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Investigation of Decarburization Process Based on a Mathematical
Model Considering Flow and Reactions in Bath

Masanoby NAKAMURA and Mitsuru TATE

Synopsis:

A mathematical model taking the flow and reactions in bath into consideration has been developed in order
to investigate the decarburization process quantitatively. This model s able to simulate well the variation of
process variables.

The knowledges obtained from process analysis in this study are as follows: (i) the low value of oxygen effi-
ciency for decarburization is due to the low value of absorption efficiency of oxygen, namely 50-6094, which
is further caused by the relatively large resistance of mass transfer in gas phase; (ii) the fire spot occupies
the area corresponding to the width of gas jet; (iii) the variation of exhaust gas composition is primarily
determined by the division of unabsorbed oxygen between the combustion of CO gas and the oxidation of

scattered droplets of liquid iron.

Finally, the self-acceleration of decarburization in commercial converters has been pointed out.
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Fig. 1. Local Sherwood Number data at con-
stant nozzle to block distance and vary-
ing Reynolds Number.
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Fig. 2. Average Sherwood Number correlation.
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Fig. 3. Division into four subsystems.
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Fig. 4. Concentration profiles of oxygen, carbon,
and iron in a selected element of fire
spot.
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WAL B OZERE L L THF/-E 1 500~50 000 keal/
hr-m2-°C (0.42~1.39 cal/ cm?- sec-°C) OD&EIFHIZ & F
NTEH, —CORUDSH 5.

H A BB IIHEE ko, DIFBR X U5 o A8 S K
PECBELTIE, BT o v s REMITER SIS LN
R TTRBESESOBEIC BT ¥ L0 b D
7o EEAMEREIC OV T, BERKE LT he-4s
=2000~5000cm3/sec EEDEZE:-

Br =DV Tit 0.6~0.85 G ohi. Licho
TRMTHEK LA FeOm0.15~0.4 235RET 5 &0
$5%0% T ORIEICIIEBIIRILIL V. 3, I 4 AM
ROEMEZHALS> 5L 5 CEDLLDOTHY, 55
NBIEX O L DR OBWIT .

(EA U7c BESEBOE B4k BE R ZERT FACOM

230-55 i TH Y, FERMEIZE 4~7 min THDO7z.

6. & =

61 HEEFILORMEICDNT
H¥EEFVORAR L L DTV B WL D DEE DV
THEET .1, #AMESIHEROHER (1491
ERERBORELEE LIHEPEEN TV WDT,
FHEIC X2 TR LN consty, & [ WX DEENREE
RTVs cBibhd. LinioTfd bl zid i
REDOREL DRI XOEFEHT A LT TER V.
200, IBEERTE OMBYRAR S A EAE R X o
T HEINTWDHE LT, TOHEEL (34) XD
kDA, FEEICRE A AN X ABIIE NS 5T 5.
B TR O W FE % B3 % 7 bl v, TERE /S R EIA
Brms UL ESD B, ThR—ICEETSHY, LA

T T T 2100 T T
Temp. of fire spot ey
P po Eﬁ Flow rate 0.2 Nm¥m|
- [1 Poz 0.6alm P70
§. Lance height 100mm|
30 o £ | 60
) b
2 1800 _ - 50
(%] o 4
20 Temp. 51900 ? 0~
of = - s
eliquid 2
iron 1700 & pods
(&)
5
° -
E400- 1.0 5 1208
§ 2
e g
a
© 600 £ - -fo
[
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i i
=% 30 0 g

0 20 20
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(a) Variation of process variables with time.

100 ] T T
~ 80 —
5 C - y
g 60 I Oxidized Fe N
o
s
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2 4o —
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3
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© 20 —

ol | AJ“Q [
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Time (mir)

(b) Distribution of oxygen.

Fig. 5. Calculated results (const,=0.17 %108,
/31=0.85, ‘82_—‘0.12).
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2600 r ; »
7| | Flow rate 026Nem
<> Po, 084 atm
g Lance height 100mm
Hex0f
5
e | § -
z [ i
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700 = 3
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5
§
R

—a\,_.ér

1 1
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Time (min) Time <n'3.)

(a) Variation of process variables with time.

100, T

1 0;
~ 80 —
*
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3
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3
E]
K]
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O(D

10 1S 20 F3
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(b) Distribution of oxygen.

Fig. 6. Calculated results (const;=0.19x 108,
B1=0.75, B,=0.47).

Table 1. Numerical values of parameters used
for calculation.

Common conlst1 i 0_%72X 10-¢
parameters hp | 0.4(cal/cm?- sec-°C)
Individual comst, | 0.15%10~0.4x10s
parameters ﬁ; 8 : 8;3082

The value of §2 is one which is used at the start of calculation.

SIBOEIREESE RPN M AR EFFC L O THES
TV shiFTirivoc, (34) Rt/

B3, To (34) X 0 ZYHT DT Th B,
KnGepeL 57, JIIFI5 ZiESAKEEE 2 EB LIz &
Z5h, (34) Mz XA EEIFMEDR 1.5 ffizko
fo- ANMESM 13 Ps OFHIICOWT, BT (18) ik
WINEMER E a4 VDREITIE & A LIRS K EORODIRM
PEBTELHE COWT LN DTH D, (%
DIEE/ 24 NEE) BRI e [Egh®R | 25 20RCE
TTH5DC, INPERZHLERAFLEEZTVS
(34) RITEREHZ ANTHET S L 20~40cm/ sec

DlEEB. EH L SREBERE o (33 %/ 04
WVEE) 13 200/440=0.45 THA D KEVREIRIZED,
4ﬁﬁmiﬁrgbk%<&orwaaumna.c@

21 (34) REAVBZLEMEIES DA, §ik (18)
ﬁ IFBERIE A 5 8% < R FRIOBGE Ei
WCX<EDLLTEY, R E LCHHLE.

WA, O RALOFIGILE LD HEHREFmDOS b
KEMTIRD & Lichs, BT v v JREFIEE»L
BAGass X 5 (Fig. 1), B0 b @i B2 % 2 hud
TLTORIEREMETER Y. DT BT OES
KhdHTIES E B, Lo TEMRIE, &2
WIEHREOLEFMOZELEER T HLENRDS.
LB LEEFANDE HTKkETDHRD Op H A E DG
KEDHLELTHDVESTD, BROFHEILSEDLT
WT, +oThdEFZRD.

EOIL, KETEHAER LA FeO O—Ha ML+ 5 &
g L. ULa LEBRCII A S Tri ) DRREETS
A€y PREZCEHILTEONPFHTHE. KEHTE
BU7cBR LA TRAZZ D Dl D>, ¥Rk E L CAE Lk
{3 5 o0, iTdEE{Lek% &AL A RE LEELT 5
D, WFRE hErdA It T ORAEENL, BEE ORI
R KRIRE, Lo 2> TH 2 HHMABEREOFI
EEECEHELTVWHEDT, SHOBFBLETHS.

e, MEUEZIC C BHEAET, BERS &3
BAfRE Lic. ZORER, CHEALBEFHRIPREHIIT
& ERE LB CTRIRRCH»EE 5 LT 5% 27 L O
i, C IRECHKEEZEOFEHRCBEULELEE Uw
2, BRRICEE LS BEMBE LS. ZoEHRE
DEHICOVTHEEDOERXRNNIENLLETHS.

71, Fig. 4 KRT XS5, EIGHE»SBESEEREK
i IEBREFEE LAV EEE L. ChilkSRED
FRFRIRIE Cron MHafiRETH Y, BHEED O iRE
# Cioli WHNRTHHMT/PEVZ EE2FRC LTS
Lie D> CHlER C BERLIBHEKD O RESEIK
WX T L ZORTRBIR D iy, EF DR
Yikiadebh s 2 LTl 5.

Bz, KETHEMRL: FeO II, BEAREICED
FNBHEMBTHIEES BT 25 (9 RO
INBETBEEE L. L LZOSBRGCOEER

C RELBORSGHEKEBC EUEFLTHY, BR
CIRESES TIIRBIZEL 5. NiREREIKENE L
NEGREIGEERRL 50T, K% EERGEEKED
B3R TORVBEVTRIENIETDH 5.

6-2 BohlcAMROEY

HEEFVLEISSERBROEENBR B8 LN
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EREENTHERDI IS,

(i) BARGE X CRORSBEKES ZRE Lk
HFEFNVCEOTERBREZFMAT LB TEL.

(i) AERTIRRBEDRIT 40~50% &, EFR
DOEBRFEMETONME 60~75% X DL TEWD, £h
REEEDRINEHEF D & Dhs 50~60% {27l &
X B, ZZTHED CREUASKIIA IS ERE T AN IR
fLL, T LTENPBEURICL E5H & ThiE, RINsh=R
tL Fig. 5, 6 (b) o M4 55 (9 20%) X<
70~809% L7sbh, FELETELLAEL BAD
N5DT, SHORFAVPLETDS.

(i) Ok HEFEE (66), (67) MICT & D IICiEgkE
g BT aRmEc R SBEIC &5 L, kKAXRA
DIEFEIRE Croy DOFIEMET A SEE IV % BFfiRE
IEVEIZ L B Wi ZAUE A SR B 5 1K
EDOHRTHHEHELLND.

(iv) 5 2o CO, CO, BEVE, FAZLE) &M
AEH L7 HEMELILE TR T T L VIR Tk~ 7253,
I DFEBREEE, BHERANOKRBINAEFR D, CO BRBEMIG
(1) X & Mealsek o BLEUG (12) X~ SrEcorda
EVCIE S, IR NEBNEIRE W 5 PRI & B
MLk, =R N7 Y o 732k A4 Y o ZiTda
LTwdEBbh?

63 BREZEDROUAEINDIEH

P I 15 B R oD G TRl RO T oD &
DM DI L S b, T 2T, S EAED
ERTH D EBbhd O, OKMBAMEEEEO RS X
WOWTHEET S, TOBE, EERTHE-—RC K S D
FHA R CH B DT, HEET 0 v FIRENTEED D
B oo KAENMERBO KT 0) RicK D&,
Wai s EshB Oeh®E S h 5 42 R,

5 O-Ny, BREN ZDME, BBESILE —E LT 5H &,
PRI JEHEAE D & MCmFRC L (bid R voT, O, o&M
NEESEEIMESHFRBORE S COAKTT 5.
LIcH3 O TIRRE D & I OfROMEBBIE L £ 13 (75)

R&Ed
E=R9-90. (L;/dy) =015/ Re;;0-90. (Ly/dyy) —0-15

---(75)

S XIWHBEH D 01, 1 TEELWEL, HRE—
EEEFTE, (75) ReZHLT (OREE5

¢={(di/dy;) ~0-95. (L /L) 01 ...............(75)
(76) R, / ZAFEE N T D0 5 AEXE T
NREBBEEMDL, BREOFHLE (0:(8) +C(s) —
CO,(g) DRI SN BEE) NUEINB L L%
ALTW5.

PEDZ EREANCIBEHOBRICLHTRED LE
z2bh, KEREH BT HEID /7 IvEE I LT/
L THENPRE T AFEETTFLZLICEDTO, D
K[IENESEIRIIHE X, L & RINEREE S
hopZ it sd. L UTHERLACEILEY TH 22Ty
BEIGERI L, BESBERBRRIIGKHERENSKL
KR ESR AT SN D.

7. REFOBRRRISEBELCONOT

FIERD s X AR HA2 BT, SEERAWMEERIETIE
AR & MR RCHEP RS X5k d T &% mL
fohd, TOTERFEOBELELETS.

RO, ERFORRKICERIC >W Tkl h
TV BB, T OEPMIBERFCIE>T, KaAZ, 27
F-RA RN o L F0T, KR RS D3
DIEKENEEL, THLEHLDORMELTEERA
[P LIE X T 5. ‘

& ZAHTEERFOBEEAFEETH 1.0NI/cm?- min
(firgh Table 1) THbh, EBEFHBICIL~T 10~100
fEDOEPOT KELHETHHILE B2DHE, C O
B OFAFRENIC X O TRIGTHTENCEITL, BEER
I & B BGRIAS R B X 5D L Bbhd.

LIch D ChoEBE, LRVt Ind, B
ERILFEFE O BENNIC X 0T 100% F8E A% (AN it X
NBAHEVER TR L7z b o &3, P RG> B
L7zl TR WOT, TR CHEE £EEED 1009
BRIl s R RAEL TV, £ TH
BREEENRDE LN HEHERDI HICHEZD

T bLEERFE TR, / XAHOF 2ABEESE D
TREV (v v "B 2.0) /cDTHENEBEHREU
FhE <, YERAEEEITE 100% S EEWCELRE L T

5L Bbnss, BRVITIWMBoREHE»EL L
TV = v bOFRENFHERICEIL TV 572D REFT
<, BIRETE D & F 7o BE R IR BUG R S
Aaht, BEOBRESIEBEILEOETHIC L DE»N
L. CORETORBGEEIIFEEDRGE~OSEIRE
DRI LT C OBBFEICI >THHEZIND.

T, RRFEICOETICES C IREDETIE, RE
EHENORPICE>T C OBBIEREXET S, £
i X ) BUSHE K siERe % 5. £t LT 1.0~
2.0% C ME2ASELWEA Y &2 3&ERITES
I, ZOFEA Y E 2T UDTHEBIIZIESE
LIRAREI LD, K4 ) 0 FIIERERINERS X K
MEMEIC L DRRMICHBEIEASYE, BE, KEOH
BIRPABA IS, T LIS IR EE &

— 55 —



254 % & £

% 63 % (1977) 2%

mEES. Lo TEZEVREROEMIFER L v
IHRERTHDHEXZVAD. TOXSCERFORE
REJGWTHOHEEMTIES N, O EBERINSE
LEIREBEEDRL L HIT 10% TIFS %, whbDHEEE
POAERERABE L i D, REGEE IS KEERT.
Ten—RFTa—~L V7 NTo—DREPERIT O
TS, V7 b T o—TlEN— F7o—iz HRTKHH
RBFHEHA K E <, O, OKHENBEER /NS, &
LIy = v FOIRMGHFENERI X2>2C5l&RzEh5
PR DRGSR LT, £ U7 B Lek D IEoR 18
NBRbL LRy, BRCERF SN AROEBRC I OTE
FRHNIE LW HEA Y o FEF|ERIL, 20y 5%
EO—ERE 20T 5, EERMZEBEANICED 2 F
NEEZOHI RIS DI T X DIRFER T E T,
REEEEDEE LS LTS, DFEH VYT v T o—
TRFA Y VX SBERRGOBCHEERITHL, K
FOEEODRRBEVRIBWEC LTS LS.

8. &

BEEDHEENC OV TOEREFVICSEBIL, BREG
BICROEREHHIFREBEHE L BEs 7 v e E L
oo TR ESEERER> TR LCEREA
BB B MR ICEEZ LT T B E D
W, WOMBEB/. PRERELRL 40~50% LHLL
TARNERENE, BERBBEhE £ 0 Ohs 50~60% & K
WZliLHh, LI ELTORRITAEAABLENIK
PRAKENZ E, bbb/ AVRLEDT o A&EED
AHHSIIBEBPNET L, KERIBHEERIEIC
B DEFIECRD SBEOHEIETHELELLNS T
L, PR CO, CO, IREDERLEENE, BHH~D
KB IEEFE D, CO FABREERG & REGASOBRILE G
ANDFEOPREVWTHRESL Z L, BBELIHTR DK

SORERFP CEBRKEFDROBONIMHEEE
LT, FERFC B 5 RR RGO CEER >V TR
il L, 100% EEFEASEBE BT X5 7o D441,
KA T REOBARRRE LD D THH L L%
RLA.

i

= >
A. FRZTZEMTORS, HiREEGEE Y, —i%,
Qij=0¢ij (E;—Ej)-Aiorj, Qic=he-[Ti—T¢|-4;
Pij VE BFEREGUHRRINETH Y, T O kdDFHIE LK
21) ifEofe. NYFERSLEE T ORI EGEE T,
Qrya=er, (Er,—E4) - (41+4,),
Q'rya= (Aihy+ Ashy) - (T, — T 4)
cry BEMRAIER, b, b BFEAEEORE S X THCE

— 56

EmEHSOBRMNRESRERTHY, TOEDFIMI
WEE 22) T X ot Ay, 4 WA FhEES X UACE
rtmEHooEmHTHDH. Ak E FEMEEI IO
I NF—THY, Ej=0-Tj* OBGRZHD. o
WEAF 77 -Fy<EBH8ThHsd. X5,
Qc,=4c,- (ki/4Dy) - (Tc,—Tr,),
Qc,=Ac," (k2/4D;) - (Tp—Tg,)

T
Q2=[‘TS(GOg'CPOz""GNz‘CPNg)dT
. 1

4Dy, 4D, (3B DFRER X, kyy ke 13D DIFEEOBAE

BT, £h*Fn 2.0kcal/m-h-°C22=0.56x 10-2cal/

cm-sec-°C, 0.15%x10-1cal/cm - sec-°C DOiEZERH L

Foo Ty O-Ny IREF 2D AN RBETHS.

B. n=(E—A-D)/(D-B+C), Gouy=A+B-n

22T, A={Cp-R-T¢? (C,+Cy+Cy,) +V-Qi} /X
B=—{(1/2)Cyp-R-Tc>—V-(—4Hco,)} /X
C=V'm+V'ng, Ket+nco Ko/4V ng,

- Y- (—4Hcd,)
D=—nco,/V'm+ Y- (f CodT) /1,
+3ncoV o, - Ka/2n
E=V'ng, Ks-Gy+nco- Kz-G,/2V 10, +Y-Q,
X={Cp-n/-R-Tc2+V-(f CpdT)}/ny,
Y= (2ncoV'no, n¢* R+ Ky Hy+neo, R,- V) /
(2C;,1/77FR-R1-T52), H,=—66700.
Q= (Qs,6+Q's,6) +(Qs,c +Q's,6)
+(Q4+Qs)+Q:— (Qec,+Q'ce,) — Qs

C. hEEH—%

(i) A4dHcos=—36440% (C+(1/2)0,(g) »CO(g))
4Hcop=—8510 (C+0O—-CO(g))
AHco,=—66 560 (CO(g) +(1/2)O,(g)—>COxg))
4Ho=—27930 ((1/2)O:(g)—0)
AHpgos=—58500 (Fe(l)+ (1/2) Ox(g)—FeO(]))
AHpeop=—30570% (Fe(l) + O—FeO(]))

FIFNEZZMK23) I kD7, *EIFEF R X H5HEETH

5.

(ii) Ki=exp(—4G/Ri\T) TH 5,

4G5 =—5350—9.48729, 4G, = —66700+20.23720

(m)e%=02ze85—ojyu
(iv) Dg=1.74x10-%xp(—11300/R,T)-
(14+0.52 [%C])%®
Do=(5.5940.80) x 10-3-
exp[— (19 500+ 750) /R, T 129
Do -peo=(6.60+0.15) x 10-3-
exp[— (107004 600) /R, T ]26)
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A o ZVERTFE, BT o v 2 EmEHE (cra?)
4 j O (cm?)
Cj, Ci* : RO @ (Ff) TLVRE ( mol/ cm3)
cpi: J R DEE € NV ELER (cal/ mol- K)
d : 7 X (cm)
Gj: 2 ZXvin j S ELVIRE ( mol/ sec)
G,: (43) RceELINBE CO O£ NFE ( mol/sec)
g B HHREGK 980.7 % 103(g-cm/kg-sec?)
ho MBERX (cm)

hp, he : B, H AAUZERREL
(cal/cm?-sec-°C)
J BotEYE 4.184 (J/cal)
Ky (11) oo RGO e (1/atm?®-5)
ko, + H 2 A E BEMRE ( mol/cm?. sec-atm)
L:35 2l (cm)
(V)i @ j BRGr DEATER S 72 b BEHITFI90, BEEE
(FfE), XiX®AEZLELEE (mol/cm?. sec)
no (1) KOG X % € VEZELEE (mol/ sec)

nj: FNHARD j RS DT VL ( mol)
ny R HTRADLETEIVEL ( mol)
Qcp Qc, + B OIFEEMH X 0 OEENEE (cal/sec)
Qij ¢ i TP JEASOMSEEEE (cal/ sec)
Q'ij: i {H D j EAS DI IRACEERE (cal/ sec)

Qs : Op-Np [BE T ADIRAC Y S ABEEE (cal/ sec)

R [URER 0.08205 x 103( cm3-atm/ mol- K)
Rp : Fig. 3 @ OA O X (cm)
R, @ik 1.987(cal/ mol- K)
t o FEALRER (sec)
U:#H20 =v FOEE (cem/ sec)
V : fFRH 2O (cm3)
AWre : TASROTRELE (g/ sec)
Wi: jlSOEE (8)
Wpe : BB EHRE ODnEE (kW)
xR AR (cm)
B1: KAETHERKUIEBILBROBARE~RD ZEh
LEE (=)
B2 : MBSO (12) KOG X > TE{LIhD
& (—)
4(x) : X b BEEE x kT B RIGE (cm)
7 EREANELD 3 1 AThE (=)
6 : R EATO R (sec)
pj: J RS OBE NV REIEE (g/ cm?)
& ¥

A K&K, B.b: EgAk, C o 5 0B OERG
X9 EDERS, C: OERFEOEKEEARLTV5H
2y, G HAM, 1 kEFE@E m:ohlimlk, 2ok
SR DRICHE, R PESEE(ORK & R, R :
PENRE (24 v EBERL), S - okl S IABRKE
ChdR), S igkRmE OksifBLY), 1: v Xovthn
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