtermg : B!
Coke addition ta Not-fused ore ratio ~ )
Apparent density of coke Vi ope Apparent density of not-fused ore : o4
Apparent density of fusion : ps

L1 =PP(1“51): PI'=PP'(1_51’)S VT'=VT(1—‘B')
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vo, v oL [REIH O — 2 R, $FH, AIKEDOERE
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