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Deoxidation Equilibrium of Magnesium in Liquid Iron

Hivoyasu Iton, Mitsutaka Hino and Shiro Ban-va

Synopsis :

Magnesium has very strong affinities with oxygen and sulphur.

Therefore, it is necessary to know the exactly

thermodynamic values on deoxidation of magnesium in liquid iron for ultra high quality steel production and composition
control of non-metallic inclusion. However, the proposed deoxidation equilibrium relation shows a loop in the figure
which shows the relation between magnesium and oxygen dissolved in liquid iron. This means one concentration of
magnesium corresponds to two concentration of oxygen and vice versa. Therefore, it is impossible theoretically to
control the oxygen content with magnesium. It causes by use of only 1st order interaction parameters to express the
activities of magnesium and oxygen. In the present work, the deoxidation equilibrium of magnesium was studied on
the viewpoint that the thermodynamic values concerning very strong deoxidation such as magnesium have to be
evaluated by 1st and 2nd order interaction parameters including cross products too. As the result, the temperature
dependence of thermodynamic values on magnesium deoxidation was obtained, and it was in good agreement with the

observed values in the present work.

Key words : secondary steelmaking ; magnesium deoxidation ; equilibrium constant ; activity ; interaction parameter.

1. #&

uj

MgldBE K D 5 CIXHEE L OB S hRed Tol {, ERSC
AR ERA L THEBR L L THERYS T 5, 270, &
A RERIEDED D 6, H 5 I & E SR B s O RN 72
RISD—" & UTMglbilg Elr OISt D 5 5 8 i Bfil
DERENTV 2, LEIATMgDESHHOEHNBEL T,
BEEET~OMgDIAMRE %KD BFF5903h b, 12, #IE
FIBMETTMg LBk KBS ¥ 5 5k, 2527 LA
FRDFH, DB CIIBSIERFIES L F Ul X 5 THEEE
WA BAEA SR D G TV 5, Ly USSR E (1873K) TOMg
DIEDEDHI1.8MPa b &, IB#kT IC Mgk BR3¢ 5 =
LD TIHEETH A 2 Lizb kb, BRSO TV30E

P CBET A7 — XA v,

I d TR S LT 2 MaliEe Pl OB ) 3 Ml %
Table1 27" L, Fig. 12206 D% v T Mgk Fig
(2351} 5 [mass % Mg] & [mass % OlRIOB@ % RT., =
N R 5 L HERkOMEM I FHREMG B L 2 Y,
—DODOMgIRE A L ERO PHEERRBELHFET S L)
FEEELC S, 30610, WS UIRKTI#E R E R
DHGRE B2, il L 2B A LT, Mgl Firas
%KD 2 0EH H 5,

AT, FER—EWICHC LN T e —RDOMEE

MBRBDOATHE L RT 2 Lixed, ZKkOMEMES.

BEETEPHCAIVE DL LDE LIS, 22TE
IZ1873KIZ 3T, Mg®iAghizimind 2 EBRP4T5 2 L s

Table 1. Equilibrium constant and interaction parameters concerning Mg deoxidation equilibrium at 1873K.

Investigator log Ky, | €¥® | &9 K G Mo 9 He0) QMo Ref.
Yavoiskii et al. -5.5 - - - - - - - 7
" [Nadif and Gatellier |-5.7 - - - - - - - 6)
Turkdogan -7.74 - - - - - - - 9)
Inoue and Suito -1.8 -190 | -290 - - - - - 8)
Kulikov 854 | -160 | -240 | - . . - - 10)
Gorobetz -9.24 -250 | -380 - - - - - 11)
Present work -6.80 -280 | -430 | -0.17 -20,000 | 350,000 | 462,000 | -61,000
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Fig. 1. Proposed deoxidation equilibrium relation
with Mg in liquid iron at 1873K, and the
observed values in the present work.
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Fig. 2. Schematic diagram of experimental furnace.
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Fig. 3. Concentration change of oxygen in liquid iron with time after addition of Mg at 1873K.

21



$4% & $8Vol. 83(1997)No.i0

logfh=e[% O]+ ed™®[%Mg]
+r¢[ % Mgl2+ r§&O[% Mgl [% O] - (6)

7212 L, Mg-Mgls, O-OM DM EAER 113 Mg-OR DA
HEAHCHE L THoic/hd w2 b PRI NE 2 L,
S LD OB RBAE RO FIRHESHE DA O L k-
7zLarson & Chipman® 7 — & % @i L 72 kEH, ERREaA
B TOEBEZ T, 0LLTIVZLPHERILCD
T, AEBRTIWETable2 2T & 5 CERMED [Mg], [O]
AR TG 12, FHEMERIRE YD, vk (5), (6)
R VH®L T b, & 2CLupis™®i, FHEIERARERE
i, KOBZE»HE I LERLTO B,

£ g werrn (7)
e=230(M,;/M,) e’ + (M, — M) /M, =oreeeeereeeeees (8)
ej(i)zggo(Ml/Ml) e+ (Mi— M) /M, woeeemermereeneess (9)
PP e =2pM A ) cerereern (10)
p?=230/(M,;)2[10% M;?- "+ M; (M, —M;) ]
+(1/2)[(M1—M1)/M1]2 ........................... (11)

99 =230/ (ML) 2 (102 M; - M » 769+ M; (M, — M, ) ¢f”
+Mk(M1_Mj)e(1k)j+(Ml_Mj) (Ml‘l\ L)/Mf """ (12)

(7), (8), (9)& Y, ef, ePHIIZRDOBMRIGFOL 0L
%,

et = (M;/M,) e+ (1/230) (M, —M;) /M,

(8),(10), 11), (12), A3y XNZ#A¥ 5 £ (14), (15) X%
%,

=2 (Mi/M;) 7{P+ (1/10%) ef’— (1/10?) ef?

— (M;—M;)/(2.3°10M;) reeeerevenee SERRRIREE (14)
D=2 (M;/M)) 7+ (1/10%) ef’ — (1/10°) ef?
+(M1_Mj)/(2~3'104Mi) ........................ (15)

22 TM, M, MIREEL, 5L jORTETH 2, (13)
-(15) R & b AHEAER YRS X (16) - (18) DBIfR D4 6
5,

eg?§:1'526§)Mg)+2_26.10—3 ................................. (16)
rME0 =1 324 +0.01e’—0.01e}®+1.49-1075° -+ 17)

rE0 =3, 04739 +0.01ef®—0.0152e8'®

(5), (6), (16)~A)RT(4)R&EHT 2 L (1)XE
%,

log Kug =log K e+ 8@ ([%Mg] +1.52[%0]
—0.0252[ % Mgl [%0]) + e[ %0]
+ 700 ([%Mg]?+3.04[%Mg] [%0])
+ 7@ ([%012+1.32[%Mg] [%0]) -+------ (19)

4-2 MghiEREEEBHA EDRE

ek, BT E S & CHAEHBREEEHT 235
A, —ROMEFAREOAZHHLTE T35, £2
T, —ROBEDAFH D HT L (200X & 2 5,40 L, [Mg]
PREE I3RS TIELT2®, 22 TIke(CBT 2HPHIE LT,

log Kug =log K g+ e[ %0] ,
+ e ([%Mg] +1.52[%0])

0) Rzt - TAFERME 25 L, fsh ([%Mgl+
1.52[%0]), #itihizlogK ugt e BT 2 H2 M2 12fE%
L) Rig. 52k L2, 2 DER, eOMiiX B AEMIRE 2HELR
2 2 R L2, 200 & b ([%BMg] +1.52[%0]) %
0z /ME L 12350 DilogKue, £ DS D —e® L 2 5
BEThs, cOFELLY, RHETHLT—XON, ¥
IO FA L 2 EBRS P B AR RS BRI NS T
W E B — KD MEAER WAL 1873K T, logKue=
—7.87, M9O=—T40T H - 1,

Fig.5 T, ¥EB7— & % Ll OB L T 5 L, Mgiz
FEHT 1 X 10 *mass% Ll FOMKEEE =% 5 &, Fig. 4 (2R L
Po & 5 MR R ATRER U, Mt O BT 5 b5,
B OBAEDT 0 CHRET &, b9 —EWmMT AL 510k
b, ARIBEHEEOT — REFDEMRDO T HHLET 5 L5
7B, 2 G ORI I PR E AR (No. 1) #Fig. 4
CESA ALY, FEPCIOBETHEAMAEHHT E L v

® 1873K(Mg>1x10"4mass%)
° 1873K(Mg<1x10-4mass%)

0 o 2023K

8 [ line 1: ” ' ' 1 ‘ /

R a2 log Kpig=-7.87 |'*72% N
P~ - Mg)=-740 E
oo 4l <g® e sl A

: i ;'_‘_..‘-—--‘-'-""'" Mﬁﬁ”l{ 3

o -6 -3 ey e - & Mine 32 1
~S GOS0y | o8 Kmg=-6.80

Y » 2023K (Mg)=-280

- 1873K Equilibrium relation €0 e .

g‘) _10 L ' 1 | 1 ! 1 1 1 1 L Y T L (><10 )
- 0 1 2 3 4 6 7 8 9 10

[%Mg]+1.52[ % O]

Fig. 5. Relation between [%Mg] +1.52{2%0] and logK . added the 1st order interaction parameters’ term in the
present work at 1873K and 2023K. No. shows curve number in Fig. 4.



CEDDb®»E, IoT, BEPOLEELTVIZF X%
KOG THIET 5. (19RO KOMAIEHIMRED 5
b, yMEOs L (frMEOD v 27 ks MEIE, (17), (18)
K& 079X 7@ L —ROMEMERMRKTCESRT 2L
PTE L, (19 v, AEBRTIIMgy e TIRIBET D
52 L%EELT, Mg, BBED kD H CHHE/ER RS
PEMEL, »00OB L FrQ ML LTHERHL, 27—
X B ERAET 5 L, 1873KTr®9=—127,000, »Q=
336,000 L3k % - 72,

INGOEYER RO A CAHAEH IR EES L Celip o H
BEL72ADNCAL, FT—22ELTAS L, ERT
—ZDLRTH 2 MgiBEEH 30X 10 *mass% T noD
BB EBT A2 LT ENL, 127170, EBRMETMg< 1 X
10" mass% (CHHYS T 2 F— X O—fX, ZOEMSE» G 77
ATy, REICEFHMET S Tyivy,

6 DR E I ERE AR (No. 2) #Fig 4 =&
Szizd’, RO ZOMBTRENELHRT S L0,

wgOMehi Ty 627 W

P, 19ORPEHLI2DRICL-T, FHERLEL, Fig. 6
CRT LI, FERCBRET AL E LTS

(log Kuys—logK'y) — e ([%Mg] +1.52[%0] ~0.0252[ %Mg] [ %0] — [ %0])

=ty

[%Mg]? +3.04[%Mg][%0]

[%012+1.32[%Mg][%0]
%Mgl2+3.04[%Mg][%0]

LI LS, Ko & e RO EEFRBRE, 1873KT
LIFO®YTH 5,

721 =350,000, 7§19=—20,000 at 1873K -+ (24)

an,

rHe0=462,000, »§FO=—61,000 at 1873K

(18) R & v, 18TBKTKRDIES K% %5,

...... (25)

NG DIERWTREDRELEATL 5,
AT O NI R Z Table1 A, £ il

AREBRDFT —XIIFig. 4 6 b b» 5 L 512[%Mgl/[% (x10°)
OB LTV 5, SOUYKREU»DH B 01 L . A LR RL LELALELE UL
ST — X —iE L THEHAEET 5 2 L1, BREOR o |8 NBK| ; )
S H H
OHEfE L Y WA H B LEDNS, 22T, [%Mel/[%0] B |5 sf ‘ , JETIK
IREE DKM & - T 2 AU HIET B AR P IERRE L T :.’;;‘o 8 L | . ' ]
W Hre A1, £ 2T 33 [%Mgl/[%0JIRE p e ) '%'3 X : 1 f o
CF—FXEBRAL, BN TRECT, 1873KIEH VT, BIF +"“' ® or f | ]
DIRECEHE LTz, S e ]
Mo |G se® 2023K
logKiux = —6.80 (+1.09), ® S r os:j;/ﬁj’ | ]
MO = —98() at 187K «w-rreervreerrmrmruessineranuens (21) ‘a0 %“ @ G!: ! §
E S 0 %=~
E-TAR L b, 187T3KTKRDE L HF6 N5, I - _ .
= = A2) At IX/ QK sssecccscscscscscsssesssscsssssscsrscesne C | D I I B I | 1 l 111 1 W S J_L 1
e9)=—430 at 1873K (22) 5 L 5 o - %0
Fig. 5 {2 2 DBRKRIc & 2 ERFEFESMA L Fig.d oI [%O]2+1.32[%Mg][%01
b DA% Fl v 1 PHTREMAR (No. 3) #EF S a2 7od3, & [%Mg]>+3.04[ % Mg][ % O]
DFET b KREL HHRT 2 DEATIFTH 5, Fig. 6. Determination of 7§'® as intercept, and »{g}
AT 2D RTHRE LIELEI LT, 789RE7Q) as slope.
® 1873K(Mg>1x10"4mass%)
O 1873K(Mg<1x10-%mass%)
— 0O 2023K
§ o : T T T T _|_'T__|—"—l__h—:
S5 af ]
& 7 5
e 2~ "F
2 Tog-6k %
2 EE ]
“ME i ]
%ﬂ 10: 3 i 1 1 1 1 - (x10-3)
= 0 1 2 3 4 5 6 7. 8 9 10

[% Mgl+1.52[ % 0]1-0.0252[ % Mg][ % O]

Fig. 7. Relation between [%Mg] +1.52[%0]-0.0252[%Mg] [%0] and logK y, added the 1st and 2nd order inter-
action parameters’ term in the present work at 1873K and 2023K. No. shows curve number in Fig. 4.

23



I 628

£ & $®Vol. 83(1997)No.i0

1. Yavoiskii etal. log Ky, =-34,475/T +12.97)
2. Kulikov log K,,, =-31,375/T + 8.2081%
3. Gorobetz log Ky, =-25,240/T + 42411
® Present work logK,, = - 4,700/T - 4.28

¢ Nadif et al 6
A 'Turkdogan 9)
¥  Inoue and Suito 8)

2023K . 1873K 1823K
‘3 _l TIrT l T l T ' TTIoUT I TVrrryrIrrr ' T l L I TT T‘ll l'l_l_l'_
-4 "_\ 3 ; .
) o .
2 6 F * ]
. C ‘ Present work \
) E : : .
L -7 B : : : =
o 2 f ]
C . * J
81 : ; : ]
-10 EL1|| 1IllillllilIlJ_l_LlllllllAIlllljlllI« (X10_4)
4.8 4.9 5 51 52 53 54 5.5 5.6

T-1 (K1)
Fig. 8. Relation between 1/ T and logKy,.

EHIREMAR (No. 4) #Fig. 4 h o &S i 5 b, EB7—
X LIRFIFICH > T—2 L Tw %, 72, Fig. 4 O FgierE
HARDME % 5tHL D Fig. 5 2SN 2 5 b, Ml i v 50
T 5 L, O BAED WL THOMMT 5 L v 5 ER
F=RE OB - TTHRIN TV B2 LD by 3,
R [%Mg] +1.52[%0] %, #gll i logK e ~—K £ K
DARBUBT 25PN A 2% L b, Fig. 712&C &, Mg
< 1 X10™*mass% D 7 — X »* , EBRIERE R O#730 X104
mass% DT — X & T, 13— ARDOEM FIZF2 2 L H7HH
L7205 T, Mg®D & 5 iliEg e RCl, ekt 5
—ROMHAEAMEEDOATER PG T 52 2 L I A AHE
T, ZROMAEMFHABRLFER L 0E L 6w 2 Ead
G H E o712,

4.3 BAOFPHHEBENREREN

ARFFETIE S 6 (- Mgl P - BT 5 3 BIED IR KL
oK 2720, 1873KDIEH 2, 2023KT b EBRPIT-12.
Fig. 4 O PHIRIE X R 5 L, 2023KT D EERfE», Fl—Mg
IREECAT LIST3K T DEERRMA L b @B RIRE» B o T
5,

MgltER P OB PR BRI BIT 2 IR IR IR CRIL €,
ZOFEHERIZDOCTIEFig. 8 LR T LI LWL 2 DHESE
PH 5D, MHAEHMRECIEE L TR T HicKulikov!Vh®
MDD T (26) NBHER L Ic D AT H 555, 2 D EARM
BRALIZSR TV,

24

log (—e8'®) =10,774/ T —3.549

AREFFET I, Mgl T £ FEBRMES LD HiEC L b
BHL, BNFNKELE LTUTOMEREL T,

10gKug=—4.28—4,700/ T orreorrenreeomennenenninn (27)
eMO=630—1.71- 106/T .................................... (28)
) =958 —2.59+ 108/ T ++erreerrvusernmmenneniiiiiniiinn, (29)
7$§:_1.90'106+4.22'109/T ........................... (30)
rMO =70 500—1 _7().108/7‘ .............................. (31)
78\4g’0):*2-51'106+5-57'109/T ...................... (32)
71&1}"gg"3)i2_14'105—5.16-103/T ........................... (33)

ESROMg il O PHEERIZ L b, BAh BB L LTk
DIE 2 15712,

MgO(s) =Mg+0

logKy,=—4.28—4,700/T
Mo =630—1.71-10%/ T
€89 =958—2.59105/ T

7 =—1.90-10°+4.22-10°/ T
r§'®=70,500—1.70-10%/ T

7§18 =—2.51-10°4+5.57-10/ T
riE0=2.14+10°-5.16-10%/ T

IG5 DAL, 1873-2023K DR EEFIBA T, MailfE 134
30X 10 *mass% £ T\EHT & %,

WIRICAFERPITICUL ) BREH I PHCI2HKRSB
ZLFLE PRI RER)) R SHARS TR
MEMC) S L $ §, & 7oARHFSEI Chb) H REERH 2Pk
6, 7THESMITFIRBRESCLI AWK T —=HEL LT
IT-72bDTH53, iLL THEBPEL T,

X 78

1) il xiX, PKoros, R.G.Petrudhka and R.G.Kerlin : Iron Steel-
maker, 4 (1977) June, 34.

2) W ziE, T.E.Gammal and M.Croker : The 4th Japan-Germany
Seminar, ISIJ, Tokyo (1980), 1.

3) X.Zhang, Q.Han and D.Chén: Metall.Trans.B, 22B (1992),
918.

4) M.Breitzmann, H.].Engell and D.Janke : Steel Res., 7 (1988),
289.

5) V.G.Mizin, Y.A.Agejev, A.Y.Zaslavsky, Y.A.Danilovich, S.A.
Artugov and N.A.Tulyn : The 9th JAPAN-USSR Joint Sym-
posium on Physical Chemistry of Metallurgical Processes,
ISIJ, Tokyo, (1983), 92.

6) M.Nadif and C.Gatellier: Rev. Métall,Cah. Inf. Tech, 83

(1986), 377.

7) V.I.Yavoiskii, L.P.Volojimorov, V.P.Lujin, N.M.Kapitza and
E.B.Teplitzkii : Akad.Nauk.SSSR Metally., 2 (1974),14.

8) R. Inoue and H. Suito : Metall. Trans.B, 25B (1994), 235.

9) E.T.Turkdogan : Steel Res., 62 (1991), 379.

10) 1.S.Kulikov : Izv.Akad . Nauk Metally, 6 (1985), 9.

11) A.P.Gorobetz : Metall. Koksokhim., 69 (1980), 34.

12) TSRS OMESEEHE L CGTREM, D OAEMTIRIL & RIS 195
B &, #IT, (1984).

13) C.H.P.Lupis : Chemical Thermodynamics of Materials, North
Holland, (1983), 247 ; 256.



