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Mathematical Modelling for Process of Direct Reduction of Iron Ore by

Rotary Kiln

Xing-guo X1A0, Mamoru KUWABARA and Iwao MUCHI

Synopsis :

A mathematical model for the process of direct reduction of iron ore (DRI Process) by rotary kiln has
been developed to predict the axial distribution of process variables for Case 1 (i.e., the case with thef eed-
ings of auxiliary air and carbonaceous materials along the axis of the kiln) and for Case 2 (i.e., the case

without these feedings).

Direct reduction of hematite by solid carbon, combustion of coal or coke in the solid bed, combustion
of heavy oil in the freeboard which is fed from burner and combustion of CO evolved from the bed are ta-
ken into account together with the heat and mass transfer processes.

Applicability of the model has been verified by comparison of the calculated results of fractional reduc-
tion or solid—bed temperature with the experimental results obtained by the other investigators. The
model has been applied to investigate the effects of the flow—rate ratio of solid to gas and that of carbon

to ore on the axial distribution of process variables.
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AP: Air port jiiiiiiin
SF: Scoop teeder
HP: Hopper. Prodycy

Fig. 1. Schematic diagram of rotary kiln.
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Fig. 2. Schematic illustration of heat transfer
in the cross section of rotary kiln,
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Read data

1) Kiln geometries

2) Operating conditions

3) Physical and thermal
properties

4) tg,Fgy and ygy at z=0

5) tgl(tg at z=L)

T

Assume ty at z=0

¥
[Assume fractional reduction fi |

Calculation of overall mass
balance for yg; and Fy; at z=0

Calculation of radial heat
balance for t, and t,

!

Solve differential equation
for totyFggFgyand f

Foo,a=Y + Y=Y, coeeesmsceieinninnnnnn, (70)
Foo,0=Fcoy, f+ Ya rreverremsemsnnnininn, (71)
Fit,0,0=Fi1,0, f -+eeeereereeeeesesonenennenenns (72)
Fo,0=Fo,,r+0.21F;,'—0.5(Y,+Y,) ---(73)
Fryo=Fry, f+0.79F gg" oovevvnvnueiniccnnen, (74)

ok, BB LR ETADREC LD E, AP Hiim
B, Y,=Y,=0, AP 554w, Y,=0.05
Feo!, Yo=Y+ Y, TH%. Y, Ltd2T, fTARD
TOHAWME Fio ¥, ATHAHECIOTRDS
EMTES. '

(2) RE
RFAQRETE7ARED, 28R EMEE LT
DRITEBRABER X OTHRETE 5.

5. &t B ®& &R

5.1 EHA%RHET—24
AEFNOFYUWERIET S0, 7, EEED
FTrbEADYI o V— g VEFOLR.

T, AP & SFRARBEINRTWHTELWO
SRR TORBRFEE (Case 1) &, AP L SF 23

B3I Tuin b il 519 O R Ek O F R T3 (Case _2)
EEXRR Lic. Th bORKEBERME L BELMY% Table
1 £ Table 2 /R L. ZhLFBED Y v v AITfE
D EMES OO VHED LR LicERD Ridosy
FRE, ZEFE‘?%, FE L ofpt{Eix Table 3 wRL
oo 7ok, NTEOBRREC KT AHEAA 8 13 20°
BEIH#E L.

AR EDRTLDRIGEE T — 2 X AH i lcD,
LT, BEREBDHEONTROBITENLTH,2.2
Hio (1) TRLEERERDERATESLEL, ThHDRE
TUHE D 2E R OIR TR O 2 ifF 15 L RE Lic.
5.2 Case 1 (BJ[ELBMEHBHINT B OBR

ZZTH, TELORRFBEDOY I v—va Ve
758, AP L SFa LB IhsBKEBTHAKRM O

Table 1. Specification of rotary kiln.

Case 1 Case 2
Total length (m) 31 46
Inside diameter (m) 1.8 2
Outside diameter (m) 2.2 2.3
Inclination (deg) 2.3 2.0
Number of air port 6 0
Nnmber of scoop feeder 3 0

Table 2. Operating conditions.

Case 1 | Case 2
Pressure in kiln (MPa) 0. 1013 0. 1013
Air flow rate from burner (mol/s) 12.7 83.4
Oil flow rate from burner (kg/s) 0. 0235 0. 145
Ore feed rate (kg/s) 0. 556 1. 706
Carbon feed rate (mol/s) 6. 86 23
Air flow rate from AP (mol/s) 53.2 0.0
Carbon feed rate from SF (mol/s) 10. 97 0.0
Revolution (r.p.m.) 0. 33 0.22~1.2
Solid temperature at Z=0 (K) 323 303

Table 3.  Physical properties of raw materials.

Case 1 Case 2
Voidage (—) 0.3 0.3
Ore Shape factor —-) 1.0 1.0
Bulk density (kg/m?) 2000 2000
Voidage (=) 0.5 0.5
Coke Shape factor (—) 1.0 1.0
Bulk density (kg/m?) 500 500
Qil Apparent molecular formula CsHs CsHy

Table 4. Enthalpy of reactions.

Reaction formula 4H

(1/3) Fe;03+C= (2/3) Fe+CO 171. 2 kJ/mol (CO)
C+ (1/2) 0,=CO —393.7 kJ/mol (CO)
CO+ (1/2) 0,=CO 75) CO+ —280.6 kJ/mol (CO)
1/6.75) Cs H Q,= (5/6.

(1/ YCsH74+0, 53./5/6.75)1‘1220 —430.7 kJ/mol (O,)
(2/5.5) C,H3+0,= ((;;gg)) g?6+ —431.9 kJ/mol (O3)
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(G ! 5 © Fig. 4. Calculated results of tempera-
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z (m) reduction (Case 1).
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W5,

5.3 Case 2 (BREREMOBBPIRELTOEE) O
BR

Fig. 5 &, RTB LKMo i aiRES o HE
R, IV, NTEREOEMENRTRLTHS. FHEE
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BERERC Y, RTFLEo LR T (G

1.0r 2300
L | Calculating conditions
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M 190 tgl = 713K
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Fig. 5. Calculated results of temperatures of gas,
wall and bed, concentrations of gas, and fractional
conversions of iron ore and carbon (Case 2).
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