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Theoretical Analysis of Oxidation Reaction Taking Place
in Molten Steel during Refining Process

Shigeo AsAl and lwao MUCHI

Syrnopsis:

Oxidation reactions taking place in molten steel in the various refining processes have correlation
with each other through oxygen in a steel bath as 2 medium of the reactions and the transitional variations
of each concentration of the reaction components in molten steel may be determined on the basis of the
balances of the following two kinds of driving forces. Namely, one force has « essential tendency allow-
ing the system to approach to the equilibrium, and another force caused by oxygen supplied into a bath
acts in the opposite direction and has a tendency to keep the system away from the equilibrium.

On the basis of the function of the driving forces mentioned above, a simplified model is proposed
in this paper, and the important-dimensionless factors, A and B, determining the effects of the feeding
rate of available oxygen, the degree of mixing of molten steel and the temperature of molten steel on
the transitional variations of process variables are involved in the model.

By the use of this model, the experimental data of oxidation reactions obtained by the other inves-
tigators were quantitatively analysed, and the differences in the proceeding sequence of the oxidation of
silicon and the decarburization which were widely known from the comparison between the experimental
data obtained in LD converter and those in the crucible were clarified quantitatively in this work.
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Fig. 2. Schematic diagram of equilibrium line and
operating planes in rectangular coordinates.

-0 DOERROF - 2RI S LI~ TWS. Thix
SEEEEE DN BET 5 L N OHEE S OB 1 b,
LK OHEE S OREMDIE > 53 % 0 B B 7oth & E %
Lhb.

T hic, CG-0 BkEFERLEE X F% C-Si-0O Bk
HBHiE C-Mn-O BARICHEET S5 2 &ick>C, LD
RIFOREFTHAOND ISRy A ERICH IO~ ~
H G EECET T 28R E, VY RERTES
B XS BRSO EERNCET T 2 R 5% T
HATHZEBTES.

Fig. 2yx, Z#hiz@esk, XwhicRER, Yoy 4 %,
BBVIET N CRER DT, O-C-SifRd DI
O-C-Mn BfR%Z 3RITTHEHANCRER bLAL D OTH
%. Fig. 1 @ 2 RITTOBH LRk, Z2-X, Z-Y¥H
tizthEFnZ-X, Z-YoRfEghEsrmsh, Thbd
Fhsir e TN Y ih & Xihic s 2R 5
TEiins. ik, ZH O & fhmE & 2335 ANEIT
Boh sz 3tk (3w DOHEEOFHEMETS
D, ZHREMEIKIBC L DTWDB E, FOERS DORER
oo EeRENBsZ ik B. 2T, (R
2 TR COBIERERDL Lizds, 3TROBEIIL, @
REODWTOWMERE #7455 & (3)X»ELRS.

S

[ s/wyde=(Ci.0—Co) + (Mo/Mo)
(Ci,c—Cc) +2(Mo/Msi) (Ci,5i—Csi) -+ (3)
Fig. 2 warRd X 51T, (3)RIkgnsh o offhiic o

NTERENDOFEICETRET 51Em & %. 3THRD
BAwE, 2RO E EFERRIC, T OEBRIER & T

MEDOTRICHEPOTHREBHICLHEN L, 2D
EDMECS| & LFoHLET LAEE, TDO2hHVvo
KRBT XSO TROHEBREIREZIN IO EEZILN
5.

VY REBRDPEWIT, —iF, KRBLEEMNEET
AlbhTwhicd, Z-Y(0-Si H5E O-Mn)'
DFEHERARIT Z ks XY i SER LB TN
5. —F, Z-X(O-C)oBRIEEC X5 EEL2IT L
AEZ T nwicd, O-Si H5wix O-Mn OF#EE{%
CEXOTELNDFmE O-C OFEBRIC I OTEDL
NEFEHEDREH E LTIRE IN % o X-Y FE
(C-Si Fpk C-Mn) E~OFEEHIYHOTEI
5. xO7, BFEE TG L O EIT Z-Y FE
OB D, RFXZOZTHZFIE2TI5N5DT, X
=Y FELTOFROESENL, TIHOREZFHT
HrBET, YEhOFEICE[E 2T b, RITHRSITH
POTBEITAZ LIRS, Tinbb, VY RERTIE
BREIEA MBS L, BIE 5 TRy 4 BRI 8 5 W
TN RSB IB LT B,

L DEZFRR SR OB vy, WEWIHITOBMOIEE
F N o die, Z-Y OFHEBERE Zah & YHilhic s
L, Bt X-Y SEmE OB X omiE
WWitd. TDd, FiXETXhobm, TITHEH~
LA OTEIE DT oNE T Eicid. Thbd, RE
WERTIE, Wiy A BoWi~ o RGBSR L, Bl&H
WTIRREGAREZ Sz Liwins. X5z, LDEFE®
BEE, REFR OS> CHEIMRES LAT 5
fodd, TGO X-Y EEA~OF BRI Xn{flr5Y
M~ EZERTH it D,

L D#ZIET, WBHROTEINRE LV IEESITiT, B+
22 i FHIREBIC BET 5 T LT B A5, IR
VI R AR A X D3 < iTALE LT W B 72, B0
BB LWEE, BREIGTESTE Y 4 RRIGHMEE
THIHEhBEELLNS. LDEFREFOHSIT,
MAE ISR EVITE, By 4 BRSHI0 5 RS T B4
THZERHEIINTVBE, ZOBERKITLEARDOXS
AL X530 EFELLND.

ST —RE, EESORESEVWEATE, BEEK
HOMEE 1 25 ThTwbhed, Z-X, Z-YD 25T
FOEFEBRT X oS B @@, thFh



678 & & i

# 58 &£ (1972) $6 &

Y, X#hicF Tk o2TwianT, DBRATWSE I &
MBEZLN, TOD, HHEOZHRE LTRbEND
STROVEHR D IREOREXZI T, EERKE 1
LLEBEERREODTWELDLEEZLNS.
2-2 BIRFNOHIEK
FIROFE T, 275F & STRICOWVWTEITEMEM
HEBERTIDh, Thz TR (GTHR)ITIELT
BHERDE DD 2TFRO(NRD D WIE3GHR
D(3)RICAEYTERE LT, ETHROERERE (4)K
TEbLING.
[P smdo=ei—cip —i—iZfZa §(Mo/ Mj)
(Ci j—Cj) wwemrerrersenresmencinceenceinnnd (4)
j=1, 2,-, nyx, ZzTRO, C, Si, Mn, P
OGS EEDLTWVWA. ik, a; B {L¥HERXT
Ot ¥ 5 j RO ORGEIFERTEZRFHETHS.
=, FHEBEGEY» D, £RSOIREIXEREIRE LIRE
DEHKELLTO)RDLSCEDLTENTES.
Cj=F;(Cy, T), e (5)
(4)CEBSOME Ci; 5%, (5) XxfRA
+5& C KEATHLEINELNS. ThE{ L
7 Lo C MR EIRE CF kdbhboT, CF %
(5)RuwRATHIE, ERGOTHEHIREC*(j =2~n)
BRHdENS. T, HEITDO2DHWIZXIDT, &
R DIEEZTLOEESPREIND EF 2 niE, BRE
B oW (6), o j ko DIRET DWW Tix(7)
ABE LS.
d01/d9=I(Cl*—Cl)+S/W (6)
de/d9=I(Cj*—Cj), j=2~n (7)
XC, BINTREZSBERIGE, —RCELBRREIG
LR BEHOBENPLEDOTVWAEDDEEL LD T EHT
= 59, MEOEYEIETTibh % O CERRIGITR
ERIS RS DD EHEINRS. Lichdo2T, thbik
EiddThmEBesEEs LTRIES LT3
(6) &, (7) XD Ci*(j=1~n) TBEWMAD j B
SOREBEYRDb LTWHES, —RIC, § RSB EH
KB EET D ECEnEOMEABBOREENFEET
5ELT, TORPOIFHOTBRI LTS j KT
BEREEEZ e &L, BENCHTRERE Rje &7
5. njp #(8)XNTELTZENTED LTIE, ©B1F
W BEREE N BERBERZREFIRECDHH0
ELTO)RTRDLEND
n5, 6= (1/Rj ) (Cj 1 —Cj,r-1),

=2~ m e

k=1~m, j=2~n~.-.............u...,...........(8)
1V5=W-de/d@=Uj (Cj,,m—cj,o)
=Uj(Cj*—Cj), J=2~'l(9)

6

(DRT, CiolimBEORAHED S bE—BFEHOHKA
B Sh 2IEHAEP D j KRG DE<TH D, Cim
BEnBEROEZEARPOGHTWIRETH DM, nER
TEFWICEETSH L LDT Cjn & Cj* TREDX,
Ci0 W3Hi—L72iES C; TEDbT. 22T, Uj iX Ry
(k=1~m) OB TH 1, & 2iE, TRTCOERMSE
FNEE BIEEIIL, Ui=(IR; ! ofcEbIh
5.

EEiTiE, mECEARICEL, MHEABBHEEDIIE,
RIEOEBBE TN B0, ()R X2 THRENLH
B0 e 2 BT 5R Uy »EHRShD ot h
W, Uy BRERGEESREALINE 5. =T, #
WO X 5T, HROREOBEZELTRTFE LTI %
HAL, #EHIOD) DeoBRICES VT (6) R
(M)XZRDLLT, TREHELLED, IL(DRTE
#zLic Uy LoMoOBREAITARS. Thbb, (9)
KOWLEWTE|B L,

de/d@_—_ (UJ/W) (Cj*‘“cj) (9')
L, ONAE(NREtETHE, Uy L1 LDR
OBRE LT, Ui=I-W BE5h507T, I OfbHK
SOBBICHEITTD TEBEBEZ LB, BEDXS
i, AU I DEEZRE L CERS DIREZLIbEFE L
BEEBREE 2B LA, FOFESTOWT
PWE DML R —EBE Shi. LikssoC, U=
I W oBE» 5, Uy dERCIIRS OREZZFIT v
o LWEIND. Rz, (4)RNEFEHHREDE ST
WTgEbT &, (I0OR &7 5.

[2swrdo—cx—ci

+j§'2aj(M0/Mj) (Ci j—C¥) evmnmrsennnnnnn (10)
()L 1025 ADRIHE BN
(€1=Ci = & ay(Mo/Mp) (C;=Ci) = 0 (11)

ST, (HRE O KELTHeT 5L )ABES
hs.

S/W=dC,/d6 +_%z a;(Mo/Mj) (—dC;/d) --- (12)
J =

U)X (NRXERAL, Uij=I-W OBRZERT
WEUNRBE LN S.

S§/W=dC\/dO+ I 3 a;(Mo/M;) (C;—Ci%)
7

=2

(IDNKZE AN FA~ARATHL(6)RBELRB Z &iT
n5. Tiehb, HENDODHDVO&LESVWTE
bEni (6), (7)) RiX, BERLHTLIWHEERIAD
HREMELHHEERO(IREPLIFETES



B S w2 AT BT S IS ER BRI LR S O TRER AR T 679

xR LT

WA SO BT A A EB DT IC 7D, Fige LT
YT 5 O-C DM LT, BARAEIOSE» 500
DIEEE A Mo/Mc=16/12 D{fix % b D/ EMRETE
01 atm }g¥ (0°1 atm ¥ TRWHUBE TEZLLN D
LLTVv3D) T s scbh b E% 2T KEBIRE
OFHINE S L, MR OCORE L FHRE L DE L
AEBRERE & oo BAGRIC o W T A B IRH L TIERBE RS
BB EAERDTVHL, O, (7)XTH
PUFREE LT I BERCLD T EERLTWDH I &K
%5,

()~ ROMKTILEITIE D LIRD X 51T D,

8 n
[0 Bdj=(C,—Cy,) + 2 a;(Mo/M))
. J;

e (€ j—Cy) wrrmvrmrmmsmnsienneni s (14)
Cr=[3(C5,8)y Jm2achoeeeesniremssmmnnsenenes (15)
dC1/df=A(C* —C\) 4B --oeeerveevenieneene- (16)

dC;/dg=A(C*—C)), j=2~n RN eY))

o, A=10,, B=SO,/WC; ¢, C;j=C;/Cic, t=T/T;
TH 0, fi BERTTLICEEDT Fy L LB %
EbhLTWw5s. (AHR L 1) R EELEFTHTIE CF
DEAFKD B, Zhz (15 R A LT C*(=2~n)
DEZERD B ENBTES. ZhbiEU6)K &L U7
RATBZ LI EDOT, WSEMTHESTRE I 5ERT
DREH#HBEERTHEPTESD.
23 LYKRRT— OB

2.3.1 Fe-Si %&

ZORICOWTIE, JIE 5D, MgO LY KT, Ar-
H,-H,O RS H ARHV, JGERSEE—EWL LT
BIMREY L 2 7546 LBEERE —EIC UTKERAS L
BEZ B OWTENThERETEOTWS. &
oFas, (149X, (HRIFLhTh(l4-D, (A5-DHH &
7 5.

jjmm4qrapyﬂm%m@xaﬁ_%g

........................... (14-1)
C3-Csi=asio,/exp{2- 303 (—30 720/ T +11-76))
(€ X 102)8 e (15-1)®

SEHRBA GRS CHNE LR 7 TOGFERr S, A
5 2k SiO; faFIDuiE FeO-Si0; 235 5 TH D L
B X CTWBEDT, T I T dsio,=1 & L7z FH
CHERBRAOEER X O 4 ZOPAREI DWW Tk
EREGOES, EHREEIIERT — 2 OBITICL DT
BohiMERRA L. 7o, BREOVMIRERER
BIARRC RS EEREIL H 5D D E LTKRD, /¥5 2 —
2 ADHIz 80 X L7z ADERKDWTIH, EHBhRofho

Experimental conditions: aizzég(gcsr%?fmo
(o] L] o -] o
Ao tatm) | 0027 0046 | 0067 | 0046 [ 0046
7 (°C) 1 680 | 1 680 t 680 l7lOil650
0 ;\o
———— e ————
(] O\o
\
a
o8 |- —
~ 06
P
o} .
04 &
'.\\'\
‘Qo
o2 F N
Calcutated results
Calculating conditions : 4=80 (=), Gy, = |
0 ! ! i ! ] 1
o] 10 20 30 40 50 60

& (min)

Fig. 3. Comparison of calculated results with data
observed by Kawar et al.” about the con-
centration of silicon in Fe-Si alloys.
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Fig. 4. Comparison of calculated results with data
observed by Kawar et al.” about the con-
centrations of carbon and silicon in Fe-C-
Si alloys at 1650°C.
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Fig. 5. Comparison of calculated results with data
observed by Nuri et al.® about the con-
centrations of carbon and silicon in Fe-C-
Si alloys at 1 600°C.
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Fig. 6. Comparison of calculated results and data
observed by Kawar et al.” about the con-
centrations of carbon and silicon in Fe-C-
Si alloys at 1600°C.
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Calculated results: Calculating conditions

C A =80 (=)

& (min)

Experimental conditions:
CO, + Ar =1 700 ¢C/min, Lo, = 07176 atm

Cic v a o ° Lo
% 44 1 1’53 | 103 [ 096 I
Ciun > a -o- -
% 2 I's | 0's

Fig. 7. Comparison of calculated results with data
observed by Nurr et al.9 about the con-

centrations of carbon and manganese in

Fe-C-Mn alloys at 1 600°C.
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Experimental conditions :
fro,=0'294atm, CO,+Ar=1 700 /min

Cic a o . o
%o 137 1'0 12 0s4a
'S - Ci.si a [s] *
L % 52 I'o 3t

\ Calculating conditions : 4 = 80 ()
kY Peo =0'S atm
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ol Cr s..'
T H30 ©
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Tro
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Fig. 8. Comparison of calculated results and data-"
observed by Nmrr et al.® about the con-
centrations of carbon and chromium in Fe-'
C-Cr alloys at 1 600°C.
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Si
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Fig. 9. Comparison of calculated results and data
observed by Kawar et al.” about the con-
centrations of silicon and manganese in Fe-
Si-Mn alloys at 1600 and 1650°C.
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Fig. 10. Effects of the temperature of moltensteel
on the transitional variations of the con-
centrations of carbon and silicon.
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