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Simulation of the NRIM Continuous Steelmaking Process

Akira FUKUZAWA, Ryuichi NAKAGAWA, Shiro YOSHIMATSU, and Takuya UEDA

Synopsis

A mathematical model of the NRIM continuous steelmaking process has been developed on the basis of the
assumption that the rate limiting step in the steelmaking reaction is mass transfer which is the function of
flow rates of jetted oxygen’and generated CO gas. Resistance constants in mass transfer equations and other
system parameters used in the model are determined by the complex optimization method to get a good agree-
ment with the actual data in steady state. Results applied for the start—up simulations for the NRIM
process operations show that the model can represent the actual process with accuracy. This means that
the parameter constants in steady state are available for the unsteady state simulation, so that the model
can be used for an optimal designing of the continuous steelmaking process and for the development of the
process control strategy. Moreover, the assumption that the gas flow rates have an important role for bath
mixing can provide a valuable aid to understand the steelmaking reaction kinetics.
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Fig. 1. Material flow in the model.
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Fig. 2. Schematic representation of the application
of back-mix model to the continuous steel-
making furnace.
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Fig. 3. Bath mixing block diagrams for metal
and slag.
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Fig. 4. Impulse response in the metal bath based
on back-mix reactors in series.
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Fig. 5. Impulse response in slag phase based on
back-mix reactors in series.
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Table 1. Chemical composition of fluxes and iron ore.

Materials | CaO | SiO, = MgO T.Fe | FeO | CaF; | ALO; | CaCO; P | S
Lime '81.05 | 7.35 ' ] 11.56 | 0.015 | 0.024
Fluorspar ‘ © 4.72 | | 91.99 | f
Silica | 1 99.9 4: ‘

Tron ore 006 331 | 0.0+ | 66.99, 0.30 1.67 ©0.037 | 0.014
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BES AP LBERBHEBEINTVWE L EE2ERBLT
EERHE A 9 kg/ min OFE (FS8EIEER), wh=
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4 kg, 47kg & L7
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Table 2. Operating conditions and results.

Operation number 58 59 60
Stage of furnace 1 2 1 1
Hot metal flow rate
( kg/ min) 1301 130 | 130 130
Oxygen blow rate
(Nm3/ min) 2.2 4.4 24| 2.4
FI lFeed rate (kg/min) 9 4 10 12
ux Ca0:CaF,:8i0; ~ 15:1:0 [4:1:1 15:1:0 [5:1:0
Iron ore feed rate
( kg/ min) 1 0 1 1
Total number 4 5 4 4
Lance for oxygen 0 3 0 0

Lance | only
Height (mm)| 150 [ 160 | 150 | 150

Angle ey 5 5 5 5
Pig iron (°C)| 1450 1380 {1400

Temp.| ot metal  (°C)|1530 | 1690 |1460 | 1490
Chemical compo- | & | 3-89 5.0 | 0.5
sition of pig Mn |0.55 0.53 | 0.55
iron (%) P |0.13 0.12 | 0.10
. c ! 2.82 o.04 2.8 3.10
Chtiatrplcal fcct’]mtpo‘ Si <0.01,<0.01:<0.01!1<0.01
s ‘g’“l O,y)° Mn| 0.29] 0.12| 0.20 0.26
metal (% P |0.028 0.010/ 0.018 0.027
CaO | 51.3]25.4|50.4 | 61.3

SiO, | 23.6 | 17.3 | 20.3 | 14.1

. P,O,| 2.7 0.8] 2.7| 1.9
Chemical ==~ peO'| 313|26:9| 99| 53
cl"mp("j‘)‘“ o' IFe,04] 1.9112.4| 4.5| 6.0
slag (% MnO | 3.9| 52| 42| 5.5
MgO | 3.6 (13.7| 2.0 2.2

CaF,| 11.3| 6.7| 7.8|11.5

Oxygen efficiency (%) | 83.7 | 86.0 | 80.5 | 83.0
Heat loss (%) { 7.8 7.3| 9.3 10.6
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Table 3. Constants and out put data calculated
by complex methed.

Operation number- 58-1 59-1 Data for
stage simulation
aco 0.00019| 0.00020,  0.00018
do 0.0010 | 0.0010 0.0010
S asi 0.0071 | 0.0063 0.0070
System | o 0.0240 | 0.0218 0.0240
constants |, 0.0116 | 0.0080 0.0120
OF 0.856 | 0.808 0.800
X 0.38 | 0.34 0.40
Tbm?(°C) 1506 | 1431
C(%) | 2.59 | 2.73
Out put | i(5) | 0.008 | 0.006
Mn(%) | 0.266 | 0.159
P (%) | 0.032| 0.021
FeO(%) | 5.6 13.5
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Fig. 6. Schematic representations of a : NRIM
start-up and b : semi-batch start.
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Table 4. Input data for start-up simulations.

Run 58-1 58-2 | 61-1
Lance 1 2 3 4 1“ 2 3 4 5] 0 o 4 4
. : i ' } i ; I i \
Metal under " k) 7O‘i 70 70 390 20 20 20 20 3% 70 70 70 390
. I i i 1 { J
Slag ““dcr‘”e”k ke) 7 3“ 1 35* 75 5003 1 35! 100 6 4 47
‘o . | J |
Initial flux welg?tkg) | 10‘ 10'7 10& 10i 8 8| 3! 8 8‘1 10 10 10 10
Half of metal , ! | | ! "
5 | | 200
hold ( ke) 100} 100 100) 2 75 73 77 200! 100 100 100
BEEHZE L TRD bR, HerasyMenko ORNBL Y BHITH DL LV 2 B85, X

Fig. 6 (2) WEROFELARRILLADDOTCHS.
VEiaVb—YarORRELKLE 58 EEBOHEL, 2
BxdF &5 61 MIEERDE | BRF O TR EE, BHERH
FlsRr O R E EERIOBHNEEE R X UK T o
LSRRI ER Table 4 Ry, # 2 BIFEDE
AN GMAR»P 582, 3BD2EDI L ANLD
HPFBINTVBH, EFVTRE2 I APLOERE
RIRED 55 0.5 kg/ min R 1 5 o 2 LKA T
BEMBEL. ERE 2B OBBHEERE S AT
ADE VERFD 4 KD 5 o AWAALE & SIS R—EB i
B ohTwas o ep s, B I1ERFEOAOH 3450
HEHEZ 4 ARTHETH L LTI 225F s L.
B2BRIFDOR S SEEEN OB OEERIBHAEIE 1
BIF XY b 7w, BheEnEXnEl, 2BFEL LR
—THHTLErh, ETHEERE 1 RIFLRASECHS
LT Table 4 fis L.

B EEBROIEHBAARIT 31T BIFBTE, Ko B XUV
EORBIZELEA v Py bF—2 E LTEIT ALY T o
L— b USSR Fig. 7~9 o . BEEHERNE
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Fig. 7. Simulated results of the 1st stage in exp.
58.
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Fig. 8. Simulated results of the 2nd stage in
exp. 58.
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Fig. 9. Simulated results of the lst stage in
exp. 61,
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Fig. 10. Simulation of semi-batch start besed on
exp. 58 data.
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