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This invention relates to the production of iron-calcium 
base alloys adapted to be used for improving the physi 
cal and chemical properties of iron and steel, and to new 
alloys produced by such a method. 
The iron-calcium alloy of this invention contains as 

the essential ingredients 10 to 70% of calcium and 5 
to 55% of one or more elements selected from silicon, 
aluminum and manganese; O to 5% of nickel, and the 
balance being mainly iron. 
The principal object of this invention is to improve the 

physical and chemical properties of iron and steel by 
the addition of this iron-calcium base alloy to the melt 
in a ladle. 

The principle of this invention is to produce an iron 
alloy containing calcium by adding one or more elements 
which have strong a?inity to both of iron and calcium 
which do not make an alloy or compound with each 
other. 

It has heretofore usually been considered that iron 
and calcium could not make an alloy or compound with 
each other, and it has been recognized that calcium is 
used for the purpose of deoxidation and desulfurization 
of iron and steel and shows remarkable eifects. For‘ 
this purpose calcium silicide has usually been adopted. 
But the calcium silicide is easily oxidized in air and re 
sults very poor yield as an addition alloy for adding cal 
cium to the molten bath of iron and steel. If, on 
the other hand, calcium can be alloyed with iron and 
such an alloy is used for re?ning iron and steel, the 
calcium can be melted in the iron or steel melt with 
very good yield since the iron in iron-calcium alloy is 
the same element as the melt and also uniformly retained 
therein so that calcium can be more e?iciently reacted 
with iron. Known calcium alloys may be mentioned as 
follows: calcium-silicon, calcium-magnesium, calcium 
aluminurn, calcium-lithium, calcium-manganese-silicon, 
calcium-magnesium-silicon, etc., all of which do not con 
tain iron. The inventor has selected nickel, silicon, alu 
minum and manganese as the element which has a?inity 
to both of calcium and iron, and added such element to 
a mixture of iron and calcium and tested these elements to 
make an alloy or not. As the result, the inventor has 
found that an iron-calcium alloy containing the added 
element is produced owing to the reason that the added 
element makes an alloy with calcium and also with iron. 

It has heretofore not been known that nickel and man 
ganese can make an alloy with calcium, while the inven 
tor has found that these elements can make an alloy with 
calcium and also that either one element of nickel, 
manganese, silicon or aluminum can be alloyed with iron 
and calcium and two or more of these elements can be 
added with iron-calcium mixture to make an alloy or 
intermetallic compound. 

Next, the alloys made by adding nickel and manganese 
respectively to iron-calcium mixture will be explained. 

(i) Iron-calcium alloy made by adding nickel.-—The 
nickel-calcium binary alloy‘system is not only unknown, 
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but also their phase diagrams were not known same as 
iron-calcium binary alloy system. But according to the 
investigations of the inventor, it was made clear that 
calcium and nickel have solid solubility and form inter 
metallic compounds such as NiZCa and NiCa which can 
produce binary alloy by eutectic or peritectic reaction. 
On the other hand, nickel forms alloys with iron over 
the range of full concentration. 
Two elements such as iron and calcium can never 

alloy with each other, but when nickel is added to the 
melt of both elements an alloy of iron and calcium con 
taining nickel is produced. 
Among these ternary alloys, those within the range of 

Ca 10 to 56%, Fe 10 to 80% and Ni 0 to 5% are most 
suitable for use as addition alloys.' The alloys having 
compositions outside of the above range are not suitable 
for industrial purposes as such alloys tend easily to de= 
compose into powders. 

(ii) Iron-calcium alloys with added manganese. 
Manganese-calcium binary alloys were unknown up to the 
present time, but it has been revealed that there exists 
chemical affinity between manganese and calcium and 
they can make an alloy by the present invention. As to 
manganese-iron alloy system, these elements make alloys 
over the total concentration range as is well known in 
the art. It manganese is added to the mixture of 
iron and calcium the manganese acts as a medium for 
alloying iron and calcium. 
For iron-calcium-manganese ternary alloy system, the 

following range is most suitable: 

Percent 
Ca ___________________________________ __ 10 to 60 
Fe ___________________________________ __ lOto‘ 80 
Mn ___________________________________ __ 5 to 55 

Alloys outside of the above range are unstable and liable 
to disentegrate so that such alloys can not be adopted for 
addition iron alloys of calcium. 

Similarly the following compositions are suitable for 
different ternary alloy systems. 

In iron-calcium-aluminum alloy system, 
Percent 

Ca ___________________________________ __ 10 to 70 

Fe ___________________________________ __ 10 to 80 
Al _______________________ .___ __________ __ 5 to 55 

In iron-calcium-silicon alloy system, 
Percent 

Ca __________________________________ __ 10 to 70 
Fe _ __ _ 10 to 80 

Si ____________________________________ __ 5 to 55 

In iron-calcium~manganese-silicon alloy system, 

Percent 
Ca __ 10 to 70 
Fe ____ __ ___ __ ___ 10 to 80 

M11 __________________________________ __ 5 to 55 

Si ____________________________________ __ 5 to 55 

An alloy outside of the above range is unstable and 
liable to‘ disintegrate so that it is unsuitable for addi 
tion iron alloys of calcium. 

Examples when the iron-calcium base alloy of. this 
invention is used for iron and steel will be described 
in the following: 

EXAMPLE I 
The quantity of the iron-calcium base alloy added to 

hypereutectoid steel and that of retained calcium. If 
the iron-calcium alloy containing 28.3% Fe, 24.8% 
Ca, 46.1% Si is directly added into the molten mass 
of hypereutectoid steel and its quantity is increased, 
gradually calcium is positively retained in the steel and 
moreover its yield is 3 to 5 times as compared with 
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usually-used‘ calcium-silicide, so that it is apparent that 5 
it is splendid as the addition alloy of calcium. 

[Iron-calcium alloy: (28.3% Fe, 24.8% Ga and 46.1% Si) ._ Calcium silicide: 
I’ _ V(279.4%Oa)],, V _ 7_ 

‘ Analysis, ' 

Added quantity of percent Yield 
Melt N o. ' Ca-alloy, percent of Ga, 

- a percent 

0 Ca 

1 Fe——Oa-—Si__- 0. 5 1.63 0. 007 5. 5 
Fe-Ga- __ 1. 0 1. 62 0.009 3. 6 
Fe-—Ca-—-S 2. 0 1.59 0. 022 4.4 
Fe-—Ca—S1___ .3. 0 1. 45 0.022 V 3.0 

- Fe—Ca—Si1__ 0. 5 1.40 0.007 5. 6 
Fe-Ca-SL- _ 1. 0 1. 22 0.012 4. 8 
Fe-—-Oa—-Si- __ 2.0 . 1. 25 0. 024 4. 8 

3. 0 1.17 0.032 4. 3 
2. 0 1.45 0. 006 1. 0 
5.0 1. 40 0. 018 1.2 
7. 0 1. 45 0. 025 1. 2 
2.0 1. 21 0.005 0.9 
5.0 1.15 0. 011 0.7 
7.0 1.13 0.023 1.1 

- If the iron-calcium base alloy is added to hypereutec 
toid steel and about 0.007 to 0.03% of Ca is retained 
in the steel as in the above table, the, graphite, steel 
containing nodular graphite can be easily obtained under 
the cast state, and in case of steel ingots graphite steel 

’ can be produced without subjecting graphitizing heat 
treatment for a long period. If, on the other hand, 
calcium silicide is used and 0.007 to 0.03% of Ca neces 
sary for the graphitization should be retained, the calci— 
um silicide of about 3 to 5 times of the iron-calcium base 
alloy as above mentioned is necessary so that it is di?icult 
to add the alloy in a ladle and also it lacks the uni 
:Eormity of products and the quantity of silicon to be 
added to the molten steel becomes considerably large as 
the silicon content in the alloy is large, so that it is 
unsuitable for steel since it can not be forged when the 
silicon content increases above about 1.5 %. 

_ When about 1.5% of the iron-calcium base alloy con 
taining 34.5% Fe, 30.1%‘Ca, 13.3% A1, 21.2% Si which 
is crushed to the size of about 8 mesh gauze and mixed 
with about 0.5% of calcium ?uoride is added to the 
molten steel' having the composition C=1.46%, 
Si=0.7%, Mn='0.3%, P=0.01% and S=0.02% in a 
ladle, the obtained nodular graphite steel showed the 
following mechanical properties: ' 

[Annealed after casting at 850°v C. for 1 hour and at 700° C. for 2 hours] 
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[Annealed after forging at 850° C. for 2 hours and at 700° C. for 2 hours] 

Graphite Tensile Elongation Contraction, 
carbon, strength, ~ in 50 mm., percent 
percent kgJrnrn.z percent 

~ 0.6 86 25 32 

EXAMPLE H 

When the iron-calcium base alloy of this invention is 
used for eutectoid-, hypoeutectoid- or alloy-steel. 
The addition of the present base alloy to the above 

steel has special feature of producing very re?ned and 
clean steels. ' 
The molten steel containing C 0.81% and Si 0.50% is 

killed with 0.5% of ferro-manganese, 0.2% of silicon 
and 0.05% of aluminum and then the calcium base 
alloy containing Fe 28.0%, Ca 23.9%, Mn 13.7% and‘ 
Si 33.5% is added to the molten'steel and the steel ingot 
thus obtained is compared, with the ingot which is not 
treated with the addition of the calcium base alloy in 
chemical compositions and'grain sizes as shown in the 
following results. ' ' 

Table I 

Steel Treatment 0 'Si Mn P S Ca 

No. 1-- Addition of 0.05% 
ofAl and 0.8% of . . . V 

Fe-Oa base alloy. 0.82 0.50 0.49 0.001 0.010 0.010 
No. 2.- Addition of 0.05% r 

' > A1 _____________ __ 0.80 0.58 0.41 0.002 0.014 ____ ._ 

Table, II 

Grain coarsen 
Steel ing tempera Grain size 1 

ture, ° 0. 

1,030 5.8 
960 3v 5 

1 (A.S.T.M. grain size number) after heating at 1,000° C. for 3 hours 
and partially water quenched. , ~ . ' ' ' 

EXAMPLE 1n 

' When the base alloy of this invention is used for cast 
iron. ' , 7 

Graphite gensilg hillllongation contraction, The test results of the yield of calcium and the struc 
car on s engt 50 mm., ercent. .' I ' - ' ' pemni kgJmm? percent P ture of cast lron when the iron calcium base alloy is 

55 added to the molten cast 11'011 at various temperatures 
(L5 73 4 6 are shown in Table ‘HI. The lron-calcium base alloy 

used contalned 25.4% of Fe, 20.7% of Ca and 53.3% of 
Si. 

‘ ‘Table III . 

[Chemical composition 0! the cast iron base alloy to which calcium alloy additions are made: 
' 2.8% O, 3.0% Si, 0.004% P and 0.007% S.] 

7 Added Temp., Retained Recovery 
Oa-alloy and its added amount ° 0., Ca, per- of Ca, Shape of graphite 

quantity, percent of Ca, when cent percent 
percent added 

Fe-Ca base alloy.-__--_- 5 1.0 1, 520 o. 015 1. 5 Almost nodular. 
Do_--__' ____ __ -_. 5 1.0 1,480 0.025 2.5 Nodular. 

5 1. 0 1, 440 0. 020 2. 0 D0. 
5 1.0 1,400 0.029 2.9 Almost nodular. 
5 1. 5 1, 520 0. 007. 0. 5 Do. 
5 1. 5 1,480 0.008 0. 5 D0. 
5 1.5 1,440 0.009, 0.6 Eutectic. 
5 1. 5 1, 400 0. 017 1. 1 ' D0. 
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In case of calcium-silicide, the yield of Ca in cast 
iron is very bad and moreover considerably large 
amount of calcium-silicide should be added in order 
to obtain nodular graphite cast iron. On the other hand, 
when the Fe-Ca base alloy of this invention is used 
the yield of Ca is about 3 to 5 times better than that 
when calcium-silicide is used and nodular graphite cast 
iron can be easily produced at a comparatively low tem 
perature such as 1440" C., but with calcium silicide 
the nodular graphite can never be obtained at such a low 
temperature. 7 

As another example, a melt of hypo-eutectic cast iron 
containing 2.8% of C, 2.2% of Si, 0.35% of Mn, 0.02% 
of P and 0.02% of S is prepared and added to it 4% 
of Fe-Ca base alloy containing 27.3% of Fe, 23.9% 
of Ca, 20.8% of Mn and 37.7% of Si mixed with 0.7% 
of calcium ?uoride in a ladle and the melt was inocu 
lated. The resulting cast iron showed nodular graphite 
structure, the tensile strength 56.4 kg./mm.2, elongation 
3% 50 mm, gauge length and Brinell hardness number 
230. 
To the same melt as above is added 7% of calcium 

silicide containing 29.8% of Ca together with 2% of cal 
cium ?uoride in a laddle and the resulting melt was in 
oculated with 0.3% Si. The cast iron thus obtained 
showed nodular graphite structure, but accompanied with 
semi-?ake graphite and very non-uniform structure. The 
lining of ladle was attacked to practically objectionable 
extent. 

In the manufacture of the alloy of this invention, when 
Ca is reduced from the raw material containing Ca a small 
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amount of alkali metals, alkaline earth metals or rare 
earth elements such as sodium, potassium, lithium, barium, 
strontium, magnesium and the like elements is also re 
duced at the same time, and accordingly even when the 
base alloy of this invention containing a small amount of 
such alkali- and alkaline earth-metals and rare earth ele 
ments is used, the Fe-JCa alloys as above mentioned can 
easily be obtained. The object of this invention can be 
attained if the amount of one or more elements of alkali 
metal, alkaline earth metals and rare earth elements other 
than calcium is less than one-?fth of the total quantity of 
calcium. Accordingly the above range should be in 
cluded in the scope of this invention. 
What I claim is: 
1. An iron-calcium base alloy to be added to a melt of 

iron and steel for improving the physical and chemical 
properties of iron and steel, which consists of 20 to 40% 
of calcium, 10 to 50% ‘of manganese, 5 to 40% of silicon 
and a balance essentially of iron. 

2. An iron-calcium base alloy, which consists of 15 to 
30% of Ca, 10 to 50% of Mn, 5 to 20% of Al, less than 
20% of Si and a balance essentially of Fe. 
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