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This invention relates to the production of cast iron with 
graphite in the nodular form and is based on the discovery 
that fluorides of rare earth metals, fluorides of alkali 
metals and fluorides of alkaline earth metals may be used 
to promote effective solution of alkaline earth, alkali 
metals, and carbides and silicides of these metals. 
This invention has for its object the controlled produc 

tion of cast iron with nodular graphite by a selection of 
carbide metastabilizing agents and fluoride carriers in rela 
tion to the characteristics of the base metal, the section of 
the casting to be made and the physical properties desired. 

Another object of this invention is the production of 
nodular cast iron having pre-selected "as cast' elongations 
of a higher order than was hitherto possible on a com 
mercial scale. 
Another object of this invention is an improved nodular 

cast iron produced by a positive control procedure using 
carbide measuring tests to determine the progress of con 
version of the graphite to the nodular form. 

It has been disclosed in U. S. Patent No. 2,527,037 that 
certain carbide metastabilizing agents when added to a 
gray cast iron melt so as to produce a mottled to white 
iron, will result in nodular graphite when this iron is sub 
sequently graphitized. This patent further disclosed that 
wedge tests could be used to follow the process of carbide 
metastabilization followed by graphitization and that the 
carbide wedge values should be related to the section of 
the casting to be cast. 
The present invention describes for the first time simul 

taneous carbide metastabilizing and graphitization, which 
can be followed by means of carbide measuring tests. 
This simultaneous action is made possible by the use of 
a fluoride carrier which maintains a condition of meta 
stability in the melt that will give the desired graphite 
structure as well as the desired matrix structure in the final 
casting. 
The full significance of this invention can be appreci 

ated by a consideration of the known principles involved. 
When a carbide metastabilizing agent such as sodium, 
potassium, magnesium, lithium, cerium, calcium, barium 
or strontium is added to a cast iron melt so that it is ab 
sorbed by the melt, the agent will produce undercooling 
on solidification which will result in an increased carbide 
value directly related to the carbide metastabilizer dis 
solved in the metal and the inherent graphitizing power 
of the metal itself. This undercooling can only occur 
when all nuclei which may precipitate graphite from the 
melt have been taken into solution or eliminated. 

Examples of such nuclei are the common metalloids of 
manganese, silicon, oxygen and sulphur and undissolved 
particles of graphite. Carbide metastabilizing elements in 
general tend to combine with said nuclei themselves, but 
vary considerably in their efficacy. 
Thus, some metastabilizing elements have a strong ten 

dency to form metalloids but are relatively weak carbide 
stabilizers such as magnesium and calcium. Others may 
be strong metalloid formers and stronger carbide stabiliz 
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2 
ers, such as cerium and lithium, whereas still others may 
be weak in this direction and weaker carbide stabilizers 
such as barium and strontium. 
The fact is that various carbide metastabilizers will be 

have differently under different circumstances, depending 
on their particular effectiveness to purify the melt and/or 
on the relative stability of the metastable carbides that 
they produce. This difference in behavior is a function 
of this invention and this is made possible by the principle 
of fluoride incorporation. 

In order to utilize the particular ability of certain car 
bide metastabilizing agents, this invention in its preferred 
form uses a plurality of carbide metastabilizers combined 
with fluoride carriers. It uses mixtures of fluorides and 
compounds of carbon and silicon in combination with car 
bide metastabilizing agents of the nodular impelling type 
according to the conditions of operating and the results 
desired. In this specification the term "carbonsilicon' 
compound is taken to mean a compound containing either 
carbon or silicon or both. Unlike other disclosures re 
lating to the use of metastabilizers, this invention con 
templates the treatment of a melt by combining carbide 
metastabilization and graphitization in a concurrent mech 
anism. Specifically, the invention consists of adding Suc 
cessively a plurality of mixtures to a molten bath, these 
mixtures consisting of fluorides and a carbon-silicon com 
pound with said fluorides and said carbon-silicon com 
pounds both being selected from the group consisting of 
calcium, magnesium, barium, lithium, zirconium, stron 
tium, sodium, potassium and rare earths. These elements 
fall within the groups known as alkaline earth, alkalies 
and rare earths. 
The first step of the invention in its preferred form, 

uses a carbide metastabilizer and fluoride carrier particu 
larly adapted to the condition of the molten metal and 
renders it in a receptive state to a second addition com 
bination selected to give the exact structure desired in the 
final casting. 
A combination consisting of from 10-30% rare earth 

fluoride and from 70-90% calcium silicide is particularly 
suited to purifying the molten bath to the point where 
calcium as a carbide metastabilizing agent will produce 
metastable carbides of calcium in the melt. Where it is 
desired to strongly emphasize carbide formation as in a 
soft gray iron or where a heavy casting is to be poured, 
it is preferred to add from 10-30% of calcium carbide to 
this mixture. A typical mixture would consist of 10-30% 
calcium carbide, 10-30% rare earth fluoride and 40-80% 
calcium silicide. 
The preferred mixture as described utilizing a rare earth 

fluoride and calcium silicide or calcium carbide, is a good 
purifier and will, when given the opportunity, reduce 
sulphur from as much as about 0.10% to as low as about 
.005%. Where opportunity for sulphur reduction is not 
always present as where time of contact with the slag pro 
duced by the addition is limited, the mixture is still able 
to effectively neutralize the effects of sulphur without 
necessarily removing it from the melt. This means that 
sulphur reduction per se, is no guide as to effective neu 
tralization of the melt prior to carbide metastabilization. 
Good nodular irons have been produced by this invention 
with sulphur contents as high as about .08%. 

Carbide metastabilization, however, does not occur un 
til impurities in the melt have been rendered inoperative. 
The point of neutralization is always followed by an in 
crease in the carbide value of the melt when a slight fur 
ther addition of the preferred mixture is made. This can 
conveniently be followed by carbide measuring tests. 
The preferred mixture of rare earth fluorides and cal 

cium silicide will graphitize a melt while it is combining 
with subversive elements. This is because it contains a 



2,821,478 
3. 

high proportion of silicon, which element is not fundamen 
tal to the process of purification. Calcium which is reri 
dered operative by the fluoride carrier and possibly some 
of the rare earth fluoride carrier itself, is involved in puri 
fication. When once this purification is complete, further 
calcium rendered operative by the rare earth fluoride 
carrier becomes available to act as a carbide metastabi 
lizer. 
The first step of this invention involves the addition of 

the preferred rare earth fluoride, calcium silicide mixture 
until the carbide value of the molten metal starts to in 
crease, that is until carbides are obtained in the melt. 
These carbides, which are undoubtedly carbides of cal 
cium and rare earth elements may be detected by means 
of noting the difference between a carbide measuring test 
taken on the original bath and another taken after treat 
ment in amount sufficient to neutralize unwanted impuri 
ties and meta-stabilize the melt. 

If then this mixture is added until the carbide value of 
the meltis very slightly higher than it was before the addi 
tion, it may be considered that neutralization of impuri 
ties is complete. This applies regardless of the carbide 
content of the original bath. All that is necessary in the 
first step of this invention is to add the mixture until the 
carbide value of the original melt has been increased by 
a detectable amount. 
The carbide value referred to is preferably detected by 

fracture or wedge tests. While this is the preferred method 
of measuring carbide values, the invention is equally oper 
ative when using other methods. The important feature 
is to make the addition of step one until a detectable or 
measurable increase in carbide value is obtained. When 
using wedge tests as disclosed in U. S. Patent No. 
2,527,037, a value of about 242 represents a just measur 
able increase, whereas a value of about 462 is a well de 
fined increase. 
When a cast iron melt has been purified and neutralized 

by the preferred mixture to the point where the carbide 
value as shown by the carbide measuring test has in 
creased by at least 242, the microstructure will show a por 
tion of the free graphite in nodular form. All types of iron 
regardless of the initial carbide content will, when cor 
rectly treated, show a higher carbide value. 
Thus the product of the first step of this invention is a 

cast iron melt which has been undercooled and which is 
in a condition where it is immediately responsive to fur 
ther additions for further undercooling. The first step 
may be modified in degree by varying the base metal in 
Such a way that larger or smaller additions are required 
for purification, but in any event the final product of the 
As step will show a higher carbide value than the original 
met. 
The Second step of this invention in its preferred form 

contemplates the additions of a carbide metastabilizer and 
fluoride combination which is different from that used in 
the first step in that it is less powerful as a carbide meta 
stabilizer than the mixture used in the first step. 

It has been found that an alkaline earth or alkali sili 
cide and an alkaline earth or alkali fluoride combination 
is particularly effective as an addition in the second step 
of this invention. 
A vs. preferred mixture contains 20-40% of calcium 

fluoride and 10-15% magnesium silicide with the balance 
as calcium silicide. Another mixture is 20-40% calcium 
fluoride, 10-30% barium silicide and the balance calcium 
silicide. A third mixture is 15-35% calcium fluoride, 
5-15% magnesium fluoride and the balance as calcium 
silicide. 
The tendency of the mixture used in the second step to 

give metastable carbides may also be increased by using 
a proportion of rare earth fluoride and/or a proportion 
of alkaline earth carbide. This is particularly useful 
when the metal is being processed for heavy casting sec 
tions or for increased quantities of pearlite in the micro 
structure. Particularly effective mixtures are 20-40% cal 
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4 
cium fluoride, 5-10% rare earth fluoride and the balance 
as calcium silicide or 20-40% calcium fluoride, 10-30% 
calcium carbide with the balance as calcium silicide. 
The preferred mixture used in the second step of this 

invention is designed to be neutral in its effect on carbide 
value or to be slightly carbide forming. The carbide 
forming properties decrease with increasing additions. By 
adding a carbide metastabilizer it is possible to convert 
the carbon into nodular form. When the first step of the 
invention has not been carried to the desired degree, com 
plete conversion of the carbon into the nodular form by 
the addition in the second step, cannot be accomplished 
unless abnormally large additions of the second step are 
used. Such large additions have an adverse effect on the 
physical properties and the structure because they raise 
the silicon content of the metal to a very high level. It 
is a feature of this invention that complete nodularity can 
be obtained with relatively small additions, practiced in 
both steps No. 1 and No. 2, because of the sensitive struc 
tural changes that occur. 
The second step of this invention contemplates the addi 

tion of the alkaline earth silicide and alkaline earth fluo 
ride mixture in an amount in excess of 2% by weight 
so that the carbide value of the metal of the first step 
remains neutral or is increased by a detectable amount. 
Thus the second step mixture is added in such amount 
that graphitization does not occur. If graphitization oc 
curs the end product may not have sufficient graphite in 
the nodular form. If, on the other hand, carbide me 
tastabilization is carried too far, the end product may 
contain excessive carbides which when annealed may 
give conventional malleable iron graphite, because the 
carbides are unduly stable. 

In the process of this invention, the second step is in 
timately linked with the first step and failure to carry both 
steps to the desired conclusion will not give the product of 
the invention. When using wedge tests as a measure of 
carbide value, the combined steps 1 and 2 in the process 
of this invention will give a carbide value increase of not 
less than about 242, being a detectable amount, and pref 
erably not more than about 932. When using other 
method of carbide value measurement in the process of 
this invention, the combined steps 1 and 2 will give a 
carbide value increase of about 1 to 6% over that of the 
first carbide value and preferably not more than about 
24 to 36% over that of the first carbide value, giving a 
total carbide range of about 1% to about 36% over that 
of the first carbide value. The addition of the first 
step will give a carbide value detectably greater than the 
initial carbide value but still lying in the total carbide 
range of from about 1 to 36%. This carbide increase 
insures that undercooling has taken place. On the other 
hand, the limiting maximum carbide increase insures that 
sufficient silicon has been added for graphitization so that 
the carbide metastability produced by the alkaline earth 
metal is opposed in sufficient degree to give nodular 
graphite in the section of casting to be poured. It is an 
important feature of this invention that the carbide value 
of the original melt be adjusted in accordance with the 
section of the casting to be poured. 
The function of the fluoride in this invention is pri 

marily as a wetting agent to assure solution of the vola 
tile alkaline earth or alkali; metal in the molten cast iron, 
thus permitting the formation of alkaline earth carbides 
by reaction between the carbon and the additive. The 
degree of carbide forming effect is quickly measured in 
the treated molten iron by carbide measuring tests. 
The exact same mechanism occurs in the second step, 

but in this case the rate of absorption of alkaline earth 
metal by the bathis decreased by changing the composi 
tion of the additive in order to assure recovery from the 
surfusion or undercooling of the carbide effect. 
Another feature of this invention is the production of 

a suitable "as cast' structure with respect to combined 
carbon to insure any desired degree of "as cast' ductility 
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in the final product. It is well known that carbide 
metastabilizing agents promote combined carbon by sta 
bilizing the carbide that occurs in pearlite that results in 
the microstructure of the “as cast” product. By very 
careful control of the degree of undercooling to insure 
completely nodular graphite and by balancing the under 
cooling with silicon in such a way that all the combined 
carbon is precipitated as nodular graphite, it is possible 
to secure a fully ferritic matrix with a very high “as 
cast' ductility. 

I find that the use of a rare earth fluoride as a carrier 
favors the production of relatively strong metastable car 
bides, whereas an alkaline earth fluoride favors the pro 
duction of weaker metastable carbides. By varying the 
composition of the mixture added as a second step to 
make it more weakly carbide forming, so that relatively 
large amounts have to be added for the desired carbide 
increase, a condition of higher "as cast' ductility is fav 
ored. The use of barium silicide in the mixture used 
for the second step, is particularly good in this direction. 

Conversely, by making the composition of the mixture 
of the second step so that it is more strongly carbide 
forming, it is possible to obtain a more pearlitic struc 
ture with lower ductility, but with improved yield 
strength. The use of calcium carbide in the mixture 
used for the second step is particularly good in this 
direction. 

If there were no first step to this invention, or if the 
first step was not carried far enough, some of the carbide 
metastabilizers added in the second step would be used 
up unnecessarily. This would result in an uncontrolled 
or unbalanced condition where the silicon added in the 
second step mixture would be predominant and where 
incomplete nodularity of the graphite would result. Con 
versely, if the first step were carried too far, carbide 
metastabilization would be favored and silicon added in 
the second step mixture would be ineffective, resulting in 
free carbides in the structure. An essential feature of 
this invention, therefore, lies in complete neutralization 
of harmful impurities by the procedure outlined in the 
first step. This conditions the melt and even starts the 
graphite on the way to being nodular. Subsequent addi 
tions in the second step, therefore, can be regulated to be 
fully effective in promoting nodular graphite with a con 
trolled matrix structure in the finished casting. 

For positive control the addition of the second step 
may be varied in composition and in amount. Its com 
position can be varied according to the potency of its 
carbide metastabilizer content. 

This invention contemplates the use of calcium as its 
preferred carbide metastabilizer, balanced by silicon as 
the preferred graphitizer. It is possible, therefore, to 
express the composition of the second step additive in 
terms of its equivalent calcium content as a ratio to its 
silicon content. This ratio we have called its C. M. F. 
factor or carbide metastability factor. 
The working calcium equivalent of carbide metastabiliz 

ing elements that are operative in this invention, in terms 
of their ability to form metastable carbides, is tabulated 
below. In this table calcium has been given a value of 
unity. 

Carbide Metastabilizer Working Calcium 
Equivalent 

Rare earths.---- 
Magnesium...- 
Calcium------- 
Strontiun 
Zirconiuna 
Barium. 
Sodium. 
Potassium-------------- 

The rare earths referred to in this table are those of 
the lanthanide series having atomic numbers of 57 through 
71 and the actinide series having atomic numbers of 89 
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2,831,478 
through 98. With the aid of the calcium equivalent it 
is possible to calculate the carbide metastability factor 
of any addition agent used in the process of this invention. 
As an example, consider an addition agent consisting of: 

Percent 
Calcium silicide (30% Ca 60% Si) --------------- 45 
Magnesium silicon (10% Mg 40% Si) ------------ 20 
Calcium fluoride (50% Ca) ------- - as a m r - - as a on means as 25 

Calcium carbide (60% Ca) --------------------- 10 
The equivalent calcium and silicon, content of this 

mixture would be: 

Calcium Equivalent Silicon Content 

60% of 45%=27.0 
40% of 20%= 8.0 

Calcium Silicide.-- 30% of 45%X1=13.5 
Magnesium Silicon- - 10% of 20%X2= 4.0 
Calcium Fluoride - 50% of 25%Xi=12.5 
Calcium Carbide-------- 60% of 10%X1s 6.0 

Total Calcium 360 Total Silicon 35.0 

The calcium to silicon ratio of this mixture would be 
36.0/35.0 or 1.03 or the C. M. F. (carbide metastability 
factor) = 1.03. s 
As a further example, consider an addition agent con 

sisting of: 
Percent 

Calcium silicide (30% calcium 60% silicon) ------ 35 
Magnesium silicon (10% magnesium 40% silicon) --- 20 
Calcium carbide (60% calcium) ----------------- 20 
Rare earth fluoride (60% cerium) --------------- 10 
Calcium fluoride (50% calcium) ----------------- 15 

100 

The equivalent calcium and silicon content of this 
mixture would be: 

Calcium Equivalent Silicon 

Calcium Silicide-------- 
Magnesium Silicon 
Calcium Carbide--- 
Rare Earth Fluorid 
Calcium fluoride-------- 

30% of 35%X=10.5 
10% of 20%x2= 4.0 
60% of 20%x=12.0 
60% of 10%X3=18.0 
50% of 15%X1 = 7.5 

60% of 35%=21.0 
40% of 20%= 8.0 

Total Calcium 52.0 Total silicon 290 

The calcium to silicon ratio of this mixture would be: 
52.0 
29.0 or 1.79 

or the C. M. F. (carbide metastability factor)=1.79. 
The addition in the first step is selected more for its 

ability to neutralize harmful impurities than for its 
C. M. F. value. It should, however, have a C. M. F. in 
excess of 1.0 in order that it may rapidly raise the carbide 
value as soon as neutralization of impurities is complete. 
This rapid increase in carbide value with small additions, 
prevents large excess of carbide metastabilizing agents 
from being incorporated into the melt at this stage. This 
is an important feature of this invention where the first 
step contemplates the incipient formation of nodular form 
of graphite and relies on the second step for controlled 
and complete matrix and graphite control. 

In the process of this invention the nature of the 
original metal bath is important in that the carbide value 
of this bath must be adjusted in relation to the section 
of the casting to be poured and also in relation to the 
degree of "as cast' ductility required in the casting. For 
maximum "as cast' elongation it is preferred that the 
working carbide value of the original bath is not more 
than about 10% of the casting section and is normally 
at about 7.2% of the casting section. For moderate "as 
cast' elongation it is preferred that the working carbide 
value of the original bath is not more than about 15% 
of the casting section and is normally about 12%% of 
the casting section. For maximum "as cast" modulus 
values it is preferred that the working carbide value of 
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the original bathis not more-than about:25% of the cast 
ion; and is normally at about.20% of the casting 

ection. Where free. carbides are desired in the final. 
casting it;is preferred that the working carbide value of 
the original bath is at least about 50-80% of the casting 
section. 

For example when using a wedge test as an index of 
the carbide value, the relationship between the carbide 
value and the final structure-desired for a one inch sec 
tion, is tabulated below. For. sections outside of this 
tabulation the percentage relationships already discussed 
are used. In this table the desired working wedge values 
at all steps of the process are indicated: 
Preferred working carbide values for 1' casting section 

Carbide Carbide 
Walue Walue 
After After. 
Step 1 step 2: 

Addition Addition 

In 32nds In 32nds In 32nds 

Carbide 
Walue of 
Bath 

3-7 3-9 For maximum 'as cast' elongation----- 1-3 
For moderate 'as cast' elongation.---- 3-5 5-9 5 
For maximum'as cast' modulus values 5-8 7-12 7-14. 
For free carbides------------------------ 16-I9 i8-23 18-25 

An improved feature of this invention is that the de 
sired carbide: value, must be obtained at each step of the 
invention. Having the desired carbide value at one step 
of the invention alone, will not result in the improved 
product of the invention. 
As already indicated the C. M. F. (carbide metastabliz 

ing factor) of the alkaline earth metal silicide and alkaline 
earth, alkali or rare earth fluoride carrier mixture, must 
be adjusted according to the degree of carbide metasta 
bility aimed at in the final treated melt. This control, 
coupled with the control of the carbide value of the 
original bath allows a positive control of both the nodu 
larity of the graphite and the nature of the metallic-matrix. 
structure, particularly with respect to its combined carbon 
content. 

Alloying elements not normally included in the addi 
tion agents may modify the structures according to their 
influence on the carbide values of the metal. Under the 
process of this invention, obtaining the correct carbide. 
value at , each step of the invention automatically com 
pensates for the effect of such alloying elements, whether 
they be present in the melt by chance or whether they 
be added deliberately for special property characteristics. 
When using the preferred carbide values already out 

lined for varying casting sections or degrees of ductility, 
the C. M. F. of the second alloy, addition may be varied 
to give specific "as cast' elongation values according to 
the following table. This table is based on the fact that 
the first step addition mixture has a C. M. F. of at least 
1.05 and is carried to the specified carbide increase value 
required: 

Preferred carbide metastabilizing 
factor, C.M.E. of 
second addition 

“As Cast' elongation range desired 

5-0. 
90-0. 
5-l. 
0-1. 
5-1. 

The full process of this invention in its preferred form 
may be illustrated by a number of examples. 

It was desired to make a casting having a moderate 
"as cast' elongation in the 5-10% range and having a 
centrolling, section of 2'. A cast iron melt was prepared 
having a carbide value, in the "as melted' condition of 
%2. This melt, was treated with a 1/2%. by weight addi 
tion of, a mixture consisting of: 
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sisting of 40%. ferrite and 60%. pearlite. 

8 
Percent 

Calcium silicide -------------------------------80 
Rare earth fluoride. -----------------------------.20, 
and having C. M. F. (carbide metastability factor) of 
1.25. This addition was sufficient to raise the carbide 
value of the melt from the original %2 to a value of 1%2. 
As a second step, the melt was treated with 14% by 

weight addition of a mixture consisting of: 
Percent 

Calcium silicide ------------------------------, 50 
Magnesium silicon ----------------------------- 15 
Calcium fluoride ------------------------------ 25 
Calcium carbide ---------- as a - - - - - r - - - - -- - - - - - - - 10, 

and having.a. C. M. F. (carbide metastability factor) of 
1.05. 

This second step, addition resulted in a carbide value. 
of 1%2 which is an increase of 232 over the carbide value. 
of the bath after, the addition of step one. 
The metal was cast and a test bar was machined from 

a .2' section extension bar cast on the casting. Examina 
tion of this test piece under the microscope showed 85% 
of the graphite in the nodular form and a matrix. con 

The physical 
properties of this test bar were: 
Tensile strength ------------------p. S. i-- 82,000 
Yield strength -------------------p. S. i-- 61,000 
Elongation on 2'--------------- ---%-- 8.5 
Modulus of elasticity.-------------p.s. i. 24,000,000 

The chemical analysis of this test bar was as follows: 
Percent 

Total carbon -------------------------------- 3.30 
Silicon. ---------------------------sur - - - - - - - - 2.70 
Manganese.---------------------------------- 0.45 
Phosphorous ------------------------------- 0.05 
Sulphur ----------------------------------- 0.025 

In a second example of the process of this invention it 
was desired to make a casting of 34' section with a maxi 
mum “as cast' elongation in the 15-20% range. 
A cast iron melt was prepared having a carbide value 

of 2/32 and to this melt 1% by weight of a mixture con 
sisting of: - 

Percent 
Calcium silicide-------------------------------- 75 
Calcium fluoride--------------------------. 5 
Rare earth fluoride----------------------------- 20 
and having a C. M. F. of 1.35. This addition raised the 
carbide value of the metal bath from 232 to 42. 
As a second step addition of 2% by weight, a mixture 

was added. This mixture consisted of: 

Calcium silicide------ 
Barium silicide:------ - - 
Calcium fluoride------------------------------- 25 

and had a C. M.F. of 0.94. 
The second step addition raised the carbide value of 

42, resulting from the first step addition, to 532. 
A casting was poured and a test bar of equivalent sec 

tion was examined. The graphite was found to be 75% 
in the nodular form and the matrix consisted of 85% fer 
rite and 15% pearlite. The "as cast' physical properties 
of the test bar were found to be: 

Tensile strength.------------------p.s. i-- 68,000 
Yield strength--------------------P. S. i-- 48,000 
Elongation on 2'---------------percent-- 16.5 
Modulus of elasticity----- ---------p. S. i-- 23,000,000 
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A chemical analysis conducted on this test bar gave the 

following results: 
Percent 

Total carbon-------------------------------- 3.50 
Silicon ------------------------------------ 2.95 
Manganese --------------------------------- 0.35 
Sulphur ----------------------------------- 0.009 
Phosphorous ------------------------------- 0.04 

In still another example of the process of this invention 
it was desired to cast a 3' section having a predominately 
Estie structure which would give a maximum modulus 
Wale. 

A melt was prepared having a carbide value of 1% and 
to this was added a 14% by weight addition of a mixture 
consisting of: 

Percent 
Calcium silicide-------------------------------- 60 
Rare earth fluoride----------------------------- 20 
Calcium carbide------------------------------- 10 
Magnesium silicon------------------------------ 10 
and having a C. M. F. of 1.55. This addition was suffi. 
cient to raise the original bath carbide value of 1% to a 
new carbide value of 2%2. 
A second step addition of 14% by weight of a mixture 

was then conducted. The mixture consisted of: 
Percent 

Calcium silicide------------------------------- 35 
Lithium silicon-------------------------------- 10 
Calcium carbide------------------------------- 20 
Magnesium silicon----------------------------- 10 
Calcium fluoride------------------------------- 25 
and had a C. M. F. of 1.07. 
The addition was sufficient to result in a final carbide 

value of 22/32. An equivalent section test bar cast from 
this melt was examined and found to have 90% of its 
graphite in the nodular form and the matrix was found 
to consist of 85% pearlite and 15% ferrite. 
The "as cast” physical properties of this test bar were 

found to be: 

Tensile strength.------------------p. S. i-- 93,000 
Yield strength-------------------p. S. i-- 71,000 
Elongation on 2'---------------percent.-- 1. 
Modulus of elasticity-------------p. s. i.-- 25,000,000 
A chemical analysis on this bar gave the following re 

sults: 

Percent 
Total carbon------------------------------- 3.20 
Silicon------------------------------------- 2.40 
Manganese -------------------------------- 0.50 
Molybdenum ------------------------------- 0.30 
Sulphur------------------------------------ 0.020 
Phosphorous-------------------------------- 0.06 

In still another example of the process of this inven 
tion, it was desired to cast a 1' section with free carbides 
present for wear resisting qualities. A melt was prepared 
having a carbide value of 1%2 and to this was added a 
mixture consisting of calcium silicide and rare earth 
fluoride and having a C. M. F. of 1.231. 

This first step addition increased the carbide value to 
'%2. A second step addition consisting of calcium sili 
cide, calcium carbide, rare earth fluoride and calcium 
fluoride and having a C. M. F. of 1.12 was made to give 
a final carbide value of 2%2. The metal was cast and a 
portion cut from the casting was examined under the 
microscope. The free graphite was in nodular form and 
in addition the matrix contained 30% carbides and 70% 
pearlite. 

In the process of this invention the additives may be 
incorporated by any of the means normally used by 
those skilled in the art. It is found that for convenience 
the addition of the first step" may be made as the metal 
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10 
leaves the furnace. For the addition of the second step 
the preferred method is to add the material directly to 
the stream while the metal is being transferred to another 
ladle. This may be done by means of a spout through 
which the metal is passed. The preferred method of 
addition obtains good agitation between the metal and 
the additive. 

Another good method of making the addition of the 
first step or the second step or both, is by using inert 
gas to blow the additive into the metal through a refrac 
tory tube immersed under the surface of the molten bath. 
This method had the advantage of giving intimate con 
tact between the slag of the additive and the molten 
metal bath. 

It may be regarded in carrying out this invention that 
the iron melt has an initial first carbide value to produce 
a cast iron containing some free graphite if cast. The 
first material which is added to the melt increases the 
first carbide value to a second carbide value to produce 
a cast iron containing less free graphite if cast. The 
second material which is added to the melt causes the 
third carbide value to be of a value which is less than 
that which is required to produce a cast iron containing 
substantially no free graphite if cast. 

This invention has been described in its preferred form, 
it being understood that many variations may be resorted 
to in practice that will still come within the scope of this 
invention. 
What is claimed is: 
1. The method of producing cast iron with nodular 

graphite comprising preparing a cast iron melt having 
an initial first carbide value, adding a first material to 
the melt which includes calcium as a carbide metasta 
bilizer to increase the first carbide value to a second 
carbide value, adding a second material to the melt 
which includes magnesium as a carbide metastabilizer 
to produce a third carbide value higher than said second 
carbide value, and thereafter casting the melt. 

2. The method of producing cast iron with nodular 
graphite comprising preparing a cast iron melt having 
an initial first carbide value, adding a first material to 
the melt which includes calcium as a carbide metasta 
bilizer to increase the first carbide value to a second 
carbide value, adding a second material to the melt 
which includes a substance which has a higher calcium 
equivalent than calcium as the carbide metastabilizer 
to produce a third carbide value higher than said second 
value, and thereafter casting the melt. 

3. The method of producing an improved cast iron 
comprising preparing a cast iron melt having an initial 
first carbide value, adding a first material to the melt 
having a first carbide metastability factor value to in 
crease the first carbide value to a second carbide value, 
adding a second material to the melt having a second 
carbide metastability factor value lower than said first 
carbide metastability factor value to produce a third 
carbide value higher than said second carbide value, and 
thereafter casting the melt. 

4. The method of producing an improved cast iron 
comprising preparing a cast iron melt having an initial 
first carbide value, adding to the melt a first material 
consisting of silicides and carbides of alkaline earth mate 
rials and fluorides of rare earth materials to increase 
the first carbide value to a second carbide value, adding 
to the melt a second material consisting of silicides and 
carbides of alkali and alkaline earth materials and fluo 
rides of alkali and alkaline earth materials to produce 
a third carbide value higher than said second carbide 
value, and thereafter casting the melt. 

5. The method of producing an improved cast iron 
comprising preparing a cast iron melt having an initial 
first carbide value, adding a first material to the melt 
having a first carbide metastability factor value to in 
crease the first carbide value to a second value ranging 
from 942 to 462 over that of the first carbide value, 
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adding, a second material to the melt having a second 
carbide. metastability factor value, lower than said first 
carbide metastability factor value to produce a third 
carbide. value which lies in a range having a minimum 
value not less than the second carbide value and having 
an upper limit not greater than % more than the sec 
ond carbide value, and thereafter casting the melt. 

6. The method of producing cast iron with nodular 
graphite comprising preparing a cast iron melt having 
an initial first carbide value, adding to this melt a first 
mixture having a first carbide metastability factor value 
and consisting of silicides and carbides of alkaline earth 
materials and fluorides or rare earth materials to in 
crease the first carbide value to a second carbide value, 
adding to this melt a second mixture having a second 
carbide metastability factor value which is less than said 
first carbide metastability factor value, and consisting 
of silicides and carbides of alkali and alkaline earth 
materials and fluorides of alkali and alkaline earth mate 
rials. to produce a third carbide value greater than said 
second carbide value, and thereafter casting the melt. 

7. The method of producing a cast iron having pre 
selected elongation ranges comprising preparing a cast 
iron melt having a first carbide wedge value, adding to 
this melt a first mixture, having a carbide metastability 
factor value of at least 1.05 and consisting of silicides 
and carbides of alkaline earth materials, and fluorides 
of rare earth materials to increase the carbide wedge 
value to a second value ranging from 232 to 432 over 
that of the first carbide wedge value, adding a second 
mixture consisting of silicides and carbides of alkali and 
alkaline earth materials and fluorides of alkali and alka 
line earth materials to produce a third carbide, wedge 
value which lies, in a range having a minimum value 
not less than the second carbide wedge value and having 
an upper limit not greater than %2 more than the sec 
ond carbide wedge value, said second mixture having 
a carbide metastability factor value in the range of 0.85 
to 0.90 to give an elongation above 30%, 0.90 to 0.95 
to give an elongation range from 15 to 20%, 0.95 to 
1.00 to give an elongation range from 10 to 15%, 1.00 
to 1.05 to give an elongation range from 5 to 10%, and 
1.05 to 1.25 to give an elongation range from 1 to 5%, 
and thereafter casting the melt. 

8. The method of producing a cast iron having pre 
Selected physical properties comprising preparing a cast 
iron melt having a first carbide wedge value in the 
range of from 42 to 382 for maximum “as cast elon 
gation, from 5%2 to %2 for moderate “as cast' elonga 
tion, from 5% to $$e for maximum “as cast” modulus 
values, and from 1%2 to .1%2 for free carbides, adding 
to this melt a first mixture consisting of silicides and 
carbides of alkaline earth materials and fluorides, or 
rare earth materials to increase the carbide wedge value 
to a second value in the range of from 342 to 742 for. 
maximum "as cast” elongation, 542 to %2 for moderate 
"as cast' elongation, %g to 1% for maximum “as cast 
modulus values, 1% to 2% for free carbides, adding 
a second mixture consisting of silicides and carbides of 
alkali and alkaline earth materials, and fluorides of 
alkali and alkaline earth materials to produce a third 
carbide wedge value in the range of from 342 to 942 for 
maximum “as cast' elongation, from 542 to 142 for mod 
erate "as cast' elongation, from 742 to 1%2 for maximum 
"as cast" modulus values, and from $42 to 2%2 for, free. 
carbides, and thereafter casting the melt. 

9. The method of producing cast iron with nodular 
graphite comprising adding. Successively a first and a 
second addition to a molten bath of pre-selected first. 
carbide value, each of said additions comprising fluorides 
and a carbon-silicon compound, said fluorides and said, 
compound both being, selected from the group consisting 
of calcium, magnesium, barium, lithium, zirconium, 
strontium, Sodium, potassium, and rare earths and said 
additions, being added in amount sufficient to produce a, 
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third final carbide value lying in the range of from one 
to thirty-six percent over that of said first carbide value, 
and said first addition being added in amount to give a 
second carbide value which is greater than the first carbide 
value and less than, the...third final carbide value. 

10. The method of producing cast iron with nodular 
graphite, comprising. adding. Successively. a plurality of 
additions to...a... molten, bath of preselected first carbide 
value, each of said additions including fluorides, carbon 
and silicon compounds, said compounds being selected 
from the group consisting, of alkali metals, alkaline earths. 
and rare earths, said additions being added in amount suf 
ficient to produce a third carbide value lying in the range. 
of from one to thirty-six percent over that of said first 
carbide value, and said first addition being added in 
amount to give a second carbide value which is greater 
than the first carbide value and less than the third carbide 
value: 

11. The method of producing cast iron with nodular 
graphite comprising. adding, successively a plurality of 
additions to... a. molten. bath of preselected first carbide 
value, each, of...said additions including a graphite affect 
ing, agent to change the physical shape of the graphite, in 
the finished casting, each said; additions being added in 

5 amount sufficient to produce a third carbide value lying 
in the range of from one to thirty-six percent over that 
of said first carbide value, and said first addition being 
added in amount to give a second carbide value which is 
greater than the first carbide value and less than the third 
carbide value. 

12. The method of producing cast iron with nodular 
graphite. comprising adding successively a plurality of 
additions, to a molten bath of preselected first carbide 
value, each of said additions including a combined car 
bide metastabilizing and graphitizing agent, each said 
additions being added in amount sufficient to produce a 
third carbide value. lying in the range of from one to 
thirty-six percent over that of said first carbide value, 
and said first addition being added in amount to give a 
Second carbide value which is greater than the first car. 
bide value and less than the third carbide value. 

13. The method of securing pre-selected "as cast' duc 
tility in cast irons of nodular graphite comprising the 
steps of melting a bath of a preselected first carbide value, 
adding to this bath, a first addition of calcium silicide 
and rare earth fluoride so as to increase the carbide value 
of the bath by 332 to $3.2 as measured by a wedge test to 
a second carbide value, then adding to the bath a second 
addition selected from the group consisting of alkaline 
earth silicides, alkaline earth fluorides and alkali metal 
fluorides to produce a third carbide value which is greater 
than said second carbide value, said second addition being 
compounded to have a lower carbide metastabilizing 
power than said first addition, and thereafter casting the 
bath. 

14. The method of securing pre-selected "as cast" duc 
tility in cast irons of nodular graphite comprising the 
Steps of melting a bath of pre-selected first carbide value, 
adding successively to this bath first and second additions, 
Said additions comprising: fluoride, carbon, and silicon 
compounds, selected from the group consisting of alkali 
metals, alkaline, earths; and rare earths, said first addition 
increasing the carbide value. of the bath by % to %2 as 
measured by a Wedge, test to a second carbide value, addi. 
tion of said second addition producing a third carbide 
value, which is...greater than said second carbide value, 
said second addition being compounded to have a lower 
carbide metastabilizing power than said first addition, and 
thereafter casting the bath. 

15. The method of securing pre-selected "as cast' duc 
tility in cast irons of nodular graphite comprising the 
steps of melting a bath of pre-selected first carbide value. 
adding succ iyely to this bath first and second additions, 

s, comprising fluoride, carbon, and silicon 
elected from the group consisting of alkali compounds 
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metals, alkaline earths and rare earths, said first addition 
increasing the carbide value of the bath by %2 to 42 over 
the first carbide value as measured by a wedge test to a 
second carbide value, addition of said second addition 
producing a third carbide value which is greater than 
said second carbide value. 

16. The method of securing pre-selected "as cast' duc 
tility in cast irons of nodular graphite comprising the 
steps of melting a bath of pre-selected first carbide value, 
adding successively to this bath first and second additions, 
said additions comprising fluoride, carbon, and silicon 
compounds selected from the group consisting of calcium, 
magnesium, barium, lithium, zirconium, strontium, so 
dium, potassium and rare earths, said first addition in 
creasing the carbide value of the bath by %2 to 9%2 over 
the first carbide value as measured by a wedge test to a 
second carbide value, addition of said second addition 
producing a third carbide value which is greater than 
said second carbide value. 

17. The method of securing pre-selected "as cast' duc- 20 
tility in cast irons of nodular graphite comprising the 
steps of melting a bath of pre-selected first carbide value, 
adding successively to this bath first and second additions, 
each of said additions including a graphite affecting agent 
to change the physical shape of the graphite in the finished 
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casting, said first addition increasing the carbide value 
of the bath by %2 to 432 over the first carbide value as 
measured by a wedge test to a second carbide value, addi 
tion of said second addition producing a third carbide 
value which is greater than said second carbide value. 

18. The method of securing pre-selected "as cast' duc 
tility in cast irons of nodular graphite comprising the 
steps of melting a bath of pre-selected first carbide value, 
adding successively to this bath first and second additions, 
each of said additions including a combined carbide meta 
stabilizing and graphitizing agent, said first addition in 
creasing the carbide value of the bath by %2 to 42 over 
the first carbide value as measured by a wedge test to a 
second carbide value, addition of said second addition 
producing a third carbide value which is greater than said 
Second carbide value. 
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