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ABSTRACT OF THE DISCLOSURE 
Method of deoxidizing molten steel by adding calcium 

or calcium alloy to the lower part of the molten steel 
in a vessel after or during deoxidation. By increasing 
the yield of calcium in the molten steel, floatation of some 
inclusions are rapidly accelerated and then those are 
easily separated, and the presence of harmful macro in 
clusions may be decreased in a great quantity. 
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to conduct experiments on the laboratory or industrial 
scale and to publish similar conclusions. The phenomenal 
effect of calcium on the form and quantitative variation 
of inclusions in steel is also recognized in a number of 
papers. However, Sims et al. do not admit the effect of 
calcium by comparing a deoxidation with Ca-Si with one 
using Si. A number of workers hold that calcium is not 
effective. 
One of the reasons for such contrasting results is that 

calcium is considered unstable and its effective yield in 
the steel low because its melting point is 850° C. and its 
boiling point is 1440 C. Also it is simply vaporized when 
it is added to the surface of steel bath. Accordingly, 
various researches have been conducted to obtain im 
proved results. For example, the use of Fe-Ca base alloy 
will decrease oxide inclusions, but its effectiveness is 
small considering the large amount of calcium addition 
(more than 0.2% as (a)), as is shown in Table 1 and 
the final amount of inclusions after addition is large. More 
over, analyzing for inclusions as well as the reliability of 
the results are not without problems. 
TABLE 1.-ANALYSIS OF OXDE INCLUSIONS 

SUMMARY OF INVENTION 
This invention relates to a method of manufacturing 

steel having higher cleanliness by adding calcium or cal 
cium allow to the molten steel and effectively improving 
yield of calcium. This eliminates some non-metallic in 
clusions from the molten steel and further effectively de 
sulphurizes and degasses the steel. 

BACKGROUND OF INVENTION 
Previously Mn, Si, Al, Ti, and Cr have been widely 

used for the deoxidation of steel. Ordinarily, deoxida 
tion is conducted in the ladle at the period of tapping. 
The amount of oxygen in a molten steel is generally 
higher than that being in equilibrium with metallic Mn, 
Si or All of said molten steel. That is, it has been difficult 
to obtain steel with little inclusions and to keep the amount 
of inclusions to lower value, no matter how much de 
oxidizer is added to keep the amount of oxygen low, 
because the deoxidation products formed in the molten 
steel and the oxide inclusions formed by erosion of re 
fractory materials and slag dragged into said molten 
steel amount to a considerable percentage. Moreover, 
deoxidized steel with Si, Al, Ti, and the like tends to 
contain harmful macro inclusions for the steel, so that 
this often results in defects even when the amount of 
inclusions in the steel are negligible. 
Many researchers relating to deoxidation with calcium 

have been conducted in order to solve such problems. It 
was known as early as 50 years ago that calcium alloy 
is a powerful deoxidizing and desulphurizing agent and 
that it can be used in refining steel. Goldschmidt published 
work which showed that the use of Ca-Si for deoxidation 
eliminates oxygen and sulphur from molten steel and form 
melting slags which can easily be separated from the 
molten steel. This fundamental research led many others 
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Fe-Ca Oxide inclusions, weight/percent 
Al base ------------ 

addition alloy FeO MnO SiO2 Al2O3 X oxide 

None 0. 0120 0.0027 0.0056 0.0075 0. U178 
0.5 0.005i 0.0005 0 0036 0.0030 0.0122 

None 0.004.5 0.0013 0, 0120 0.004 0.0252 
1.0 0.0053 0.0022 0.0090 0.0037 0.0202 

None 0.0055 0, 0023 0.0097 0.0075 0.0250 
1.5 0.051 0.0009 0.0055 0.0068 0.0183 

None 0.004 0, 003 0.00 0.017 0.025 
.0 0, 004 0.001 0.0008 0.015 0.0208 

None 0.004 0.0042 0.0002 0.08 0,0262 
1.0 0.006 0.0005 0.0007 0.014 0.0212 

None 0.004 0.001 0.0015 0.04 0.0205 
1.0 0.004 0.0008 0.0009 0.010 0. O157 

None 0.003 t 0.0014 0.06 0.0204 
.0 0.005 tr 0.000 0.006 0.01.11 

In work, on a large scale, to confirm the effect of cal 
cium alloy, the effect of calcium alloy is generally recog 
nized with as much as 5.2 kg./ton addition. This is an 
undesirable amount both because of production cost and 
because of the aimed composition of the steel. 

Finally, research on the deoxidation with calcium have 
been conducted by adding calcium or calcium alloy on 
the top of the molten steel. Because of the inferior yields 
of calcium resulting from its vaporisation, it becomes ef 
fective only after a large amount has been added. 
Vacuum melting methods, vacuum degassing methods 

and electro slag methods are used in order to decrease 
inclusions in the steel. These all require complicated de 
vices and are skilled work, which are therefore unsuitable 
for mass-production. 
The drawbacks to the use of calcium and some con 

clusions on its use may be summarized as follows: 
(1) The yield of calcium in the molten steel is quite low 
when calcium or calcium alloy is added for deoxidation 
purposes. This inferior yield tends to deteriorate as 
the amount of the molten metal increases. 

(2) Accordingly, small amounts of calcium addition are 
not effective. 

(3) However, the effect after a great amount of calcium 
addition is not noteworthy. (The decrease of oxide in 
clusion is small and its final amount high.) 

(4) Calcium is generally added to the steel in alloy form 
and its quantity is naturally restricted in accordance 
with the aimed steel compositions. Therefore, the addi 
tion of calcium in a large quantity will not result in a 
significant effect. 

(5) As the reaction of the calcium at the time of addi 
tion is not known, there is no certain method estab 
lished for the preliminary deoxidation or the timing of 
the calcium addition. 
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(6) Because of the vaporation of the calcium on the bath 
Surface and its violent reaction, with its low melting 
and boiling points, the amount of vaporization or re 
action cannot be controlled at the time of addition. 

(7) Accordingly, there is no known deoxidizing method 
effective in decreasing inclusions or oxygen with a small 
amount of calcium. 

(8) Improvement of the steel properties with calcium is 
not to be expected because of the low yield of calcium 
in the molten steel. 

Mn, Si, or Al may be used in deoxidation without cal 
cium. When the value of equilibrating oxygen with metal 
lic Mn, Si or Al in the molten bath is quite low, the 
concentration of total oxygen in the steel (the sum of 
free oxygen and oxide inclusions, and the oxygen found 
by oxygen analysis) is kept at a considerably high level. 
Because of inclusions not removable from the molten 
bath, it is difficult to keep the total oxygen stable below 
0.004% no matter how much deoxidizer is added. Owing 
to various conditions at the time of deoxidation, inclusions 
that remain in steel tend to be unstable and create macro 
inclusions which are harmful to properties of steel. 

According to the present invention there is provided a 
method of deoxidising molten steel, wherein calcium or 
calcium-containing material is added to the lower part 
of molten bath which has been subjected to a preliminary 
deoxidation step. 

For a better understanding of the invention, reference 
will now be made to the accompanying drawings, in 
which 
FIG. 1 illustrates an embodiment of the invention; 
FIG. 2 shows graphs illustrating the decrease of oxygen 

in steel by using the present invention; 
FIGS. 3 and 4 are graphs illustrating the decrease in 

total oxygen with the addition of calcium at the time of 
Si-deoxidation; 

FIGS. 5 and 6 are graphs, similar to FIGS. 3 and 4, 
obtained from another series of tests (Al-deoxidation). 

Referring now to FIG. 1, calcium alloy is added through 
hollow cylinder or tubing 3 to the lower part of the 
molten bath 5. The calcium alloy is stored in tank 1 and 
its flow is controlled by adjusting valve 2 as gas is blown 
into said cylinder. Refractory lining 4 surrounds cylinder 
or tubing 3, where it enters into the said bath 5. The 
calcium rises to the surface rapidly and eliminates inclu 
sions in said bath and prevents or decreases the occurences 
of macro-inclusions. The requirement for preliminary de 
oxidation is to have the value of dissolving oxygen below 
the predetermined value of oxygen in steel. This matter 
must be conducted prior to calcium addition or during 
addition of calcium. 
The calcium, melting point 1440° C. and boiling point 

1440° C., when added to the lower part of the molten 
bath immediately liquifies or vaporises itself and as it 
rises to the surface, it melts into the bath, thereby re 
acting with free oxygen and oxide inclusions. Inclusions 
reacting with added calcium rapidly rise to the surface as 
changes of its components are brought about and are 
eliminated so that the value of the total oxygen decreases 
surely. 
By adjusting the valve 2 at the bottom of the tank 1 

as shown in FIG. 1, and regulating the amount of the 
calcium addition, a degree of reaction can be regulated 
at the time of addition to the molten bath. 

Several refractory hollow cylinders can be used simul 
taneously instead of the single cylinder shown in FIG. 1. 

Thus, the yield of calcium or calcium alloy added to 
said bath is excellent. (According to our experiments it 
is more than 70% in some cases.) 
An analysis of the remaining calcium in steel is shown 

in Table 2 which is a comparison between a prior art 
addition of 0.1% calcium to the surface of 50 kg. molten 
bath, and an addition of the same amount made by the 
method of the present invention. 
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4. 
TABLE 2.-CALCIUM ANALYSIS IS STEEL 

PERCENT 
Percent 

The prior art ------------------------------ 0.0015 
The present invention ----------------------- 0.013 

This shows that the amount of calcium to be added is 
Small as compared with the prior art method. (In the prior 
art, more than 0.2% calcium was used. According to this 
invention, 0.05% addition is quite sufficient.) The more 
the amount of the molten steel increases, the longer 
becomes the contact period of calcium either in liquid or 
vapour form. In some cases the static pressure of the 
molten bath is higher than the vapour pressure of the 
calcium, thereby making the present method more effec 
tive than ever. 
The calcium or calcium alloy required for the present 

invention may be a powder, granule or in small lump 
form. Besides the calcium or calcium alloy or calcium 
compound, magnesium, sodium or potassium or their 
alloys and compounds may be added. 
The calcium or calcium alloy is usually added to ladle 

containing the molten steel but it can also be added to 
open hearth, converted, electric furnace or mould. 

Inert gases like argon or nitrogen gas may be used 
when the calcium or calcium alloy is added. In the case 
of nitrogen addition, formation of nitrides can be effec 
tively achieved. Other additives aimed at the formation 
of nitrides can also be added along with the calcium or 
calcium alloy. In this case, the partial pressure of oxygen 
in the molten bath contacting nitrogen gas is kept at a 
very low level by calcium and nitrogen absorption in 
said bath is very effective. 

Because of an exothermic reaction by addition of the 
calcium or calcium alloy, the deoxidizing agent can be 
added without lowering the temperature. 
The molten steel is stirred well as the calcium vaporizes 

and rises to the surface of said bath, thereby making com 
position of said bath uniform. 
As is indicated in Table 2, the contents of calcium re 

maining in steel is smaller, so that calcium has the pos 
sibility of improving properties of steel greatly. 
Much of inclusions in the molten bath that have hitherto 

been unable to rise to the surface of said bath are made 
to rise rapidly and in stable condition by the addition of 
the calcium. The decrease in percentage of inclusions is 
large, the final level of contents reached is small and 
stable. 
By adding 0.05% calcium to 50 kg. molten steel which 

has been preliminarily deoxidized with Mn, Si or Al, it 
is possible to keep the concentration of oxygen below 
0.002%. By the prior art, it is difficult to keep it below 
0.005%. The composition of inclusions remaining in 
steel is made to change to one which prevents harmful 
macro inclusions from being formed. Accordingly, the 
size of inclusions in a steel ingot is extremely small. 
Any aimed composition of steel is possible to obtain 

easily as the amount of added calcium is small. 
When this method is compared with the vacuum melt 

ing process, the vacuum degassing process or the electro 
slag process, the apparatus is extremely simple requiring 
no skilled work and is therefore suited for mass produc 
tion. 
The nature and effectiveness of the present invention 

will now be more fully discussed with reference to FIGS. 
2 to 6. 

FIG. 2 contains curves 1, 2, 3 and 4. O is the level of 
oxygen in the molten steel before deoxidation. Curve 1 
shows the behaviour of total oxygen, when deoxidation 
is effected in a normal manner at time T, while curve 2 
shows the behaviour of free oxygen under the same con 
ditions. In curve 3 calcium has been added at time T. 
and the total oxygen is shown on the curve 3, while the 
behaviour of the free oxygen under the same conditions 
is shown in curve 4. The difference between curves 1 
and 2 respectively and curves 3 and 4 respectively gives 
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contents of oxygen present as inclusions in the molten 
steel. 

FIGS. 3 and 4 show the behaviour of total oxygen in 
electrolytic iron, 1 kg, which has been melted in a high 
frequency furnace, with the temperature kept at 1600 
C. and to which is added 0.05% calcium after it has been 
deoxidized with 0.3% silicon. In FIG. 3, the total oxygen 
reaches a constant value of 0.015% approximately in one 
minute after calcium has been added. Under the same 
conditions but without calcium addition, it will also reach 
the set value of 0.015% in six to eight minutes after Si 
addition (see FIG. 4). In these experiments, the metallic 
Si present was 0.10% and the equilibrating oxygen was 
0.015%. Free oxygen at the period of Si deoxidation is 
shown to decrease in approximate equilibrium with metal 
lic Si. That is to say, of the oxygen value of 0.065% in 
one minute after Si addition, most of it is SiO2, the pri 
mary deoxidation product. This is found to rise rapidly 
to the surface of molten bath and is eliminated by the 
calcium addition. The size of inclusions in steel after the 
calcium addition are extremely small, and its composition 
has been shown to be different from the composition prior 
to addition, 

FIG. 4 shows an embodiment where calcium has been 
added to the bath after SiO constituting the primary de 
oxidation product had almost risen to the surface of said 
bath and eliminated. In this example, it is found that a 
constant value of total oxygen, that is, about 0.015%, is 
obtained in about six minutes. Accordingly, in the proc 
ess of Si-deoxidation, an addition of calcium during Si 
deoxidation is desirable. 

FIG. 5 shows that the total oxygen reaches 0.0016% 
and less if calcium addition has been made. Under the 
same conditions, but without calcium, it reaches about 
0.004% but not less in 6 to 8 minutes after the aluminum 
addition (see FIG. 6). In these experiments, the metallic 
Al was 0.14% and the equilibrating oxygen with Al is 
about 0.0001%. In the case of Al deoxidation, fine parti 
cles formed in the primary deoxidation cannot rise to the 
surface of said bath even when the free oxygen decreases. 
The value of total oxygen is thus kept at a considerably 
higher level than that of the free oxygen and does not 
decrease. Of the oxygen value of 0.046% in one minute 
after Al addition, most of it is Al2O3, the primary deox 
idation product. It rapidly rises to the surface of said 
bath and is eliminated, when calcium is added. The value 
of the total oxygen tends to approach the value of free 
OXygen. 

FIG. 6 shows an example where calcium addition is 
made to the molten steel where considerable Al2O3 re 
mains as the primary product. This figure indicates that 
oxygen rapidly decreases and the value of the total oxygen 
approaches the value of free oxygen. 

In FIGS. 5 and 6, the size of inclusions in steel after 
calcium addition becomes extremely small and its com 
position is different from that before the addition made. 
AlO generally tends to cluster, but such tendency is not 
to be found in inclusions to which calcium addition has 
been made. This shows that the effective addition of calci 
um prevents the macro inclusions peculiar to Al2O3 in 
clusions. 
The use of calcium alloy, when calcium content of 

said alloy is equal, gave similar results. 
The foregoing results have hitherto been unknown. 

These facts reveal that calcium addition to the molten 
bath after or during deoxidation so as to keep a level of 
free oxygen contents at a point below the finally desired 
level of oxygen will decrease, rapidly and in considerable 
quantity, the primary deoxidation products. 

FIGS. 3 to 6 show the results of small scale experi 
ments with the molten steel of 1 kg., but the same or a 
similar effect is found when the amount of molten metal 
is increased to that of the scale of industrial production. 
The method is effective because the manner of addition 
keeps the amount of calcium escaping into the atmosphere 
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6 
as small as possible by keeping the contact period of 
calcium in liquid or vapor form longer after it has been 
added to the lower part of the molten bath. Accordingly, 
the more the amount of the molten steel, the longer the 
contact period. In some cases the static pressure of molten 
bath becomes higher than the vapor pressure of the cal 
cium, thereby making the method more effective. This has 
been confirmed in large scale tests. 
The amount of deoxidizing element needed to keep 

free oxygen below 0.004% is, in the case of metallic Al 
about 0.0004%, and in the case of metallic Ti according 
to the work of Chipman et al. about 0.02%. That is to 
say, by adding calcium or calcium alloy to molten steel 
deoxidized preliminarily to make metallic Ald0.0004% 
and metallic Ti)0.02%, the total oxygen can be decreased 
to below 0.004%. In this case, the composition of the 
inclusions change so that it prevents harmful macro in 
clusions in steel. 

In a process of adding calcium or calcium-base alloy 
not only the devices mentioned above are used, but also 
blowing and adding through a penetrating hole on the 
bottom of a vessel may be employed. 
What we claim is: 
1. In the steel deoxidation process wherein molten steel 

containing free oxygen is deoxidized in a vessel by the ad 
dition of a deoxidizer to said molten steel to substantially 
eliminate said free oxygen and to form non-metallic in 
clusions in said steel resultant from the deoxidation, the 
improvement comprising blowing into said molten steel 
after the addition of said deoxidizer thereto about 0.05% 
by weight of said molten steel of at least one calcium 
additive selected from the group consisting of calcium 
and calcium alloys, said calcium additive being blown 
into the lower part of said vessel containing said molten 
steel by a blowing gas, whereby the amount and size of 
said nonmetallic inclusions in the steel are substantially 
reduced. 

2. A method as defined in claim 1, wherein said molten 
steel is deoxidized to substantially eliminate said free 
oxygen by addition of at least one deoxidizer selected 
from the group consisting of manganese, silicon and 
aluminum. 

3. A method as defined in any one of claims 1 and 2, 
wherein said blowing gas is nitrogen or argon. 

4. A method as defined in claim 3, wherein said cal 
cium additive is blown through a refractory hollow cyl 
inder. 

5. A method as defined in any of claims 3, 4, 1 and 2, 
wherein said vessel is a ladle into which the molten steel 
has been poured. 

6. A method as defined in any one of claims 3, 4, 5, 1 
and 2, wherein said calcium additive is calcium. 
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