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1. 
This invention relates to cast iron, and more 

particularly to a new cast iron, and the produc 
tion thereof, which in the as-cast state produces 
finished castings which are markedly different 
in characteristics and composition from the cast 
irons as heretofore known. 
One of the principal objects of this invention 

is to provide a molten iron mix which in the 
molten state is such that the addition of small 
quantities of selected materials including cal 
Ciun, as in the ladle before pouring into the mold, 
Will produce this new iron of characteristics 
Widely differing from the long and widely known 
gray irons, from the long known white iron cast 
ingS, and also from malleableized iron castings 
which result from the annealing or heat treat 
ment of while iron castings. 
Another object of this invention is to produce 

thus such a new iron which in the as-cast con 
dition and without subsequent annealing has 
Substantially all of the graphitic carbon formed 
during the cooling thereof in spherical or nodu 
lar form. Substantially uniformly distributed 
throughout the castings. 

Still another object of this invention is to pro 
Wide a method for the production of such in 
proved nodular iron of increased commercial 
practicability and ease of operation. 

It is a further object of this invention to pro 
vide an agent for addition to a molten iron mix 
to produce this new nodular iron having the de 
Sired characteristics, which addition agent has 
not heretofore been known nor heretofore used 
in Such production of such new nodular iron. 
A Still further object of this invention is to 

provide a method for the production of such so 
called nodular iron castings utilizing instead of 
expensive metallic alloys as nodular graphite 
forming agents an inexpensive and readily ob 
tainable material containing calcium for eco 
nomic addition to the molten iron mix without 
excessive loss by oxidation or volatilization. 
Other objects and advantages will be apparent 

from the following description and the appended 
claims. 
Cast iron produced from a so-called gray iron 

mix has long been recognized to include gra 
phitic or uncombined carbon which precipitates 
upon cooling to become dispersed in flake-like 
form throughout the solid cast iron. Such a gray 
iron casting including such flake-like graphitic 
carbon is well recognized in the foundry industry. 

If it is desired, however, to produce a cast iron 
in which uncombined or graphitic carbon is pres 
ent in Spherical or so-called nodular form rather 
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2 
than in the flake form characteristic of gray iron 
castings, additional steps must be taken. For 
example, the composition of the molten mix may 
be altered so that the as-cast product Will be a 
so-called white iron containing substantially no 
uncombined or graphitic carbon and then this 
white iron casting may be annealed or heat treated 
for substantial periods in order to cause the Car 
bides contained thereiin to break down so that 
they will be changed to graphitic carbon in spher 
ical form to give a so-called malleableized iron. 
On the other hand, an as-cast iron with the 
graphitic carbon present in spherical or nodular 
form and having characteristics widely varying 
from malleableized iron may be produced from a 
gray iron mix by adding thereto before pouring 
a material which will So influence the precipita 
tion or formation of uncombined or graphitic 
carbon during the casting and cooling of the 
mix that such graphitic carbon will be produced 
in Spherical or nodular form substantially uni 
formly distributed throughout the casting. 
According to this invention such a cast iron 

With nodular graphite microstructure is produced 
from a molten gray iron mix by adding to the 
mix before the pouring and casting thereof a 
small modifying amount of a calcium containing 
Substance Such as Will provide a controlled pro 
portion of effective calcium alloyed with or dis 
Solved in the molten iron mix to produce forma 
tion of Such graphitic nodules. The composition 
of the molten iron mix and of the iron casting 
Without such nodular producing agent present is 
substantially that of a so-called gray iron casting 
normally containing uncombined or graphitic 
carbon in flake-like form, but by the addition of 
Small quantities of nodular producing agents ac 
COrding to this invention, an iron casting is pro 
duced With Such nodular graphite microstructure 
and With Substantially no flake-like graphitic 
Carbon typical of gray iron. The uncombined or 
graphitic carbon nodules are comparable in size 
and distribution and regularity of shape with the 
graphitic nodules or so-called temper carbon in 
in alleableized white iron, but the physical charac 
teristics of the nodular iron product of this in 
vention are widely different from the physical 
Cnaracteristics of so-called malleableized white 
iron. 
This invention, therefore, has produced a new 

nodular cast iron, which in its as-cast form and 
Without subsequent annealing or other heat treat 
ment, has free or uncombined graphitic carbon 
present in nodular form and of such size and ar 
rangement to give increased strength to the iron 
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matrix So that the castings as produced have 
much greater strength under the standard impact 
or Shock test and also under the standard trans 
verse test as these testing procedures are well 
understood in the foundry industry. The tensile 
Strength of this new nodular iron is much above 
that of Ordinary gray iron castings and good 
grades of malleableized iron castings. As a fair 
Comparison the tensile strength of this new nod 
ular iron containing calcium is upwards of 70,000 
pounds per Square inch and said castings have 
been made with still higher tensile strengths, 
whereas the higher grade malleableized castings 
have tensile strengths up to only about 53,000 
pounds to 55,000 pounds per Square inch and 
Ordinary gray iron castings have tensile strengths 
varying widely from under 20,000 pounds up to 
about 45,000 pounds per square inch. 
The ductility or Susceptibility to elongation 

under tension of this new nodular iron is some 
What leSS than malleableized iron and conse 
quently the resistance to bending or distortion 
upon impact is greater, although these charac 
teristics may vary according to alterations in the 
molten composition and may be affected by the 
amount Of Such COinStituents as phosphorus or 
manganese and, to some extent, zirconium if the 
latter be used in the nodular forming material as 
hereinafter described. 
Thus an entirely new nodular iron is made 

available in a S-cast form With such character 
istics as Will give the great Superiority over ordi 
nary gray iron castings as well as over malleable 
ized White iron as to increased tensile strength, 
machinability and capability of withstanding 
shocks which might cause bending or distortion 
of the casting. 
In the practice of the invention it has been 

found that Small proportions of Calcium, When 
introduced into a molten gray iron mix having 
a composition as illustrated by the range of pro 
portions set out below, will result in the produc 
tion of castings which, when completed and taken 
from the mold without Subsequent annealing, 
will have the nodular form of graphitic carbon 
substantially uniformly distributed through the 
casting and With the various characteristics re 
ferred to above. The characteristics of calcium 
are such, however, that practical difficulty may 
be experienced in attempting to add calcium to 
the molten iron mix in metallic or elemental form. 
For example, difficulty has been experienced in 
causing the solution of metallic calcium in the 
molten gray iron mix under conditions usually 
encountered in commercial foundry operations, 
which difficulty may be attributable to the chemi 
cal activity of metallic calcium and its tendency 
to combine readily with carbon present in the 
molten mix to form insoluble calcium carbide. 
Calcium compounds such as calcium oxide, for 

example, being considerably lighter than the 
molten gray iron mix, have a tendency to float 
on top of the mix when added thereto while the 
calcium therein combines to form insoluble car 
bide. Such calcium carbide may be caused to 
break down at Substantially elevated tempera 
tures (of the order of as high as 3000 F.), but 
such temperatures are considerably in excess of 
the usual operating temperature ranges encoun 
tered in cast iron foundry practice. Accordingly, 
if it is desired to operate with usual commercial 
foundry equipment and temperature ranges, etc., 
the introduction of calcium into the molten iron 
mix should be accomplished by means of a cal 
cium introducing agent. effective to introduce 
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4 
calcium into the molten mix without the inter 
mediate formation of calcium carbide and of 
Satisfactory practicability within the limits of 
Such usual foundry practices. 

Satisfactory results have been achieved ac 
COrding to this invention using as Such a calcium 
introducing agent a substance containing cal 
cium silicide. In this form it has been observed 
that calcium may practicably be introduced into 
or dissolved in or alloyed with a molten gray iron 
mix under conditions of usual commercial opera 
tion to provide Cast iron with the desired nodular 
graphite microstructure. Apparently Such intro 
duction of calcium in the form of its silicide may 
be explained by the fact that the high solubility 
of Silicon in molten iron may tend to promote 
the Solution of at least a Substantial proportion 
of the calcium silicide in the molten iron mix 
notwithstanding the fact that calcium itself ap 
parently is more inclined to combine With Carbon 
present in the mix to form calcium carbide rather 
than to become dissolved in the molten iron. For 
example, With additions of approximately 10% 
calcium silicide on the molten mix, sufficient of 
the calcium has been introduced into the mix to 
produce a nodular microstructure instead of 
forming carbide. Such additions, however, ap 
parently tend to include excessive amounts of 
silicon in the molten iron thus producing certain 
undesirable properties in the finished casting 
notwithstanding the nodular graphite formation. 

Since calcium silicide is both Substantially leSS 
dense than molten iron and also has a relatively 
highel melting point, large additions of Such na 
terial also have a tendency to float on top of the 
molten iron mix. Apparently because of Such 
characteristics and the fact that calcium is an 
extremely active element and calcium Silicide is 
a vigorous deoxidizer, such large additions of 
calcium silicide tend to float on the molten iron 
and become burned or oxidized to calcium oxide, 
with part of the calcium contained in the Sili 
cide or the oxide forming calcium calibide but 
with comparatively little of the added calcium 
going directly into Solution to act as an effective 
nodular graphite forming agent at normal con 
mercial temperature and operational langes en 
countered in foundry practices, while the pro 
portion of the calcium which forms the oxide or 
carbide does not appear to contribute to the de 
Siled nodular formation. 
Very satisfactory results have been produced, 

however, and very much smaller additions of 
calcium silicide effective to produce the desired 
nodular microstructure have been accomplished 
when a fluxing material or calcium carbide for 
mation inhibitor Such as calcium filuoride is added 
to the molten mix along with calcium silicide. 
Thus a mixture of calcium silicide and calcium 
fluoride in approximately the proportions of 2 
parts Silicide to 1.5 parts fluoride can be added 
to a molten gray iron mix in the ladle and caused 
to dissolve therein either by stirring or by plac 
ing the calcium material in the empty ladle and 
thereafter tapping the molten iron into the ladie 
On top of the calcium material. In this way it 
has been discovered that a substantially smaller 
amount of calcium silicide need be added for ef 
fective introduction into the molten mix satis 
factorily to produce the desired nodular iron 
Structure. 
Apparently the presence of calcium fluoride 

has a fluxing effect and also protects the cal 
cium Silicide to Some extent from oxidation. 
That is to Say, both calcium fluoride and cal 
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cium Silicide are relatively insoluble in molten 
iron and both have relatively higher melting tem 
peratures than are normally encountered in a 
ladle of molten iron. When both Such Sub 
stances are added together to a ladle of inolten 
iron, however, a melting of both such materials 
occurs So that the Solid calcium silicide becomes 
Softened or fiuent and an effective relting and/or 
Solution is obtained Whereby the calcium ma 
iterial is effectively introduced into the molten 
iron mix for the Successful production of cast 
lings having the desired nodular graphite micro 
structure. 
The Satisfactory introduction of calcium sili 

cide may be further enhanced if both the cal 
cium silicide and the calcium fluoride fluxing 
material are reduced to relatively finely divided 
State and intimately admixed with each other 
before being added to the molten metal. Satis 
factory results have been obtained when the 
calcium Silicide and calcium fluoride are crushed 
or pulverized Suficiently to pass through a 100 
mesh Screen and the two materials in such 
crushed State are intinately admixed With each 
other before the addition is made. It will be 
understood, of course, that a nodular structure 
can be obtained from a molten mix into which 
Such materials are added in Substantially larger 
particles. The use of the small particle size, 
however, has been found to enhance the effec. 
tiveness of the introduction of the material so 
that a satisfactory casting can be made using 
less of the additive calcium material when such 
material is added in finely divided form. 
While calcium silicide thus introduced into 

the molten iron mix enables the production of 
cast iron with desired characteristics, it has been 
found that the duration of the nodular produc 
ing effect of the calcium material may be rela 
tively limited as is noted hereafter. It has been 
discovered that this duration of nodular iforning 
effect can be extended if additional materials 
are incorporated into the nodular graphite pro 
ducing agents. Satisfactory results have been 
obtained using as Such Supplementary addition 
agents materials containing zirconium or ti 
tanium or alminum. 
One convenient and Satisfactory material for 

this purpose is Zirconium-ferro-Silicon composed 
of approximately 4 each zirconium, iron and 
silicon. Zirconium-ferro-Silicon may preferably 
be added in an amount to give approximately 
0.25% to 1% zirconium on the molten iron mix 
(i.e., as by the addition of approximately 0.75% 
to 3% zirconium-ferro-Silicon) in combination 
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and approximately 1% to 3% calcium fluoride. 
Satisfactory results have been obtained by adding 
to provide in the molten mix approximately 2% 
calcium silicide, 1.5% calcium fluoride and 0.5% 
zirconium. Such zirconium additions, it has 
been found, should preferably be kept less than a 
maximum figure of approximately 1% zirconiu). 
for the reason that the presence of zirconium in 
substantial excess of 1% may cause a certain. 
observable embrittlement of the final as-cast 
product. 

In addition to zirconium, titanium provides an 
other such supplementary addition material When 
added in amounts of from approximately 0.5% 
to 1% along with calcium silicide and calcium 
fluoride in the above proportions. Ferrotitanium 
is one satisfactory material from Which titanium 
may be added. Additionally Satisfactory re 
sults have been obtained by the addition of ap 
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6 
proximately 6% of a material containing ap 
proximately 6% calcium, 50% silicon and 10% 
titanium alloyed together. If 0.5% zirconium 
be added along with such calcium-silicon-ti 
tanium alloy, Satisfactory results have been ob 
tained by the addition of but approximately .4% 
of such alloy and similar results obtained when 
-3% calcium fluoride was added along with 4% of 
such alloy. A practicable range for the alloy 
alone is approximately 5% to 10% although ad 
iitions of approximately 6% are preferred. 
As it has been noted above, the crushing or 

pulverizing of the above mentioned materials to 
a relatively small particle size, e. g., sufficiently 
Small to pass through a 100 mesh screen, enhances 
the ease of introduction of the materials into 
the molten iron mix and the effectiveness of the 
amount of Such materials added to the inix in the 
production of the desired nodular graphite micro 
Structure. 
One of the rea,Sons for the observed enhanced 

effectiveness of finely divided material, in addi 
tion to the more intimate admixture of zirconium 
and calcium, may be that Such pulverizing prior 
to addition presents a greatly increased surface 
area of added material when introduced into the 
molten mix in Such finely divided form. Further 
more, as follows from the above noted observation 
that intimate admixture of the silicide and the 
fluoride enhances the effect of both, it has been 
observed that the Supplementing effect of zirconi 
un on the nodular-producing effect of calcium 
is decreased and may not even occur when the 
Zirconium is added to the mix either before or 
after the calcium addition. Consequently it has 
been discovered that the preferred procedure is 
to add the Zirconium, not only simultaneously 
With, but also intinately admixed with the cal 
cium material. 
Such addition may be quite adequately accom 

plished by forming an alloy containing both cal 
cium material and zirconium material. The 
formation of Such an alloy, however, may be 
both expensive and complicated because of the 
eXcessive activity and scarcity of the pure metals 
On the one hand, and the high melting points 
and low Solubilities of their compounds on the 
other hand. In any case such an alloy has not 
been found necessary to achieve satisfactory re 
Sults. 

Satisfactory results have also been obtained by 
the use of a 50-50 alloy of aluminum and calcium 
Silicide by adding to the molten iron mix approx 
imately 6% of Such alloy. Similar results have 
been obtained with but 4% of such alloy when 1% 
calcium fluoride was added with the alloy and 
5% of Such alloy has produced satisfactory re 
Sults when 0.5% airconium was mixed with alloy. 
It should be noted that both the step of pulveriz 
ing the alloy as well as the addition of calcium 
fluoride aid in the effective introduction of the 
alloy into the mix, but the use of the calcium 
fluoride material With this alloy has been found 
not to be necessary since the alloyed aluminum 
appears effective to inhibit calcium carbide for 
mation. A satisfactory range for the alloy alone 
is approximately 5% to 10% although 6% is pre 
ferred. This is also true of the titanium-calcium 
Silicon alloymentioned above. 

It should be noted, furthermore, that the ad 
dition of a mixture or alloy of which the compo 
nents effective to produce nodular graphite struc 
tures make up but a very minor portion should be 
considered With care, since the addition of such 
a mixture containing a large preponderance of 
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materials which are ineffective for nodular 
graphite formation may require the introduction 
of substantial bulk of material which must be 
melted by the residual heat in the molten iron 
mix. That is to say, it is desired that as great 
a proportion as practicable of the Solid ladle ad 
dition be effective nodular producing material SO 
that the total bulk of material added to the ladle 
and which must be melted by residual heat there 
in be as low as possible while still adding Sufficient 
nodular producing material to obtain Satisfactory 
resultS. 

It is to be noted that calcium silicide, alumi 
num, zirconium, and titanium have been used 
previously in the foundry industry as So-called 
graphitizers or deoxidizers in fractional percent 
age additions to certain metallurgical productS. 
The use of calcium silicide alone or in combina 
tion with the calcium carbide formation inhibi 
tors and other materials mentioned according to 
this invention, however, is not such a graphitizing 
or deoxidizing step or method. That is to Say, in 
the first place, the percentage l'anges of, for ex 
ample, calcium silicide herein disclosed valry Sub 
stantially from such usual graphitizing additions. 
Furthermore, it has been observed that Other SO 
called graphitizing and deoxidizing Substances do 
not produce nodular graphitic microStructures 
when added to molten gray iron mixtures ac 
cording to this invention. Furthernhore, calcium : 
silicide may be a so-called carbide stabilizer When 
added in percentages substantially above 5% and 
it is to be noted that when calciunil Silicide, for 
example, is added in Small amounts as a graphi 
tizer or in larger amounts as a carbide stabilizer, 
it is added alone and without benefit of the cal 
cium fluoride fuxing material herein disclosed or 
the pulverizing operation above noted. It is a C 
cordingly apparent that Such graphitizing or car 
bide stabilizing properties do not form a COin 
plete basis for explaining the phenomenal advan 
tages of the materials disclosed herein as nodul 
lar microstructure producing agentS and, con 
versely, that materials possessing graphitizing or 
deoxidizing properties do not function equiva 
lently to the materials herein according to this 
invention merely because of Such graphitizing 
properties. 
An iron mix containing constituentS Within the 

following percentage ranges before adding cal 
cium material as a nodular graphite foriming 
agent, has been found satisfactory for the pro 
duction of cast iron with a nodular graphite mi 
crostructure when calcium containing imaterials 
are added to the molten mix in the ladle before 
pouring according to this invention: 

Carbon----------------------- 3.0 to 4.3% 
Silicon------------------------ Up to 4.0% 
Manganese------------------- Up to 2.0% 
Phosphorus------------------- 0.01 to 0.4% 
Sulfur------------------------ Less than 0.02% 

and the balance Substantially all iron. 
It has also been found that when a calcium 

containing material is added to the molten metal, 
there is a comparatively short time interval dur 
ing which sufficient of the calcium material will 
remain available in the noten material to have 
the effect of producing a nodular microStructure 
in the iron. That is to say, the nodules of graph 
ite are apparently produced as graphitic carbon 
precipitates during pouring and cooling of the 
iron. Consequently a nodular graphite produc 
ing agent must be effectively available to con 
trol this precipitation of graphitic carbon So that 
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8 
the carbon will be caused to form the desired 
nodular microstructure rather than Such flake 
like graphite as is typical of gray iron castings 
produced without the calcium nodular forming 
agent. Accordingly, whatever may be the theory 
of the mechanism whereby these calcium con 
taining materials control the carbon precipita 
tion, Such materials must be available for nodu 
lar formation in the cooling metal throughout 
the critical period during which nodular forma 
tion may occur. 

It has been observed that when insufficient 
amounts of nodular forming agent are added to 
the metal, the carbon precipitated in castings 
poured from the ladle of molten mix first may 
indeed form nodules but the nodule forming effect 
of the Calcium material becomes exhausted SO 
that carbon precipitated in Subsequent castings 
poured from the same ladie will not occur in 
the nodular form. Accordingly, sufficient of the 
nodular forming agent must be added to the 
molten mix so that the duration of its nodular 
forming effect will be sufficiently prolonged as 
to control the precipitation of substantially all 
the graphitic carbon in the ladle of molten iron 
to form a nodular microstructure. On the other 
hand, too great an addition of such nodular 
forming agentS may have pronounced undesir 
able effects on the finished product such as, for 
example, a carbide stabilizing effect tending to 
inhibit graphite formation in the first place. 

Accordingly, the duration of the nodulai' form 
ing effect of added calcium materials becomes 
quite significant in commercial operation since 
the length of time required to complete pouring 
Of the castingS and the cooling thereof may be 
determined by many practical causes not readily 
Susceptible to change-e.g., size and complexity 
of the castingS, quantity of molten mix desired to 
be poured from one ladie, proximity of the molds 
to the furnace from which the molten iron is 
drawn, etc. 
When using a calcium addition agent such as 

Calcium silicide in connection with a fluxing ma 
terial Such as calcium fiuoride, the duration of 
the nodular forming effect may be sufficiently 
short that Sufficient material may not be effec 
tively added to produce nodular microstructure 
throughout the period of pouring and cooling 
without exceeding the maximum limit of calcium 
silicide additions beyond Which other undesirable 
properties may be imparted to the finished 
casting. 
As noted above, the duration of nodular form 

ing effect of calcium silicide additions according 
to this invention may be extended by combining 
an addition of other materials. Also as noted 
above, however, excessive amounts of zirconium 
may cause undesirable embrittlement of the fin 
ished casting. Consequently, it has been found 
that a point may be reached under commercial 
Operating conditions where the time necessary for 
the pouring and cooling of the cast iron may ex 
Ceed the duration of nodular producing effect of 
added calcium silicide even. When combined with 
Zirconium or titanium in amounts below the limit 
above which undesirable properties may be im 
parted to the castings. It has been observed that 
additions of calcium agents according to this in 
vention within the ranges disclosed will provide 
nodular forming material in sufficient quantity to 
produce desired results for a period from about 7 
to 10 minutes, after which time the carbon is 
found no longer to form in the desired nodular 
microstructure. 
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If a longer period than the 7 to 10 minutes re 
ferred to is required before the molten iron is all 
poured into a mold and is in such condition of 
cooling that nodular formation has been con 
pleted, additional amounts of the nodular form 
ing agents may be introduced into the molten 
mix to restore the effectiveness of nodular graph 
ite formation after the 7 to 10 minute period 
stated. Accordingly, should the original period of 
duration of the nodular graphite forming effect 
of the addition agents of this invention expire, 
additional quantities of the agents may be intro 
duced into the mix to extend the nodular forning 
period as required by the foundry procedure. 
Approximately the same proportionate addi 

tions of the nodular producing agents may be 
added as before to extend the nodular forning 
period for another 7 to 10 minutes, but a pre 
ferred practice is to make subsequent additions 
of nodular producing agents in substantially leSS 
amounts than the first addition to extend the 
nodular forming period by short intervals of but 
several minutes each as required by the foundry 
procedure instead of making a second addition of 
sufficient quantity of nodular forming agent to 
extend the nodular forming period beyond Sew 
eral minutes. Consequently, additional Small 
amounts of nodular forming agents less than the 
first addition may be added to the molten mix 
from time to time so that approximately the dis 
closed percentages of unexhausted nodular pro 
ducing calcium material will be present for nod)- 
lar formation throughout the period of pouring 
and cooling during which nodular graphite micro 
structures may be formed. 

Furthermore, the length of time necessary to 
pour a casting as well as the size and shape of 
the casting being poured will have an effect on 
the temperature and cooling rate of the molten 
iron mix and such temperature variations, it has 
been observed, have some effect on the nodular 
forming duration of a given amount of the cal 
cium addition agents. Thus a given amount of 
addition agent may provide nodular forming ef 
fect of Sufficient duration for the pouring of a 
number of Small simple castings which COO al 
most immediately upon being formed whereas 
the same amount of addition agent may not be 
found sufficient to control the nodular precipi 
tation of the same amount of molten iron when : 
poured more slowly into a large complex casting 
Of Such character and in Such manner as to pro 
long the cooling period. Thus the amount of 
nodular graphite producing agent will be SOme 
what controlled by the pouring technique em 
ployed as well as by the number, size and com 
plexity of the castings being produced, and it will 
be understood that such effect of casting size 
and Shape and number upon the pouring and 
cooling is considered in adjusting the amount, 
frequency and number of subsequent nodular 
producing agent additions in commercial foundry 
practices. 
While the processes and products herein de 

Scribed constitute preferred embodiments of the 
invention, it is to be undertsood that the inven 
tion is not limited to these precise processes and 
products and changes may be made therein with 
out departing from the scope of the invention 
Which is defined in the appended claims. 
What is claimed is: 
1. A process for producing iron castings of the 

character described in which graphitic carbon 
formed during the casting and cooling thereof 
is Substantially entirely present in spherical or 
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10 
nodular form without subsequent annealing and 
which are substantially free of flake-like graphitic 
carbon, which process comprises the steps of 
preparing a molten gray iron mix, adding to said 
mix before pouring a limited modifying amount 
of calcium silicide as a nodular graphite forming 
agent with calcium fluoride as a calcium carbide 
formation inhibitor and fluxing agent for intro 
ducing said calcium silicide into Said mix, and 
pouring said molten mix into a mold for pro 
ducing said iron casting. 

2. A process for producing iron castings of the 
character described in which graphitic carbon 
formed during the casting and cooling thereof 
is substantially entirely present in spherical or 
nodular form without subsequent annealing and 
Which are Substantially free of flake-like gra 
phitic carbon, which process comprises the steps 
of preparing a molten gray iron mix, adding to 
said mix before pouring a limited modifying 
amount of calcium silicide as a nodular graphite 
forming agent and calcium fluoride as a calcium 
carbide formation inhibitor and fluxing agent 
in combination with zirconium for prolonging 
the duration of the nodular forming effect of 
said calcium silicide, and pouring said molten 
mix into a mold for producing said iron casting. 

3. A process for producing iron castings of the 
character described in which graphitic carbon 
formed during the casting and cooling thereof 
is substantially entirely present in spherical or 
nodular form without Subsequent annealing and 
which are substantially free of flake-like gra 
phitic carbon, which process comprises the steps 
of preparing a molten gray iron mix, adding to 
said mix before pouring a limited modifying 
amount of calcium silicide as a nodular graphite 
forming agent and calcium fluoride as a calcium 
carbide formation inhibitor and fluxing agent in 
combination with titanium for extending the 
duration of the nodular forming effect of said 
calcium silicide, and pouring said molten mix 
into a mold for producing said iron casting. 

4. A process for producing iron castings of 
the character described in which graphitic car 
bon formed during the casting and cooling there 
of is substantially entirely present in spherical 
or nodular form without subsequent annealing 
and which are substantially free of flake-like 
graphitic carbon, which process comprises the 
steps of preparing a molten gray iron mix, add 
ing to said mix before pouring a limited modi 
fying amount of finely divided calcium silicide 
as a nodular graphite forming agent intimately 
admixed with calcium fluoride as a fluxing agent 
for introducing said calcium Silicide into Said 
mix, and pouring said molten mix into a mold 
for producing said iron casting. 

5. A process for producing iron castings of the 
character described in which graphitic carbon 
formed during the casting and cooling thereof 
is substantially entirely present in spherical or 
nodular form without subsequent annealing and 
Which are Substantially free of flake-like gra 
phitic carbon, which process comprises the steps 
of preparing a molten gray iron mix, adding to 
Said mix before pouring a limited modifying 
amount of a nodular graphite forming reaction 
mixture comprising a finely divided intimate ad 
mixture of calcium silicide and zirconium com 
bined with calcium fluoride as a fluxing material 
for aiding the solution of said mixture into said 
molten mix, and pouring said molten mix into 
a nold for producing said iron casting. 

6. A process for producing iron castings of the 
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character described in which graphitic carbon 
formed during the casting and cooling thereof is 
Substantially entirely present in spherical or 
nodular form without subsequent annealing and 
which are substantially free of fiake-like graphitic 
carbon, which process comprises the steps of 
preparing a molten gray iron mix, adding to said 
mix before pouring a limited modifying amount 
of a nodular graphite forming reaction mixture 
comprising a finely divided intimate admixture of 
calcium silicide and titanium combined with cal 
cium fluoride as a fluxing material for aiding the 
Solution of said mixture into said molten mix, and 
pouring said molten mix into a mold for produc 
ing said iron casting. 

7. A process for producing iron castings of the 
character described in which graphitic carbon 
formed during the casting and cooling thereof is 
Substantially entirely present in spherical or 
nodular form without subsequent annealing and 
which are substantially free of fake-like graphit 
ic carbon, which process comprises the steps of 
preparing a molten gray iron mix, adding to said 
mix before pouring a limited modifying amount 
of a nodular graphite producing agent compris 
ing calcium silicide alloyed with aluminum as a 
calcium carbide formation inhibitor and material 
for effecting direct incorporation of said calcium 
silicide into said mix for nodular graphite forma 
tion therein, and pouring said mix into a mold 
for producing said casting. 

8. A process for producing iron castings of the 
character described in which graphitic carbon 
formed during the casting and cooling thereof 
is substantially entirely present in spherical or 
nodular form without subsequent annealing and 
which are substantially free of flake-like graphit 
ic carbon, which process comprises the steps of 
preparing a molten gray iron mix, adding to said 
mix before pouring a limited modifying annount 
of approximately 2% calcium silicide and 1.5% 
calcium fluoride both finely divided and intimate 
ly admixed together, and pouring said molten mix 
into a mold for producing said iron casting. 

9. A process for producing iron castings of the 
character described in which graphitic carbon 
formed during the casting and cooling thereof 
is substantially entirely present in spherical or 
nodular form without Subsequent annealing and 
which are substantially free of flake-like graphit 
ic carbon, which process comprises the steps of 
preparing a molten gray iron mix, adding to said 
mix before pouring a limited modifying amount 
about 1.5% to 3% calcium silicide as a nodular 
graphite forming agent, 1% to 3% calcium 
fluoride as a fluxing agent, in combination with 
approximately 0.25% to 1% zirconium for extend 
ing the duration of the nodular forming effect of 
said calcium silicide, and pouring said molten mix 
into a mold for producing said iron casting. 

10. A process for producing iron castings of the 
character described in which graphitic carbon 
formed during the casting and cooling thereof is 
substantially entirely present in spherical or 
nodular form without subsequent annealing and 
which are substantially free of flake-like graphit 
ic carbon, which process comprises the steps of 
preparing a molten gray iron mix, adding to said 
mix before pouring a limited modifying amount 
of approximately 1.5% calcium silicide as a 
nodular graphite forming agent, 2% calciutil 
fluoride as a fluxing agent, in combination with 
approximately 0.5% zirconium for extending the 
duration of the nodular forming effect of Said 
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12 
calcium Silicide, and pouring said molten mix 
into a mold for producing said iron casting. 

11. A process for producing iron castings of the 
character described in which graphitic carbon 
formed during the casting and cooling thereof 
is Substantially entirely present in spherical or 
nodular form Without subsequent annealing and 
Which are substantially free of flake-like graphit 
ic carbon, which process comprises the steps of 
preparing a molten gray iron mix, adding to said 
mix before pouring a limited modifying amount 
of approximately 1.5% to 3% calcium silicide and 
a nodular graphite forming agent, 1% to 3% 
calcium fluoride as a fluxing agent, in combina 
tion. With approximately 0.5% to 1% titanium for 
extending the duration of the nodular forming 
effect of Said calcium silicide, and pouring said 
molten mix into a mold for producing said iron 
Casting. 

12. A process for producing iron castings of 
the character described in which graphitic car 
bon formed during the casting and cooling 
thereof is substantially entirely present in spheri 
cal or nodular form without subsequent anneal 
ing and which are Substantially free of flake-like 
graphitic carbon, which process comprises the 
steps of preparing a molten gray iron mix, add 
ing to said nix before pouring a limited modify 
ing amount of approximately 6% of a nodular 
graphite forming agent Comprising approxi 
imately 6% calcium, along with approximately 
50% silicon and 10% titanium as calcium car 
bide formation inhibitors for effecting direct in 
corporation of Said calcium into said mix for 
nodular graphite formation therein, and pouring 
said molten mix into a mold for producing said 
iron casting. 

13. A process for producing iron castings of 
the character described in which graphitic car 
bon formed during the casting and cooling 
thereof is substantially entirely present in spheri 
cal or nodular form without Subsequent anneal 
ing and which are substantially free of flake-like 
graphitic carbon, which process comprises the 
Steps of preparing a molten gray iron mix, add 
ing to said mix before pouring a limited modify 
ing amount of approximately 4% of a nodular 
graphite forming agent comprising approxi 
mately 6% calcium, 50% silicon, and 10% 
titanium in combination with approximately 
0.5% zirconium, and pouring said molten mix 
into a mold for producing said iron casting. 

14. A proceSS for producing iron castings of 
the character described in which graphitic car 
bon formed during the casting and cooling 
thereof is substantially entirely present in spheri 
cal or nodular form without Subsequent anneal 
ing and which are substantially free of fiake-like 
graphitic carbon, which process comprises the 
steps of preparing a molten gray iron mix, adding 
to Said mix before pouring a limited modifying 
amount of approximately 3% calcium silicide 
and 3% aluminum from a nodular graphite 
forming alloy of calcium silicide and aluminum, 
and pouring said molten mix into a mold for 
producing said iron casting. 

15. A process for producing iron castings of 
the character described in which graphitic car 
bon formed during the casting and cooling 
thereof is substantially entirely present in spheri 
cal or nodular form without subsequent anneal 
ing and which are substantially free of flake-like 
graphitic carbon, which process comprises the 
Steps of preparing a molten gray iron mix, add 
ing to Said mix before pouring a limited modify 
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ing amount Of a nodular graphite forming agent 
consisting of calcium silicide, effecting direct 
incorporation into Said mix of an effective nodul 
lar graphite producing proportion of calcium 
from Said calcium silicide Substantially free of 
intermediate formation of calcium carbide, be 
ginning to pour Said molten mix into a mold 
immediately after said addition, thereafter, upon 
the exhaustion of the nodular graphite forming 
effect Of Said agent and before the pouring Of 
Said mix is completed, making a second addition 
of Said agent less than Said first addition to 
extend said nodular graphite forming effect and 
continuing to pour said molten mix to form said 
iron casting. 

16. A process for producing iron castings of the 
character described in which graphitic carbon 
formed during the casting and cooling thereof is 
Substantially entirely present in spherical or 
nodular form without Subsequent annealing and 
which are substantially free of flake-like 
graphitic carbon, which process comprises the 
steps of preparing a molten gray iron mix, add 
ing to said mix before pouring a limited modify 
ing amount of calcium silicide as a nodular 
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graphite forming agent with calcium fluoride as 
a calcium carbide inhibitor and fluxing agent for 
introducing said calcium silicide into said mix to 
maintain the graphite formation controlling 
effect of said added materials in the iron cast 
into a mold throughout the graphite forming 
temperature range in the cooling of said casting, 
and pouring said molten mix into a mold for 
producing Said iron casting. 

IESTER, C. CROME. 
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