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Deoxidation Equilibrium of Liquid Iron with Barium

Synopsis :

Shuichi KaTo, Yasutaka IGUCHI and Shiro BAN-YA

Deoxidation of liquid iron with barium was studied in the temperature range from 1600 to 1700°C.
Barium and oxygen dissolved in liquid iron were brought into equilibrium in presence of pure barium oxide
in the lime crucible under the inert gas atmosphere of argon.

The equilibrium constant and standard free energy of the deoxidation reaction “BaO(s)=Ba(% )+0(%)”

were obtained as follows :
log K= —9980/T—1.82
AG° =191000+34.9T (J)

(+0.11)
(+4kJ)

The temperature dependences of the interaction parameters were expressed by the following equations :

eB2=27.1—1.48X10°/T
e9.=233—1.27X10%/T

The standard free energy of solution of barium in liquid iron and the activity coefficient of barium in the
infinite dilute liquid iron solution refered to pure barium ( 7p,) were calculated and discussed.
Key words : deoxidation; deoxidation equilibrium; liquid iron; oxygen; barium.
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M A : Mirror B: Gas inlet C: Side
a arm for addition of Ba D : Sampling
N window E : Upper cap F : Silicone
0 rubber G :Si02 tube H:AlO3
tube I:CaO crucible J : MgO cru-
cible K:MgO granule L :AlO3
J brick M : Al;O3 supporting tube N :
P Brass tube O : Thermocouple P :

Lower cap Q:Gas outlet R: Coil

Q— S : Optical pyrometer

Fig. 1. Schematic diagram of the reaction chamber.
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Table 1.- Chemical composition of samples.
(a) Electrolytic iron

Element C Si Mn P S Cu
0.004 0.005 0.004

Concentration (%) | 0.005 0.005 0.005

(b) Metallic Barium
Element Ca Al
Concentration (%) {0.25 0.05 0.01 0.01

Mg (Li,Na,K) C N Cl Fe
0.01 0.02 0.01 0.01

(c) Barium oxide

Element Chloride P Fe Ca N
Concentration (%) 0.05 0.01 0.01 0.26 0.005

Table 2. Chemical composition and physical prop-
erties of CaO crucible.

Component Ca0O MgO  Al;03 Fep03 SiOy P
Concentration (%) | 97.0 2.1 0.06 0.05 0.2  0.035

Porosity 23.6%
Apparent density 3.28 g/cm?

Bulk density 2.50 g/cm®
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2-4 EBRHE
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L%k 0.5~4.5% @ UBEE L 7. PrEbs sk, 1w
OEFEZT DAL L GH, BESsE7.
REGAERTOWE 12> Tid X BEFFIC X 0 FE
L7c. &BEFUEHIRIEZHI D HEAMIC 4 8L, B,
N7 KGN, MEOBIEICH V2. REREOATE
YoOBIS O, EARETIEME (SEM), X
W14 ra7+54%— (EPMA) 2 HTHr- 7-.
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HEE E 4540 mm ONNY T ALK B E— 7 & F
BT LItV REOHESPIFHETHHBEBET»S S 0.01
ppm DREE THMEEZR Z L AR S v,
MEEELBMETHL I ENTFHERE D, KB
ERAIKELUEEYHTLLEEL. 200D
Fy ) Y-V RABEMEBERBHEE (F—u<F v 7 “07)
2 X ¢ V) ¥ — F ABERARIRIHT S (LECO) 1348
ThHhHBEREMI 70t V¥ y VERIRA LA, SHE
FEiZ 1 ppm BETH - 7.
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Fig. 2. The relation between O and Ba.
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Ki = QBa@0O / QBaQ +* -t srtrsrerrressnsaraseanacnennee (2)
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Fig. 3. The relation between log K] and

A G005 0010 005 0020 00z (8.58 [%0]+[%Ba]).
858[°,0] + [*/Bal

K = fBafOK: .......................................... (5) Table 3. Experimental results.
ZORDOTHAOHBEO K 6 ) %185, Tempere | g AGT o Ach acn m

log K, = 10€ fia + 108 fo + 108 K| «+oeveveeee (6) cc) W 0 ) m e
ou. o RO X3 5 RBAFIROBE, FREE EL ITEE

Ba 0O O ,Ba 1700 —6.88 260000 —48 29200 35100 1450 2280

fa= fBa fBa, fo=fo fo
WYL, BREBFEFIBESROD fRa=1, £3 .
=1 LGET 5 ER(T )PSO RD. )

log K, =10g fBa + log f6° + log K| +++veeeer (7) -65 17'00 16'50 16|°°
= 2T, HWIBAERIBRH eBa, €8 2 MALA(8)% log K = -9980/T-1.82
%%, : AG? =191000+349T (7J)

log Ki = eB.[%0]1+ e5* [%Bal+log K

sreeasccesssccsacscscotasaasasacsstsssases ( 8 )

e & €8 ITHR(9)DMFEHHD, ZhEH(8)i i 70k 1
AL, BB+ 5eR(10) &4 5. o

€Ba = (Msa/ Mo)ed™+ (Mo — Mg.) / 230 Mo

.......................................... (9)

72720, M BEE i OFFETH 5.

log Ki —0.033[%0] =— (8.58[%0] 75 !

+[%Bal) e5* + log K, «weveoeeeveneees (10) 5.0 52 54

Z oo (10) DA 1 HIEAFEERCIMEET 6 LLE
THH, THIIH LA 2HIE 0.00005 LFTHbH. L
7ehto T, RKAMRONS.
log K7 =—(8.58(%0] + (%Bal) e5

F10g K, rroereereeserinereenenenieiiini, (11)
2T, AE#hC (8.58 [%0]+[%Bal), #it#lic log K}

WD ZEEC BT LWEBERT AL Fig. 30K

A B, 1600 & 1700°C i2BWT (8.58 [%C]+[%
Ba]) & log K1 &£ ORICEMBERIERTITH LD LA
L, RABREBEICLIOKPOBERERD . F 7,

1650°C 2B B EKIMO Z > DREOHERE*BEIZ
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Fig. 4. Temperature depedence of log K.
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DEfR % Fig. 4 (R,
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Fig. 5. Temperature dependence of interaction
parameters.
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% Table 3 IZ/RT. TOXH XL THELNLME L RE
DL OEGEY Fig. 5 IR Y. E&AMAREIREL T
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e8 =271 —148X10°/ T
eBa 122V TIRR(9)DEFR L R (14) DR H» 5 RK
VXY (AN

€0, =933 — 1.27 X 10°/ T ereevevrreeeerecnennees (15)
PLED XS o8 s - MEEHBEK 5 & 1600,
1650, 1700°C T#h#Fh —52, —50, —48 & 7o
7. oz ) ay, 2o HRTNIZTLLED
WEOREEA & L CEFIAS W (BT, EHED
KEW) ALY LD 1600°C 2B HE — 515910
IR TRKEV, £ Fig. 2 oLyl
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WA, AN A KB BREREEICB WV T H FIRAELE
Y # WD EBR EHAL MBI 250, VDT A
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Fig. 6. The relation between gg., and go at
1600°C.
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BHANOBEZOBEROUEIIR(16)T, ZDORIEDIE
HEBIAILF—R1RR(17)TRENS,

l/ZOz(g) =9(%) .................................... (16)

AG =— 117110 — 3.39T (J) ..................... (17)

7, BN Y A& DL E KU OFEARHE
HIANNF—ERDLIIZRINB,

Ba(1)+ 1/20,(g)=Ba0 () -eereereeerereens (18)
AG3s =— 557180 + 102.68 T (J/mol) ----+---- (19)
Ba(g)+ 1/20.(g)=Ba0 (s) cweceerrerrecceens (20)
AG3 =—707220 + 181.84T (J/mol) «-+-eeee (21)

INSEDF—F %Y LN T LDEADBR LD
EEAHIANVF—-2ILERDS.

Ba(l)= @(%) ....................................... (22)
Ba(g)=@(%) ....................................... (23)
AG=—249000 + 141 T (J) recerererrereces (24)
AGy =—399000 + 220T (J) revereenveeeenes (25)

N ANEEICERAEICAMRT A L X O Raoult
HEDERFA 7ha 2KOBLRD LI Ik 5.
10€ 7Bay =— 13000/ T + 9.75 ++veererrereenene (26)
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108 7 Ba@ =— 20800/ T + 13.9 +++rrversversvenes (27)
BRELCBWTES N AG, AGss, yh. DIE%
Table 3 127K .

AREER O i B UG A 53K D S 7z Y haq i 1600
°CT640 ThA. ZHIZxF L Brabivirov (AN DN
VY LADBEREOME,OHER L 29400 L v RE %
EERELTWBY —F, BEKILETHS Callow
Tid 2400 & V) EXFMO FHE SR TVE, RERO X
HICHEE T ORER DS Veao 2RO BHE, BN
7 ADOEREARHHT A V- OEFIEFEICKE LR
5 25, RKEETIE Turknocan'> O EFET— % 2 H
V7245 CoucLin'® DEFEE FH WA & 1 HHRWEAE S
nas.

4-4 BAHZHHRE

A1) TRS N Y L1 & 2 BLEE - BUG o P E
BHOBERMIZ Y., 22T, $EESRTVS YR D
il x Hv, ZORBKEEXZVHOLLTED
4:3 DL W log Ky 2K, Fig. 7 II/RL, RFEER
MREHET 5. NI D RFFERERI RO KE RELR
LTWa, FEROZYUMIC >\ T ORI ERE A %
CHIRTIIH#ETH 5.
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Fig. 7. Comparison of the present results and
other calculated values of log K.
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RT In 7Xow
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THEEAEE X OMEEREE, AGwo, AGxo A
(M) BROBETHE (X) OB OREF 1mol 47-H 0
TEAREBT AV — yxn 13 M CERT 2 X O
FRA B IC 81 5 Raoult HEDIEFFRHKTH 5.
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Fig. 8. Deoxidation equilibria in liquid iron alloys
at 1600°C.
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T, FIRMERES X OBRNFET— 5 £330 o by
OEEERBHRHIANVF -5 HWTHRT %S & Fig. 9
WRTHENESN S, XD Fe-Ce-O R4k xHEM
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(1) BaO(s)=Ba (%)+ 0 (%) OFEH,
BT A VF—2{be LTROBREE.

log K=—9980/T —1.82 (+0.11)
AG°=191000+ 34.9T (J) (+4kJ)
(2)MEVERBVRE L L TROEHE S 7.

ed® =27.1—1.48X10°/ T
eB.=233—1.27X10°/ T

1600, 1650, 1700°C TOHEVERABGEE e6® it Fh
Fh —52, —50, —48 TH 5.

(3)X) 7 ADBEHADBRBOZEEHT AV F—E
bR LS KD 7.

Ba(l)=Ba(%)

AG°=-—249000 + 141 T (J)

Ba(g)=Ba(%)

AG°=—1399 000 +220T (J)

N T ADESIERAEICER T S L & O Raoult
BEOTHERE 78 RO L BN TH 5.

108 YBay =— 13000/ T + 9.75

108 ¥ Bay =— 20800/ T + 13.9
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W72 & F LAY FEETH - R HZ T
et (B 9B AR M), MEE—-TEBL (B
(BR)ME BUSHFT), Y 7 ADOMESITICE L CHBh
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K, BRI HB W72 5 3 LR RSET
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