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THERMODYNAMICS OF Bao BEARING FLUXES 

Nobuo Sano 

Department of Metallurgy, The University of Tokyo, Japan 

Synopsis: Since BaO is more basic than CaO, BaO bearing fluxes are expected to 
be effective for refining particularly alloyed steels containing chromium or manganese. 
In this paper the thermodynamic properties such as phosphate, carbonate and sulfide 
capacities of BaO bearing fluxes including BaO-BaF2 and BaO-MnO systems have been 
reviewed based on the works of the author's group. The thermodynamic effect of the 
addition of BaO to Ca.O saturated slags on their dephosphorization ability has been 
also examined. It has been shown to be of practical importance because their refining 
capacities are much improved with a little extra cost. 
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1. Introduction 

Unconventional, highly basic slags are to be used for producing ultra-pure steels, 
particularly when they contain oxidizable elements such as chromium or manganese, 
since most impurities are removed according to Eq.(1). 

M + xo 2
- + y0 2 = MO;~-;y (1) 

where the activity of oxide may be a measure of slag basicity. Barium oxide is expected 
to be a good candidate for attaining this purpose either as a major component or as an 
additive because of its strong basic nature. 

In the present paper, the experimental findings by the author's group on thermo­
dynamic properties of BaO containing slags are summarized. 

2. The solubility of C02 in the BaO-BaF2 melt 
Since \Vagner proposed to use the C02 solubility as a measure of slag basicity on 

the basis of Eq.(2) 1), it has been measured for many slag systems. Figure 1 shows the 
carbonate capacities of the BaO-BaF2 

2) and BaO-MnO systems at 1573K, which are 
defined by Eq.(3). 

(2) (3) 

The data were obtained in conjunction with the measurement of their sulfide capacities, 
which are described later. 
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3. Thermodynamic behavior of phos­
phorus in BaO bearing slags 

• Phosphorus may be removed from iron 
to slags by oxidation according to Eq. ( 1). 

2.0 . --­... ~ .... 
../.. 5 3 

P + -o + -02
- = po3-

- 4 2 2 4 (1) 

The phosphate capacity, Cp04 3-, which c-\M 1.
5 

is defined as (%PO~-)/(P~2 
· P~24 ) based on u8 

Eq.(4), of the BaO-BaF2 melts was obtained bO 

/
. 

• BaO-BaF2 / 

I /• • 
by measuring the distribution ratio of phos- .Q 

phorous between the slag and carbon satu­

I • i.o; / 
· , /. 

rated iron at 1473 and 1573K and is shown • 
. e/ BaO-MnO 

•' 

in Fig. 2. The phosphate capacity of this 
system is one of the largest among various 
basic slags as shown in Fig. 3. Accordingly, 
these slags are most suitable for dephospho­
rization of metals which contain oxidizable 

0.57-~-~--'---"-----'---'----'----.l 
0.0 0.2 0.4 0.6 0.8 

.xBao+XBaco
3 

alloying elements. Figure 4 shows the phos­
phorus distribution ratio for carbon saturated 
chromium-iron alloys at 1573K3). With in­
creasing chromium content, the distribution 
ratio is lowered because of the negative value 
of interaction parameter of e~r. When this 
slag is used for dephosphorizing a carbon sat­
urated 8ma.ss%Mn-Fe alloy4

), the distribution 
ratio also drops significantly for the same rea­
son as with chromium-containing metals as 
shown in Fig. 5. The activity of BaO in this 
system at 1473 and 1573K was determined by 
equilibrating the slag with Ag-Ba alloys in a 
CO atmosphere and is shown in Fig. 6. 

Fig. 1. Carbonate capacities of the BaO-BaF2 

and BaO-MnO systems at 1573K. Partial pressure 
of C02 is 3.04x10~Pa. 

As stated earlier, the BaO-BaF2 slag is 
not suitable for effective dephosphorization 
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)f •' of metals containing a large amount of man­
ganese. For this reason, the phosphorus dis- ,!, ~ 27 

tribution ratios between the BaO-MnO slag ir 
and carbon saturated Fe-Mn alloys were de- u 

termined in a CO atmosphere at 1573 to g' 

1673K as a function of MnO content. As - 26 

are shown in Fig. 7, the distribution ratio is 

,~. 
>---;. 

J; 

high enough to dephosphorize alloys contain­
ing manganese up to 40mass%, and the phos­
phate capacities are almost equal to those of 
the Ba.O-BaF2 system. The reason why this 
system has a low melting temperature would 
be the presence of a small amount of carbon 
up to 0.3 mass% as carbide. More details will 
be discussed elsewhere. 
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Figure 8 shows the effect of BaO addition Fig. 2. Phosphate capacities of the BaO- BaF 
2 

to the CaO-CaFrSi02 slag at double satura- system at 1473 and 1-5731\. 
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Fig. 3. Phosphate capacities of various flux sys­
tems. 
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Fig. 4. Phosphorus part.it.ion ratio between Fe-Cr­
Csatd. alloy and BaO- BaF 2 melts as a function of 
BaO content at 1.573I< . 
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Fig. 5, Phosphorus partition ratio between Fe-
8mass3M n-Csatd. alloy and BaO-BaF2-MnO melts 
as a function of BaO content at 1573K. 
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Fig. 6. The activities of BaO and BaF2 for the 
BaO-BaF2 system at. 1473 and 1573K. 
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Fig. 7. Phosphorus partition ratio between Fe-
1fo-Csatd. alloy and BaO-MnO melts as a function 
of 1fn content of alloy at 1573, 1623 and 1673K . 

-181-



4th International Conference on Molten Slags and Fluxes, 1992, Sendai, ISIJ 

tion with CaO and 3Ca0 · Si02 at 15731(5). 

By adding BaO up to 26 mass% the distribu­
tion ratio increases by a factor of 10. How­

1.0....---...-~-~-----~26.5 ,,. ./· 
ever, this enhancing effect is much smaller m 
than that of N a20 addition. For example, ~ i o.5 

1.4 mass% of N a20 addition is equivalent to e ~ 

/ ,.. ... • ./ 
/ 

26.0 oi ... 
0 
Jl, 

0 

26 mass% BaO. .9° • / 
tO .s 

An improving effect of BaO addition to 
MgO or CaO saturated slags was studied by 
measuring distribution ratios of phosphorus 
between the slags and molten iron at 1873K, 
together with the solubility of MgO or CaO. 
Figure 9 shows the contours of the phospho­
rus distribution ratio, Lp, for the MgO sat­
urated BaO-SiOrFeO system in which the 
sum of mole fractions of Ba0,Si02 and FeO 
are taken to be unity, excluding MgO, Fe20 3 
and P20 5

6). Naturally, Lp increases with in­
creasing Xaao/Xsi02 with constant XFeO· 
With constant Xaao/Xsi0

2
, Lp increases with 

increasing XFeO and reaches a maximum 
and then decreases. Similar behavior is well 
known for the CaO-SiOrFetO system. 

Figure 10 shows the effect of BaO ad­
dition to the CaO saturated BaO-SiOrFetO 
system 7). The favorable effects depend on the 
Si02 content. They are an order of mag­
nitude larger than those of MgO saturated 

• 
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mass3Ba0 

Fig. 8. Effect of BaO addition to CaO.atd.-CaF2-
Si02 melts on the phosphorus partition ratio at 
1573K with oxygen partial pressure of 2.80x10-12Pa. 
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FeO slags. The same data are expressed in Fig. 11 BaO 

in terms of mass% FeO for comparison with (Cao) x~.o 
other CaO saturated slags. The present sys- Fig. 9. Contours of the phosphorus partition ratio 

tern has phosphate capacities nearly equal to ?etween MgOsatd.-BaO-Si02-Fe10 slags and liquid 

those of the Ca0-CaF2-Si02 system and far iron at l873K . 

larger than those of the CaOsatd-Si02-FetO 
or CaOsatd-AhOrFetO system. A smaller 
amount of BaO than CaF 2 is needed to re­
tain the same level of phosphate capacity but 
the relatively expensive cost of BaO should 
be considered before widespread use in ladle 
treatment of steels. 
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The sulfide capacities of two BaO bear­
ing systems were measured by equilibrating 
the slags with silver in an Ar-CO-C02 mix­
ture, where the partial pressure of C02 was 
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Figure 12 shows their sulfide capacities Fig. 10. Phosphate capacities of the CaOsatd.­

vs BaO+BaC03 content at 1473 and 1573K, Ba0-Si02-Fe10 system at 1873K. 
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21 
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which are far larger than any slag systems in­
vestigated so far8). The deteriorating effects 
of FeO, Si0 2 , BaCb and Cr2 0 3 on the sulfide 
capacities of the BaO-BaF 2 system were ob­
served whereas the BaO-BaF2 slag saturated 
with CaO has a slightly higher sulfide capac­
ity than that without CaO. The solubilities of 
S as BaS in the slag were observed to be 1.14, 
2.30, 4.48, 3.88 and 3.06 mass% for those hav­
ing initially 10, 20, 40, 60 and 80 mass% BaO 
at 1473K. 
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The BaO-MnO slag is very effective for 
dephosphorization of the Fe-Mn alloys as de­
scribed earlier and is expected to be the same 
for desulfurization. Its sulfide capacity at 
1573K was found to be almost equal to that 
of the BaO-BaF2 system. 

6 A V' T : Ca0-Ba0-Si0 2-Fe10 system (present study) 

e : Ca0-Si0 2-Fe10 system (present study) 

0 : CaO-CaF,-Fe,O system (Wrampelmeyer et al.) 

• : Ca0-Si02-Fe10 system (Wrampelmeyer et al.) 

0 : Ca0-Al,O,-Fe10 system (Wramp'elmeyer et al.) 

5. Chromium and Manganese in the 
BaO bearing slags Fig. 11. Comparison of phosphate capacities among 

the CaO saturated systems at 1873K. 
In association with Fig. 4 for phosphorus 

distribution between the BaO-BaF2 slag and 
carbon saturated Fe-Cr alloys, the chromium 
distribution, Len was studied as shown in 

0.0 ,----------------. 
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Fig. 133). As BaO content increases, Lcr in- S -1.o 
C> 

creases and the activity coefficient of CrOl.5, 5 -1.5 
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/Cr01.s, decreases. This indicates that CrOi.s 
behaves as an acid oxide in this slag system. 
The loss of chromium on oxidative dephos­
phorization of chromium containing metals 
is expected to be very small. 
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The activity coefficient of MnO in the 
BaO-BaF2 system was studied together with 
h f h h d. ·b · 4) Fig. 12. Sulfide capacities of the BaO-BaF2 system 

t .e measurement O P _osl? o:us istn utwn · and sulfur partition ratio between BaO-BaF2 slag 
Figure 14 shows that It s1gmficantly drops as and silver as a function of slag composition at 1473 
BaO content increases and is slightly lower and 1573K. 
than that of the CaO-CaF 2 system. It is of o.os~-,-~~rr--,-,.--.--__,,~-,-,--.---.--, 1so 

Temp. Lcr Tera 
interest that MnO apparently behaves as an 
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acidic oxide in this very basic melt, although 1300-c • o • 
it is generally thought to be a weak basic ox- o.o4 / / 
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6. Thermodynamic behavior of anti- .... 
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An element M of the Va group form 
Bal.SM with BaO under strongly reducing 
conditions as expressed by Eq.(5). 
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Fig. 13. Chromium partition ratio between BaO­
BaF2 melts and Fe-Cr-Csatd. alloy and the activity 
coefficient of CrOi.5 for the BaO-BaF2 system at 
1473 and 1573K. 
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tramp elements from steel scrap, the distri­
bution ratios of As and Sb between the IlaO­
BaF 2 slag and silver were measured as func­
tion of the partial pressure of oxygen and the 
slag composition(Fig. 15)9

). The slope of the 
100 

0 
straight line in Fig. 15 representing the aBaO c 
dependence of antimony distribution ratio is ~ 
1.82, which is in reasonable agreement with ~ 
1.5, the expected value from Eq.(5). Cornpar- ai 10 
ison was also made between the experiment :E 
and theory for the dependence on the par- g 
tial pressure of oxygen. These results con- >­

firm Eq.(5), showing that M is stabilized ~ 

I 

I -
I\. e: 1473K 

~~1 
,_____ 

•: 1523K 
..&. : 1573K 

1-.~3 
2 .,. ~ 

~~ 

•( ·~ .............. 
- ·-.... -•-as Bal.5M in this slag system. The similar ti 

behavior was also demonstrated for arsenic. < 
Comparing with the CaO-CaF2 system, the 
BaO-BaF 2 system was shown to be more ef­
fective in removing those elements from met- 0 20 40 60 

als under reducing conditions. 

7. Conclusions 

As stated in Introduction, all experimen­
tal findings support BaO as an excellent com­
ponent of the slags for removing unfavorable 
impurities. However, because it is relatively 
expensive and hazardous, its application in 
practice would be limited to the refining of 
precious metals. In this case the recycling or 
treatment of the slags after use must be con­
sidered. 
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Fig. 14. Activity coefficient of MnO for the BaO­
BaF2 system at 1473, 1523 and 1573K compared 
with that for CaO bearing systems. 1: Smith and 
Davis, CaO-CaFrMnO, 1773K, XMno=0.005, 2: 
Smith and Davis, CaO-CaFrMnO, 1773K, XMnO 
= 0.24, 3: Inoue and Suito, CaO-CaF2, 1773K, 
4: Simeonov and Sano, CaO-CaF2-16mass%Si02 , 

1573K. 
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Fig. 15. Dependence of antimony partition ratio 
between Cu and BaO-BaF2 melts on the activity 
of the BaO at 1573K at the oxygen partial pressure 
of 2.80x 10-14 Pa. 
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