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Claims. 

The present invention relates to a novel mal 
leable cast iron product having an improved com 
bination of properties and to a process for mak 
ing the Same wherein the annealing time re 
quired to produce the novel product is greatly 
reduced. 

It is well known that malleable irons have al 
Ways been Subject to severe practical limitations 
relating to useful ranges of composition, section 
size, and the combinations of mechanical, physi 
cal and chemical properties which could be pro 
duced therein. For example, it has been a dif 
ficult problem to control the size, density and dis 
tribution of the graphite nodules formed in the 
malleable iron during the heat treatment of a 
White cast iron to produce the same. It has been 
essential that the castings employed to make high 
quality malleable iron be completely white in the 
as-cast condition as otherwise poor ductility was 
obtained during the Subsequent heat treatment. 
Furthermore, the section size of castings from 
which high quality malleable iron could be made 
by the prior art was limited to a practical max 
imum of about two inches. In addition, the prior 
methods for producing American malleable iron 
have been time-consuming and expensive; for ex 
ample, total heat treating times of about 30 to 
about 150 hours have been required to produce 
American or "black-heart' malleable iron, and 

is very desirable that this heat treating time 
be reduced very materially. 
Although many attempts have been made to 

overcome the foregoing and other disadvantages 
and shortcomings, none as far as we are aware 
Was entirely successful when carried into prac 
tice on an industrial Scale. 

It has now been discovered that the uncom 
bined carbon or graphite produced in malleable 
iron during the heat treatment of a white cast 
iron to decompose the combined carbon forms 
contained therein can be made to appear con 
sistently and reproducibly in the form of dis 
persed, dense spheroidal particles. 

It is an object of the present invention to pro 
Wide a novel malleable cast iron having a new 
combination of properties and containing un 
combined carbon or graphite in a dense spheroi 
dal form. - 

It is a further object of the invention to pro 
vide a novel maleable cast iron which can be 
made in heavier Sectioned castings than have 
been generally available heretofore. 
Another object of the invention is to provide 

a novel malleable cast iron having improved cor 
rosion resistance. 
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The invention also contemplates providing an 
improved method for producing a new malleable 
cast iron wherein the annealing time required is 
markedly reduced as compared to the annealing 
time required in producing conventional mal 
leable iron. 
Other objects and advantages will become ap 

parent from the following description taken in 
conjunction with the accompanying drawings in 
which: 

Figure l is a reproduction of a photomicro 
graph taken at a magnification of 1000 diameters 
and showing in a polished and etched section of 
a pearlitic malleable cast iron product produced 
in accordance with the invention the spheroidal 
form of uncombined carbon or graphite obtained 
therein; 

Fig. 2 is a reproduction of a photomicrograph 
taken at a magnification of 500 diameters and 
showing, in a polished section of a representative 
alloy, the flake-aggregate type of graphite ob 
tained in conventional American or "black 
heart' malleable iron; 

Fig. 3 is a reproduction of a photomicrograph 
taken at a magnification of 250 diameters and 
showing in a polished and etched section of a 
ferritic malleable cast iron product produced in 
accordance with the invention the spheroids of 
uncombined carbon or graphite obtained therein; 

Figs. 4 and 5 are reproductions of photomicro 
graphs taken at magnifications of 100 diameters 
and 250 diameters, respectively, and showing the 
unetched and etched structure, respectively, of a 
white cast iron composition in the as-cast con 
dition and containing a special element in an 
amount Contemplated by the present invention; 

FigS. 6 and 7 are reproductions of photomicro 
graphs taken at magnifications of 100 diameters 
and 250 diameters, respectively, and showing the 
unetched and etched structures, respectively, of 

- the same white cast iron composition, containing 

50 

the Special element, depicted in Figs. 4 and 5, 
after a 10-hour treatment at a high tempera 
ture; 

FigS. 8 and 9 are reproductions of photomicro 
graphs taken at magnifications of 100 diameters 
and 250 diameters, respectively, and showing the 
unetched and etched structures, respectively, of 
the white cast iron composition illustrated in the 
two preceding photomicrographs but devoid of 
the special element employed in obtaining the 
results of the present invention; and 

Figs. 10 and 11 are reproductions of photo 
micrographs taken at magnifications of 100 diam 
eters and 250 diameters, respectively, and show 
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ing the unetched and etched structures, respec 
tively, of the same white cast iron composition 
depicted in Figs. 8 and 9 after the same 10-hour 
treatment as given to the cast iron of Figs. 6 
and 7. 

Generally speaking, the present invention con 
templates a special malleable cast iron composi 
tion characterized by dense, well-distributed 
spheroidal graphite particles and containing re 
tained magnesium in critical amounts ranging 
from a small but effective amount, e. g., 0.03%, 
0.035%, 0.04%, etc., to about 0.4% or 0.5%. 
Preferably, the retained magnesium does not ex 
ceed 0.3% and, more preferably, does not ex 
ceed 0.2%. The special malleable iron composi 
tions contemplated by the invention contain, be 
sides the aforementioned amounts of magnesium, 
about 1.8% to about 3.5% or 4% carbon, about 
0.4% to about 4% silicon, up to about 3.5% 
nickel, up to about 2% copper, up to about 2% 
manganese, and the balance essentially iron. In 
general, the iron content Will be at least 87% Or 
85% of the composition. The iron in the cont 
position will be in the alpha form at atmospheric 
temperature. 
The special process contemplated by the in 

vention essentially comprises treating at ele 
vated temperatures special white cast iron cast 
ings containing the aforesaid amounts of mag 
nesium and alloying elements, and containing 
more than half of the excess carbon not required 
to form the matrix structure as combined car 
bon, to decompose the combined carbon Con 
tained therein and to obtain a product contain 
ing uncombined carbon. The uncombined car 
bon produced in the castings by the heat treat 
ment contemplated by the invention appears in 
the form of well-distributed Spheroidal particles 
usually having a radiating and polycrystalline 
appearance. Figure 1 shows the representative 
radiating or radial structure of the Spheroidal 
particles produced according to the treatment 
contemplated by the invention. The dense 
spheroidal form of uncombined carbon or graph 
ite obtained in the special product provided by 
the invention is distinguished from the irregular 
and fluffy-appearing form of uncombined car 
bon or graphite found in American or "black 
heart' malleable iron, which form is an aggre 
gate of fine flake graphite. The flake-aggre 
gate form of uncombined carbon which char 
acterizes American malleable iron is illustrated 
by Figure 2. : Figures 6 and 3 show the well 
distributed occurrence of the dense spheroidal 
particles of uncombined carbon or graphite pro 
duced in accordance with the invention. The 
dense, well-distributed, fine graphite or uncon 
bined carbon particles which characterize the 
product provided by the present invention con 
tribute importantly to the improved combina 
tion of properties, including strength and ductil 
ity, possessd by the Said product as compared to 
the properties possessed by ordinary malleable 
cast irons. 
The cast iron compositions employed in the 

present invention are not restricted to those hav 
ing low graphitizing power, i. e., to white iron 
base compositions, as was the case in the produc 
tion of prior art malleable iron. On the con 
trary, the magnesium-containing white cast iron 
compositions contemplated by the present in 
vention beneficially contain large amounts of 
the powerful graphitizing elements carbon and 
silicon, as such compositions have improved mal 
leabilization rates and other improved proper 
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4. 
ties as compared to prior art malleable irons. 
Those compositions contemplated by the inven 
tion and containing large amounts of graphitiz 
ing elements are rendered white in the as-cast 
condition due to the powerful whitening effect 
exerted by magnesium retained in cast iron con 
positions. A feature of the present invention is 
that white cast irons having base compositions 
which would be gray cast irons in the as-cast 
condition when cast without retained magne 
sium can be treated to obtain very satisfactory 
malleable iron products containing spheroidal 
graphite. Cast iron compositions containing 
Such large amounts of graphitizing elements that 
they would normally be gray cast irons in the 
as-cast condition in Sections of three-eighths 
inch in thickness or greater when cast without 
retained magnesium have compositions within 
the ranges Set forth hereinbefore and have the 
silicon content SO related to the carbon content 
that the Sun of the percentage of silicon divided 
by 3.1 plus the percentage of carbon divided by 
4.5 exceeds 1.00. The compositions containing 
large amounts of graphitizing elements to which 
the invention is applicable include high- silicon 
compositions containing Cver 1.5% and up to 
4% silicon, e. g., 1.75% to 2.6 silicon. Castings 
cast with high graphitizing power, e. g., castings 
containing the larger amounts of graphitizing 
elements set forth hereinbefore and/or castings 
cast in large Section Such as castings heavier 
than about 2 inches in section, preferably con 
tain about 0.04% or more magnesium, more 
preferably at least 0.05% magnesium, to insure 
that such castings are white cast iron castings 
in the as-cast condition. A generally satisfac 
tory retained magnesium range in such castings 
is about 0.06% to about 0.1% or about 0.15% magnesium. 
- A feature of an embodiment of the invention 
is that it provides malleable iron castings which 
contain larger amounts of graphitizing alloying 
elements such as nickel, copper, etc., and/or 
larger amounts of the graphitizing elements car 
bon and silicon, than it has been possible to em 
ploy in conventional malleable irons. The ability 
to employ the larger amounts of these elements 
enables the use of these elements to obtain im 
proved malleabilization rates, improved strength, 
improved corrosion resistance, and other im 
proved properties or combinations of properties. 
Silicon in amounts Over 1.5% has a beneficial ef 
fect on the properties and for this purpose can be 
employed as an alloying clement either alone or 
in combination with nickel, copper, and other ap 
propriate graphitizing elements. For example, 
Satisfactory results can be obtained by using sili 
-Con from about 1.5% to about 3%, nickel from 
about 0.1% to about 3.5% and/or copper from 
about 0.05% to about 2%. Other features de 
rived from the larger amounts of carbon and 
silicon that can be present are that better 
fluidity and castability are obtained in the mol 
ten state and that the base irons can be pro 
duced from a greater variety of raw materials 
and with less need for close control over the 
carbon and silicon contents. 

It has been found that compositions having 
low manganese contents, i. e., manganese con 
tents less than about 0.3%, e. g., about 0.1% to 
less than about 0.15% or 0.2%, are character 
ized by a more rapid malleabilization rate as 
compared to similar compositions containing 
greater amounts of manganese than 0.3%, e. g., 
about 0.5% manganese or more. Preferred low 
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manganese compositions which are character 
ized by improved malleabilization rates and by 
particularly beneficial combinations of mechan 
ical and physical properties, including strength 
and ductility, are those containing about 0.05% 
to about 0.20% manganese, about 2.5% to about 
3.5% carbon, about 0.4% to about 2.6% silicon, 
about 0.04% or 0.05% to about 0.1% or 0.15% 
magnesium, and the balance eSSentially iron. 
The combined carbon content in malleable 

iron castings produced according to the inven 
tion and having a predominantly ferritic matrix 
is usually low, e. g., below about 0.2% or 0.1%, 
although the combined carbon content in cast 
ings having a predominantly pearlitic matrix is 
higher, e. g., about 0.5% to about 0.8% or about 
1%. In the preferred products produced in ac 
cordance with the invention, a Substantial or 
major portion or preferably nearly all of the 
uncombined carbon or graphite occurs in a 
spheroidal form although beneficial results are 
still obtained when a relatively minor portion 
of the graphite occurs in a spheroidal form. 
The heat treatment employed in producing 

the malleable cast iron castings contemplated by 
the invention and having an essentially ferritic 
matrix comprises treating a white cast iron cast 
ing containing the aforesaid required amounts 
of magnesium and combined carbon at tempera 
tures between about 1550 F. and about 1750 F. 
or 1800° F., e. g., about 1650 F. to about 1700 
F., for short time periods on the order of a frac 
tion of an hour or more, e. g., 5 to about 15 or 
about 25 hours, followed by a treatment at a 
temperature within about 75 F. below the alpha 
gamma transformation temperature for the com 
position being treated, e. g., about 1275 F. to 
about 1310° F. for short periods of time of the 
order of a fraction of an hour or more, e. g., 
about 2 to about 5 or about 15 hours. When a 
product having an essentially pearlitic matrix 
is desired, the treatment, at the lower tempera 
ture is omitted. Of course, many combinations 
and variations of the foregoing heat treatment 
to obtain a pearlite matrix, a ferrite matrix, a 
ferrite-pearlite matrix or other matrix such as 
a matrix containing bainite, etc., are within the 
contemplation of the invention. For example, 
very satisfactory properties are obtained by the 
heat treatment of a White cast iron casting ac 
cording to the invention at temperatures of about 
1700° F. for time periods of about 5 to 10 hours 
followed by furnace cooling or pit cooling to tem 
peratures below the critical range. Likewise, the 
castings may be held at temperature for longer 
periods of time but usually such longer treating 
times are not necessary to obtain satisfactory 
results. 
In the manufacture of the white cast iron 

castings required to produce the special malle 
able iron products provided by the invention, it 
is not Sufficient merely to add magnesium to the 
cast iron melt to obtain the new results provided 
by the invention. Magnesium in the critical 
amounts required by the invention must be in 
corporated and retained in the melt and in the 
castings made therefrom. It has been found 
that castings containing less than the critical 
amounts required by the invention yield only 
flake forms of graphite upon heat treatment 
whereas castings containing the critical amounts 
of retained magnesium required by the inven 
tion will yield the spheroidal form of graphite 
on heat treatment. A magnesium-free white 
iron casting containing about 2.8% carbon, about 

6 
0.8% silicon, and about 1% nickel and a similar 
casting containing, in addition, about 0.016% re 
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tained magnesium had, after a malleabilizing 
treatment at 1700° F., the graphite present in 
the form of aggregates of flake similar to those 
found in conventional "black-heart' malleable 
iron. In contradistinction, a similar casting 
containing about 0.07% retained magnesium had 
the graphite in the form of Spheroids after re 
ceiving the same malleabilizing heat treatment. 
It has also been observed in certain tests that 
Small quantities of retained magnesium, less than 
those required by the present invention, some 
times have a graphitizing effect on the cast 
ing in the as-cast condition as compared to the 
larger amounts of retained magnesium required 
by the present invention which always have a 
whitening effect on the casting. 
White cast iron castings contemplated by the 

present invention may be produced by a process 
which comprises establishing a cast iron bath 
containing the amounts of carbon, silicon, alloy 
ing elements, etc., set forth hereinbefore, incor 
porating and retaining at least a Small but effec 
tive amount up to about 0.3% or 0.4% or 0.5% 
magnesium in Said bath and casting the metal 
from said bath to obtain white cast iron castings 
containing at least a small but effective amount 
up to about 0.3% or 0.4% or 0.5% magnesium. 
Metallic magnesium may be added to the cast 
iron bath to obtain the retained magnesium 
contents in the bath that are required by the 
present invention provided due caution is ob 
Served. However, it is preferred to add mag 
nesium in the form of an alloy, e. g., with such 
metals as nickel and/or copper. Nickel-mag 
nesium alloys containing about 4% to about 20% 
magnesium, balance essentially nickel, and 
nickel-magnesium-carbon alloys containing 
about 12% to about 15% magnesium, about 1.3% 
to about 2.5% carbon, balance essentially nickel, 
have given Satisfactory results. Retained mag 
nesium present in white cast irons produced in 
accordance with the invention, while having a 
carbide stabilizing effect during the cooling of a 
cast iron composition from temperatures above 
the melting point of the cast iron, itself promotes 
the decomposition of combined carbon contained 
in the cast iron casting during a subsequent 
heat treatment operation. In many composi 
tions, the heat treating time required to produce 
a malleable iron from a white cast iron in ac 
Cordance with the invention is reduced 50% to 
75% or much more, while at the same time, very 
Satisfactory properties are produced in the heat 
treated products. Thus, total treating times of 
about 10 to about 30 hours have given very satis 
factory results. 
The malleable iron products provided in ac 

cordance with the invention having the pre 
ferred compositions described hereinbefore will 
usually have properties within the following 
ranges when the matrix is substantially fully fer 
ritic and the phosphorus content is low: 
Yield strength, 30,000-55,000 p.s. i. 
Tensile strength, 50,000-75,000 p.s. i. 
Elongation, 10-20% 

70 

Hardness, 150-180 BHN 
As those skilled in the art will appreciate, 

many other combinations of properties are pro 
duced in the products contemplated by the inven 
tion by heat treatments to obtain matrices other 
than ferritic matrices, e. g., pearlitic matrices, 

75 etc. A feature of the invention is that a wider 
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variety of mechanical properties can be obtained 
than was obtainable in conventional malleable 
iron. 

It has been found that magnesium has, by it 
self, a very powerful desulfurizing effect in cast 
iron, and this effect operates very strongly in 
cast iron melts even when such melts are under 
the influence of an acidic environment, such as 
that produced by an acid-lined ladle or other 
container. Accordingly, the malleable cast iron 
products provided by the invention are low in 
sulfur, e.g., the sulfur content is usually less than 
about 0.02%. In many compositions, the Sulfur 
content is about 0.01% to about 0.015%. In ad 
dition to Sulfur and other elements set forth 
hereinbefore, the malleable cast iron products 
provided by the invention may contain impuri 
ties and incidental elements in amounts usually 
found in cast iron. Thus, the novel product con 
tains phosphorus in amounts up to about 0.2%, 
e. g., 0.05% to about 0.12%. Phosphorus detri 
mentally affects the ductility of the novel prod 
uct and is preferably maintained at a low level, 
e. g., below about 0.12%, although phosphorus 
does not interfere with the formation of uncom 
bined carbon in the spheroidal form during the 
heat treatment of a special white cast iron as 
contemplated by the invention. It has been 
found that certain other elements not usually 
found in cast iron are subversive and should be 
avoided. These subversive elements include tin, 
lead, arsenic, bismuth, antimony, tellurium, etc., 
and these elements should not be present in 
amounts exceeding a total of about 0.1%. Tin 
is particularly detrimental and should not be 
present in amounts exceeding about 0.05%. 
Carbide stabilizing or whitening elements such 
as chronium, etc., should be avoided or should 
be present in small amounts, e.g., the chromium 
content preferably should not exceed about 0.1% 
or about 0.15%, etc. As is well known, carbide 
stabilizing elements such as chromium, etc., in 
terfere with the decomposition of carbides dur 
ing heat treatment and increase the heat treat 
ing time. 

For the purpose of giving those skilled in the 
art a better understanding of the invention, the 
following illustrative examples are given: 

Eacample 1 
A molten cast iron bath containing about 3% 

carbon, about 0.4% silicon, about 0.014% phos 
phorus, about 0.07% manganese and about 0.04% 
sulfur was established. One portion of the 
cast iron bath was treated with magnesium, as a 
nickel-magnesium alloy containing about 87% 
nickel and about 13% magnesium, and was cast 
without inoculation into a hard white cast iron 
bar which contained about 0.06% retained mag 
nesium and which was substantially devoid of 
uncombined carbon. Another portion of the 
aforesaid bath was cast without a magnesium 
addition into a hard white cast iron bar. The 
representative microstructures of the mag 
nesium-containing casting as-cast and after 
malleabilization, are shown in Figs. 4 to 7 and 
the corresponding microstructures for the mag 
nesium-free casting are shown in Figs. 8 to 11, 
respectively. The representative as-cast micro 
structure of the magnesium-containing bar is 

O 
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8 
irons was subjected to a heat treatment for about 
10 hours at about 1700' F. and air cooled. The 
representative microstructure of the magnesium 
containing bar after the aforesaid heat treat 
ment is shown in the unetched and etched con 
ditions in Figs. 6 and 7, respectively, and the cor 
responding unetched and etched microstructures 
of the magnesium-free bar after the aforesaid 
heat treatment are shown in Figs. 10 and 11, re 
Spectively. The uncombined carbon in the heat 
treated magnesium-containing bar appeared in 
the form of dense spheroids dispersed in a 
pearlite matrix. Substantially all the massive 
carbides originally present in the magnesium 
containing bar were decomposed by the aforesaid 
heat treatment to uncombined carbon which ap 
peared in a spheroidal form after said treat 
ment and the heat treated magnesium-con 
taining bar was essentially pearlitic malleable 
iron, e. g., the hardness was about 279 Brinell. 
The Small amount of uncombined carbon in the 
heat treated magnesium-free bar, on the other 
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shown in the unetched and etched conditions in 
Figs. 4 and 5, respectively, and the correspond 
ing unetched and etched structures of the mag 
nesium-free bar are shown in Figs. 8 and 9, re 
spectively. Each of the aforesaid white cast s 

hand, appeared in the form of irregular, fluffy 
appearing aggregates of flake graphite dispersed 
in a matrix of pearlite and carbides. Only a 
minor portion of the massive carbides originally 
present in the magnesium-free bar was decom 
posed to uncombined carbon in the fluffy-ap 
pearing flake-aggregate form during the afore 
Said heat treatment, and the heat treated mag 
nesium-free bar was essentially white cast iron, 
e. g., the hardneSS was about 393 Brinell. 
Although the aforementioned heat treated 

magnesium-containing bar had a microstructure 
containing a pearlite matrix, other matrix struc 
tures, e. g., pearlite-ferrite matrices, ferrite 
matrices, etc., are obtained by varying the heat 
treatment as indicated hereinbefore. Thus, slow 
cooling, e. g., furnace cooling, from the high heat 
treating temperature provides a matrix of pearl 
ite and ferrite, while an additional treatment 
(after the high temperature treatment) con 
ducted at a temperature within about 75 F. be 
low the gamma-alpha transformation tempera 
ture provides a ferrite matrix. An example of a 
ferritic malleable iron within the invention was 
shown in Fig. 3. 

Eacample 2 

A cast iron melt containing about 2.4% carbon, 
about 0.65% silicon, about 0.24% manganese, and 
about 0.03% sulfur was established. One portion 
of the melt was cast without further treatment 
to obtain a white cast iron which had a hardness 
of 387 Brinell. To a separate portion of the melt, 
sufficient magnesium was added to provide a re 
tained magnesium content of about 0.05% in a 
casting made therefrom, and this portion was cast 
in a similar manner. The magnesium-treated 
white iron casting had a hardness of about 428 
Brinell. The two castings were then subjected 
to a heat treatment comprising heating at about 
1750 F. for 5 hours, furnace cooling to about 
1275 F, and heating at about 1275 F. for about 
5 hours followed by air cooling to atmospheric 
temperatures to obtain a ferritic product. After 
the aforesaid heat treatment, the magnesium-free 
casting had a hardness of about 207 Brinell and 
had the graphite in the flake-aggregate form. 
The magnesium-containing casting after the same 
heat treatment had a lower hardness of about 
157 Brinell with a tensile strength of about 63,000 
pounds per square inch and was a ferritic mal 
leable iron having graphite in the spheroidal 
form, 
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Eacample 3 

In a similar manner, a cast iron melt contain 
ing about 3.2% carbon, about 0.7% silicon, about 
0.18% manganese, and about 0.03% sulfur was 
established and two white cast iron castings were 
made, one of which was devoid of magnesium and 
the other of which contained about 0.05% mag 
nesium. The magnesium-free casting had a 
hardness of about 444 Brinell while the mag 
nesium-containing casting had a hardness of 
about 467 Brinell. After a heat treatment similar 
to the one set forth in Example 2, the magnesium 
free casting had a hardness of about 170 Brinell 
with graphite in the flake-aggregate form and the 
magnesium-containing casting had a hardness 
of about 149 Brinell with graphite in the 
spheroidal form. 

Eacample 4 

A cast iron melt containing about 3.2% carbon, 
about 1.4% silicon, about 0.2% manganese and 
about 0.03% sulfur was established and a white 
cast iron casting containing about 0.07% retained 
magnesium and about 1.4% nickel was produced 
therefrom. The as-cast hardness of said casting 
was about 450 Brinell. After a heat treatment 
similar to the one set forth in Example 2, the 
aforesaid magnesium-containing casting had a 
hardness of about 144 Brinell and was a ferritic 
malleable iron containing graphite in the sphe 
roidal form. 
The powerful whitening effect of magnesium 

referred to hereinbefore insures a uniform white 
cast iron structure throughout castings having 
heavy sections, e. g., sections greater than about 
2 inches, and throughout castings containing 
larger amounts of graphitizing elements, e. g., 
silicon and graphitizing alloying elements, than 
could be employed heretofore in the production of 
malleable iron. It has been found that even when 
some graphite is present in magnesium-contain 
ing white cast irons produced in accordance with 
the invention, this graphite is in the spheroidal 
form and does not detrimentally affect the prop 
erties of the heat treated casting and, in fact, is 
beneficial. This feature enables the use of inocu 
lation as well as highly graphitizing compositions 
in the production of the initial white casting 
to be malleabilized. 
The magnesium-containing malleable iron 

product is characterized by improved combina 
tions of strength and ductility and by improved 
corrosion resistance as compared to prior art mal 
leable irons which were restricted to low alloy 
contents. 
The improved combination of properties pro 

vided by the products embodying the present in 
wention make the product particularly useful in 
applications such as castings for agricultural im 
plements, automotive and railroadcastings, hard 
ware, etc. 

It is recognized that magnesium determinations 
of the order involved herein are difficult to make, 
and the values given herein are based upon 
analyses by a chemical wet method and are re 
producible within about 0.005%. As the skilled 
analytical chemist will understand, the wet 
method for obtaining the correct values of re 
tained magnesium in an iron-base composition 
must take into account the elements associated 
with magnesium in the product, for example, iron, 
phosphorus and other elements which may affect 
the values obtained for magnesium. 
Although the present invention has been de 
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10 
ments, it is to be understood that modifications 
and variations may be resorted to without depart 
ing from the Spirit and Scope of the invention as 
those skilled in the art will readily understand. 
Such modifications and variations are considered 
to be within the purview and scope of the inven 
tion and of the appended claims, 
We claim: 
1. In the process for producing malleable iron 

having improved properties, the improvement 
which comprises subjecting a white cast iron cast 
ing containing about 2.5% to about 3.5% carbon, 
about 0.4% to about 2.6% silicon, up to 0.3% 
manganese, about 0.05% to about 0.2% magnesi 
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un, less than about 0.02% sulfur, and the balance 
essentially iron, with the iron being in the alpha 
form at atmospheric temperatures, to a mallea 
bilizing heat treatment comprising heating said 
casting at a temperature of about 1550°F. to about 
1800. F. to decompose massive carbides to un 
combined carbon whereby graphite in a spheroi 
dal form is produced through the effect of mag 
nesium in the thus-treated casting. 

2. In the process for producing malleable iron 
having improved properties, the improvement 
which comprises subjecting a magnesium-con 
taining white cast iron casting containing iron in 
the alpha form at atmospheric temperatures hav 
ing such a carbon and silicon content that with 
out magnesium it would be a gray cast iron and 
containing about 0.06% to about 0.2% mag 
nesium Such that the casting is a white iron cast 
ing when cast, containing not more than about 
0.02% sulfur, with the balance essentially iron, 
to a malleabilizing heat treatment comprising 
heating Said casting at a temperature of about 
1550° to about 1800° F. and thereafter heating 
Said casting at a temperature within about 75° F. 
below the alpha-gamma transformation tem 
perature whereby carbides contained in said cast 
ing are decomposed to graphite predominantly in 
a spheroidal form through the effect to said mag 
nesium contained in said casting. 

3. In the process for producing malleable iron 
having improved properties, the improvement 
which comprises subjecting a white cast iron cast 
ing containing about 1.8% to about 3.5% carbon, 
about 0.4% to about 4% silicon, up to about 3.5% 
nickel, up to about 2% copper, up to about 2% 
manganese, about 0.03% to about 0.5% magne 
sium, not more than about 0.02% sulfur, the bal 
ance essentially iron to a malleabilizing heat 
treatment comprising heating said casting at a 
temperature of about 1550 to 1800 F. to decom 
pose combined carbon contained therein, whereby 
graphite in a spheroidal form is produced 
through the effect of magnesium in the thus 
treated Casting. 

4. In the process for producing malleable iron 
having improved properties, the improvement 
which comprises subjecting a magnesium-con 
taining white cast iron casting having iron in the 
alpha form at atmospheric temperatures and 
having such a carbon and silicon content that 
without magnesium it would be a gray cast iron, 
containing about 0.04% to about 0.3% magne 
sium to obstruct the formation of Substantial 
amounts of flake graphite during Solidification of 
said casting, and containing less than about 
0.02% sulfur, with the balance of the composition 
being essentially iron, to a malleabilizing heat 
treatment comprising heating said casting at a 
temperature of about 1550 to 1800 F. whereby 
graphite in a spheroidal form is produced 

scribed in conjunction with preferred embodi- s through the effect of said magnesium in the cast 
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ing as compared to the flake-aggregate form of 
graphite occurring in a comparable magnesium 
free maleable iron. 

5. A malleable iron containing about 1.8% to 
about 4% carbon, about 0.4% to about 4% sili 
con, a small but effective amount up to about 
0.4% magnesium, less than about 0.02% sulfur, 
up to about 3.5% nickel, up to about 2% Copper, 
up to about 2% manganese, with the bal 
ance essentially iron, said malleable iron hav 
ing the iron present in the alpha form at at 
mospheric temperatures and being character 
ized by improved properties and by a microstruc 
ture containing uncombined carbon in a Substan 
tially spheroidal form effected by the presence of 
said amounts of magnesium after a malleabiliz 
ing heat treatment conducted upon a cast iron 
casting containing said amounts of magnesium 
and which initially contained more than half the 
excess carbon not required to form the matrix 
structure as combined carbon, said malleable iron 
in the absence of magnesium containing graphite 
in the flake-aggregate form. 

6. A malleable iron having included sections of 
at least three-eighths inch in thickness and con 
taining about 0.04% to about 0.5% magnesium, 
not more than about 0.02% sulfur, about 1.8% to 
about 4% carbon, about 0.4% to about 4% silicon, 
up to about 3.5% nickel, up to about 2% copper, 
up to about 2% manganese, with the carbon and 
silicon contents being so related that the sum 
of the percentage of silicon divided by 3.1 plus 
the percentage of carbon divided by 4.5 exceeds 
1.00, and with the balance being essentially iron, 
said malleable iron being characterized by in 
proved properties and by a microstructure con 
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taining uncombined carbon in a substantially 
spheroidal form effected by the presence of said 
amounts of magnesium after a malleabilizing 
heat treatment conducted upon a cast iron cast 
ing containing said amounts of magnesium and 
which initially contained more than half the ex 
cess carbon not required to form the matrix struc 
ture as combined carbon. 

7. A malleable iron containing carbon and sli 
Con such that without magnesium the iron would 
be a gray cast iron in the as-cast condition, 
about 0.06% to about 0.15% magnesium, not more 
than about 0.02% sulfur, with the balance essen 
tially iron, said malleable iron having iron pres 
ent in the alpha form at atmospheric tempera 
tures and being characterized by improved prop 
erties and by a microstructure containing uncome 
bined carbon predominantly in a spheroidal form 
effected by the presence of said amounts of mag 
nesium after a malleabilizing heat treatment 
conducted upon a cast iron casting containing 
said amounts of magnesium and which initially 
contained more than half the excess carbon not 
required to form the matrix structure as com 
bined carbon. 
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