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On a Reaction Model of the Oxygen Steelmaking Process

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

Synopsis:

A mathematical model (resistance model) has been developed by assuming that reaction rates of the oxygen
steclmaking process are limited by the mass transfer which is affected by the bath mixing caused by the jetted
oxygen and the generated CO gas. The characteristics of this model are discussed through the comparison
between the NRIM continuous steelmaking process and BOF process for the probale range of values of resis-
tance coefficients and oxygen deliverly ratio, both being the essential factors in the model. As a consequence,
it becomes clear that the resistance coefficient is independant on the furnace size and takes a value of

practically constant range for each reaction.

Simulated results of single (1 lance) and 2 (2 lances) staged co— and counter—current continuous steelmaking
processes, BOF and VOD can be regarded to represent the characteristics of each process.

From the foregoings, the assumption that the gas flow rates have an important role for the bath mixing can
provide a valuable aid to understand the steelmaking reaction kinetics.
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HiehdEVisd. KEFVERWIETZS - v Mo X
HHIBHZBIET DL, ML BRTBMBEE F D
WCHFETSEBOKNENED b D, EFICH T D
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Table 1. aco calculated with actual data. o Sipus Q
si= ;. =
Si; + (Veo+V asi
NRIM process o Q co+Vo,)/asi
LD process® i =1/{1+1/(QRSi)} cerreseennneene (11)
No. 51 No. 53 asi WOWTEELDDBHE,
Actual g 1.0 0.3 0.06 0.64 asi= (VCO+ VOz)/{Q. (1/@31-—1)} --------- (12)
(%) Q 001 0.02 0.07 0.012 ifi"zﬁiﬁ yz%ﬁ?éﬁ@&ﬁ%@ﬁbﬁf, ‘3‘/}{:\
Caleu-| O 0.0022 | 0.0075 0.049 | 0.0036 &L O HTARHRER D REERIBE D asi FROX STl
ate:
(%) |40 0.0078 | 0.0125 0.021 0.0084 Coktn. Sz LA OREE BREREE,
aco ]1.4x10-42.2x10-4 3.6x10-4 [1.5%x 10-4 CO ZApEZ TN ThOLED I/n LETD &, &

Higdo C, O HE»SEH L7z aco & Table 1 jziR
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"ol 5H, RIRERETOVE 2 V—vav&fT5 R
T, LD X VIEBBESNL L ETRETHIOLED
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Table 2. ag; obtained from actual data of continuous steelmaking processes.
Process NRIM Bethlehem Steel4)

Run No. 51 } 53 l 55 ] 30, port 1 30, port 2
Metal rate (t/ min) 0.13 0.13 0.13 0.0832 0.0832
O, blowing rate

(kg/ min/lance) 0.8 0.93 0.8 0.935 0.935
Number of lances 4 4 4 1 1
Sampling position In Out In } Out In Out In ‘ Port 1 t Port 1 ‘ Port 2
Composition (%) ’
. C 3.85 3.05 4.0 3.0 3.74 2.71 4.38 3.2 3.2 2.5
Si 0.62 0.005| 1.0 0.009 | 0.59 0.019 | 0.69 0.12 0.12 ‘ 0.02
as; 0.0046 0.0061 0.0059 | 0.0084 0.0063

— 25



1336 g &

s 64 4 (1978) % 9=

10
© Ref.5) Fig. 5
039 A& Ref 6) Table 2
° 3
0-8 [ ) 4
e 5
07f ® Ref. 7) Fig. 4
~ X 6
J, 06t a 7
O o 8
< osf
[72]
04t
03}
02t
o1}
~.
0 \\'\\\-‘
0 10

Time (min)
Fig. 1. Gurves of the residual ratio of Si.
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Fig. 2. Relations between gas-liquid flow rate ratio
and residual ratio of C and Si, respectively.
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PABKEEDTHEEXTHITBORLTVEIELE, £
DEN KEL BB LiE i vwas. WPBRET
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57 5 1E, ERRERoZEOHMEIX 2.3, 2-4 Tk
N HIFHRE &b,
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SRR I F1) BRI L RLRES OB L, ¥R
Pk OEE & #E5L & oBfRERRET 5 & Fig. 3 T
255, EEEMETIE Fig. 3a OX 51T, Reo i
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Fig. 3. Comparison of resistance variations of con-
tinuous steelmaking process (a, b) and LD
process(c, d), inc. : increase.
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7o, A5 TR OBIRVBEZHITR D, BEEELERI
T L MFHSNS. BEIFEOFRBREMEIRZ 5
135 20T, AOD pig3k E»%Exbhs. 23
THRAR7ZE ST ADTRRE aco Z/hSLTDHTE
REWRL, Ar BINORRRIS~ORREIXIEETI N
B, EHRNTIE(2)RD Veo ORI Veot+Var 1R
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Table 3. System parameters and operation conditions used for the simulations of
oxygn steelmaking processes,

1 staged Cocurrent Countercurrent
Ist stage | 2nd stage Ist stage | 2nd stage
aco 0.00015 0.00015 0.00015 0.00015 0.00015 0.00015 |1,2.5%x10-4
ao 0.003 0.003 0.003 0.003 0.003 0.003 0.003
asi 0.007 0.007 0.007 0.007 0.007 0.007 —
aMn 0.007 0.007 0.007 0.007 0.007 0.007 —
ap 0.01 0.01 0.01 0.01 0.01 0.01 —
X 0.85 0.85 0.75 0.85 0.75  [058mind.95 o4 0.8
Keo/Pco 4.55x 108 | 4.55x108 | 4.55x 106 | 4.55% 108 | 4.55% 106 | 4.55x 106 1,5x 108
Heat loss a) a) ‘ a) a) a) b) c)
D) 1.4 1.4 1.4 1.4 1.4 1.4 1.4
7s102"% 0.01 0.01 0.01 0.01 0.01 0.01 —
AR 2.5 2.5 2.5 2.5 2.5 2.5 —
Hold-up (t) Initial Initial
Metal 9 9 9 9 9 10 0.1
Slag 1.5 1.5 1.5 1.5 1.5 0.2 0.0005
Input rate(kg/
min)
Metal 1000 1000 O.P. Ist 1000 O.P. Ist 0 0
Flux(CaO) 70 70 0 0 70 800kg/15 min| 0
Oxygen variable 40—38 37 4038 33.5 40 0.0714
Metal input Initial Initial
temp. (°C) 1 400 1400 O.P. Ist 1 400 O.P. Ist 1 250 1700
Composition (%) Input Input Input Input Input Initial Initial
C 4.0 4.0 4.0 4.0 0.43
Si 1.0 1.0 1.0 1.0 0
Metal Mn 0.8 0.8 O.P. Ist 0.8 O.P. Ist 0.8 0
P 0.2 0.2 0.2 0.2 0
O 0.001 0.001 0.001 0.001 0.01
Slag | feg |9 9 Jor. 1t | O.P. 2na| 2 9
Scrap (Fe) 0 0 0 [ 0 0 2t /10 min 0

CSP-: continuous steelmaking process, a) Hl=HL (Cpsteer W+Cps1ag-w)- T4/ 16003, HL=0.016,
b) Hl=HL (Cpstee1r W+Cpstag @)+ T2/ 1 1600, HL=0.016, c) assume 1 700°C constant,

O.P. 1st, 2nd : outputs of the Ist and stage, respectively

T, HBIRES B D+ E 5 EmR S 0. F o
7o HUBIRE DS 1600°C 282 % L #iB» AT 5 X

SIHEERZEZ L. AW PEBIRRIE®R EF U
EROHEIEFHR® & HErasyMENKO DM % F v
7o PEEEIC A WeEERENL, CaO-FeO-Si0, %
JREEMC Ncao/Nsio,=3.5 DD Npeo=0.05~0.30
D#iF % 0.05 Z LR E OB BRILY OER R D
FHETHS.

BERIORT ZVORBBRRCR LESELR -
BEWMHEREEL LCRHTS & Lie. SEGENE Iz A
U7ziEis] (CaO) BEDLWWELT B L Lz, EiiglH
TV 800kg »% 15 min TEETIELT 5 & L7z, VOD
TR EREBIARTICE LIIE T LTCws & L.

TR UL72EE#1x 1BM 360/M 65, HITAC 5020 F,
FACOM230-75 =, Z3Ex DYNAMO ¢ FORTRAN
Wz,

3.1 BREssmE

PEBLIRE 1t /min, JE¥EFIR AR 70 kg/ min g
BUEMF T, WHEMFIRE % 20 kg/ min 725 70 kg/ min
T 10kg/min X% E LBEOEKE TR 58
WARRE DI sy L% Fig. 4 1074 &R0z
TBIRRIF OB E L BIT 583, 2-7 THl7z & 5 1ol
R CIARPUTE VDB 5 12D H 35221 13— 3 5
H DT

ERRIE 20 kg/ min T FeO 23Ky odix, Si, Mn 73
BRBILT 5720 ThHD. %7 30~40 kg Oy/ min <
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Fig. 4. Computed results of single stage continuous
steelmaking furnace.
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Fig. 5. Mass flow of co- and counter-current models.
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