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The present invention relates to a new article
of manufacture comprising a novel magnesium-
containing addition agent having reduced reac-
tivity when added to molten cast iron and adapt-
ed ‘to provide an increased proportion of the un-
combined carbon in “as-cast” cast iron as com-~
pacted graphite including spheroidal graphite,
and to an improved process utilizing said agent to
produce-cast iron products having improved prop-
erties and characteristics in the “as-cast” condi-
tion.

It is now well known that retained magnesium
will cause uncombined carbon in cast iron to oc~
cur in the form of compacted graphite, prefer-
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ture is accomplished in a number of ways and
the amount of magnesium to be added to the
bath will depend upon (1) the final retained mag-
nesium content desired in the iron after solidi-
fication, (2) the additional amount of magnesium
required to overcome the presence of undesir-
abkle elements, such as sulfur, ete., in the molten
iron, (3) the amount of magnesium lost from the
molten iron by delaying the casting of the bath
after the magnesium introduction and (4) the
proportion of magnesium recovered in the bath
from the magnesium addition agent. This last
factor (4) presents considerable difficulties since
varying losses of magnesium are incurred when

ably spheroidal graphite, and that such cast iron 15 introducing magnesium, either as elemental mag-
will possess ‘g combinsation of properties entirely nesium or in the form of g magnesium-containing
different from and higher than that obtained in addition agent, into the molten hath. It is well
gray cast iron-in which the uncombined carkon is known that the addition of elemental magnesium
present -as normal flake graphite. To produce a to molten iron leads to a very violent reaction
magnesium-containing cast iron in which the 20 with the result that all or very nearly all the

amount of magnesium retained therein is suf-
ficient to obtain in the “as-cast” iron the de-
sired amount of uncombined carbon as compacted
.graphite, preferably spheroidal graphite, a molten

cast iron bath of such composition that if cast

after inoculation it would be a gray cast iron
is first established. 'This includes a molten bath
having such high graphitizing power that it
would be gray cast iron when solidified regard-

less of whether or not it was inoculated. A bath 2

of this type is treated with a sufficient amount of
a magnesium-containing agent, e. g., elemental
magnesium, a nickel-magnesium alloy, a nickel-
magnesium-carbon alloy, .a hnickel-magnesium-

gilicon alloy, a silicon-magnesium-iron alloy, ete., ;

to obtain in the cast iron when subsequently cast
the desired amount of retained magnesium. In
practice, the magnesium is at present often added
as -an alloy containing from about 14% to about

16 % magnesium. If required, the bath is inocu- 1

lated-at least once, either simultaneously with or
shortly after the magnesium introduction, with
a graphitizing agent, e. g., ferrosilicon, and then
cast in an inoculated condition. The develop-

ment of this new type cast iron containing -

graphite in a compacted form, including the
spheroidal form and the compacted-flake form, is
described in U. -S. Patents Nos. 2,485,760 and
2,485,761, and some magnesium-containing addi-

tion agents adapted to introduce magnesium into ¢

cast iron are disclosed in U. S. Patents Nos.

2,485,760, 2,485,761, 2,529,346, and 2,563,859.
The introduction into a molten cast iron bath

of the essential amounts of magnesium required

‘to produce the desired-compacted graphite struc- -

e
<t

magnesium is lost. If the magnesium is added
as an alloy with, for example, nickel, there is
still a reaction, the reactivity of which decreases
as the magnesium content of the alloy is de-
creased.

For the reasons set forth hereinbefore, the
production of cast iron contfaining small critical
amounts of retained magnesium is highly advan-~
tageous and, in present practice, the magnesium
is usually incorporated in molten cast iron as a
magnesium-containing alloy addition containing
from about 2% to about 30% or 40% magnesium,
for instance, g nickel-base alloy containing about
4% to 20% magnesium, such as an alloy con-
taining about 13% to 17% magnesium. This
type of addition agent is not excessively reactive
when added to molten cast iron, but, nevertheless,
an appreciable reaction does occur. Moreover,
the fact that the magnesium content of the addi-
tion alloy is low means that the total amount
of alloy which must be added is high, so that
the molten iron is chilled to some extent and
an undesirable amount of the metal or metals
with which the magnesium is alloyed may be
introduced into the molten iron.

Although many attempts were made to over-
come the foregoing difficulties and other diffi-
culties, none, as far as I am aware, was entirely
successful when carried into practice commer-
cially on an industrial scale.

A new magnesium-containing addition agent
has been discovered which has substantially de-
creased reactivity when added to molten cast iron
as compared to the reactivity resulting when prior
art magnesium-containing agents were added to
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molten cast iron and which also produces im-
proved conversion of uncombined carbon to com-
pacted graphite, i. e., as spheroidal graphite such
as found in the ferrous castings described in the
aforesaid U. S. Patent No. 2,485,760 and/or as
compacted-flake graphite such as found in the
ferrous castings described in the aforesaid U. S.
Patent No. 2,485,761.

It is an object of the present invention to pro-
vide an improved addition agent for incorporat-
ing magnesium in melten iron which has substan-
tially lessened reactivity when added to cast iron
and which augments the occurrence of uncom-
bined carbon as compacted graphite in the “as-
cast” magnesium-containing cast iron.

Another cbject of the invention is to provide
as a new addition agent a unigue mixture of a
reaction-inhibiting ingredient and a magnesium-
containing ingredient for treating mclten cast
iron.

It is a further object of the invention to provide
a unigue magnesium-centaining agent which,
when used to incorporate magnesium into molten
cast iron for the production of compacted graph-
ite in the resulting castings, enables improved re-
covery in said castings of uncombined carbon in
the form of compacted graphite, particularly
spheroidal graphite.

It is still another object of the present inven-
tion to provide an improved method for incor-
porating magnesium into cast iron to produce
magnesium-containing cast iron.

The invention also contemplates as a further
object an improved methcd for producing cast
iron containing compacted graphite, especially
spheroidal graphite. ’

Other objects and advantages will become ap-
parent from the following description.

Generally speaking, the present invention com-
prises a new magnesium-containing addition
agent for addition to molten cast iron to provide
reduced reactivity when used to incorporate mag-
nesium in molten cast iron. The new addition
agent comprises a special mixture containing spe-
cial proportions of calcium cyanamide as a reac-
tion-inhibiting ingredient and a maghesium-con-
taining ingredient. It is an important feature
of the present invention that the caleium cyan-
amide reaction-inhibiting ingredient be added in
conjunction with the magnesium-containing in-
gredient in order to achieve the cooperative effect
which the reaction-inhibiting ingredient exerts
in decreasing the reactivity of the magnesium-
containing ingredient. In other words, the mag-
nesium-containing ingredient must be incorpo-
rated into the molten cast iron in the presence of
the reaction-inhibiting ingredient.

This invention is based on the striking discov~
ery that calcium cyanamide reduces the violence
of the reaction if it is added with the magnesium.
It is preferred to mix calcium cyanamide powder
with the magnesium, which itself is preferably
added as an alloy crushed to small pieces rang-
ing in size from, for example, about one-eighth
to about three-eighths of an inch., It has been
found, for instance, that if an alloy containing
from about 14% to about 16% magnesium and
the rest nickel is mixed with an equal quantity of
calcium cyanamide powder, the calcium cyan-
amide in the mixture burns quietly while the
magnesium desulfurizes and dissolves in the
molten metal with hardly any visible sign of
reaction. 'The calcium cyanamide does not chill
the molten iron appreciably and leaves a residue
which is easily skimmed off when the reaction is

10

20

25

30

40

50

80

70

75

4

complete. As a specific example, molten iron
may be treated with about 1.19% of a nickel-mag-
nesium alloy containing about 15% magnesium
and with an equal amount of calcium cyanamide
powder, then be incculated with an amount of
silicon (for example, as ferresilicon containing
809 silicon) equal to about 8.5% of the weight of
the molten metal, and then be cast. With alloys
richer in magnesium or with smaller quantities of
calcium cyanamide, the reactivity is likewise re-
duced.

The reactive magnesium-containing materials
which can be employed in conjunction with cal-
cium cyanamide, preferably as a mixture there-
with, include those known to the prior art and
can be elemental magnesium or an alloy of mag-
nesium or a mixture of magnesium with one or
more carrier materials, e. g., as a compacted mass
or briquette. Some examples of reactive mag-
nesium-containing ingredients include elemental
magnesium, nickel-magnesium alloys, silicon-
magnesium alloys, and copper-magnesium alloys.
It is to be understood that the aforementioned
alloys may be in the form of binary alloys or
more complex alloys such as ternary alloys, etc.
Tllustrative examples of nickel-magnesium alloys
are binary nickel-magnesium alloys, nickel-mag-
nesium-carkon alloys, such as described in the
aforesaid U. S. Patent No. 2,529,346, and nickel-
magnesiun-silicon alloys, such as described in the
aforesaid U. 8. Patent No. 2,563,869, Illustrative
exampiles cf silicon-magnesium alloys include bin~
ary silicon-magnesium alloys and silicon~-magne-
sium-iron alloys. In general, the reactive magne-
sium-containing ingredient will contain up to a
total of about 80% of one or more of the elements
nickel, silicon, copper, iron and/or manganese
with the balance consisting essentially of mag-
nesium. In addition, the magnesium-containing
ingredient may contain small amounts of carbon,
caleium, ete. In usual practice, the magnesium-
containing ingredient will contain about 60% to
about 909% of the aforesaid elements, the balance
being essentially magnesium and being within the
range of about 10% to about 40%. In utilizing
calcium cyanamide in conjunction with the mag-
nesium-containing ingredient, preferably as a
mixture, the weight ratio of the calcium cyan-
amide ingredient to the magnesium-containing
ingredient should be at least about 0.5 of calcium
cyanamide to 1 of magnesium-containing in-
gredient. TUsually a ratio within the range be-
tween about 0.5:1 and about 6:1 gives satisfac-
tory results. In most cases, it is preferred to
maintain the ratio between about 0.5:1 and about
2:1.

The addition agent comprising a mixture of
the foregoing ingredients can be added to the
molten cast iron either as a loose mixture or as
a compacted mixture, e. g., as a briquette. The
calcium cyanamide preferably is employed as a
powder and the magnesium-containing ingredient
preferably is employed as lumps of about one-
eighth inch to about three-eighths inch in size al-
though improved results are still obtained when
either or both ingredients have other particle
sizes.

To obtain cast iron which, in the as-cast con-
dition, contains uncombined carbon in the form
of compacted graphite, usually at least about
0.02% magnesium should be retained in the cast
iron. If it is desired that the cast iron contain

compacted graphite in the form of spheroids, usu-
ally at least about 0.03% or 0.04% or more mag-
nesium should be retained in the “as-cast” iron.
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It is known that the presence of certain inter-
fering elements in cast iron counteracts the for-
mation of compacted graphite, either as com-
pacted-flake graphite or as spheroidal graphite.
Thus, in producing magnesium-containing cast
iron by the processes disclosed in the aforesaid
U. S. Patents Nos. 2,485,760 and 2,485,761, the
uncombined carbon sometimes can wholly occur
as flake graphite even though an amount of re-
tained magnesium is present which, were inter-
fering elements not present, would produce un-
combined carbon in the compacted form. This
condition is traceable to the presence of interfer-
ing elements such as lead, etc. One of the unex-
pected advantages obtained by employing the
novel addition agent provided by the present in-
vention is believed due to the neutralizing or off-
setting effect of calcium cyanamide on the harm-
ful effects of these detrimental interfering ele-
ments which may be present in the molten cast
iron. This offsetting or counteracting effect of
the calcium cyanamide ingredient when employ-
ing the present addition agent in treating cast
iron containing interfering elements results in a
greater proportion of the uncombined carbon
becoming compacted, i. e., as compacted-flake
graphite and/or as spheroidal graphite, and
hence results in better mechanical properties in
the cast iron than are obtained when employing

the same magnesium-containing ingredient with- 3.

out calcium eyanamide.

In employing the present invention to produce
cast iron containing compacted graphite, a
molten bath of cast iron is established which, if

then cast in an-inoculated condition, would re- i3

sult in gray cast iron containing normal flake
graphite; adding to said bath the calcium cy-
anamide in conjunction with the magnesium-
containing ingredient in an amount sufficient to

incorporate in the molten bath and to retain in -

castings made therefrom at least a small but
effective amount, e. g., at least about 0.02%, of
magnesium; and thereafter casting metal from
the thus-treated bath with sufficient graphitizing
power, usually contributed by the addition of a
graphitizing agent or inoculant, such as a silicon-
containing agent, to produce castings containing
uncombined carbon in the gray cast iron range.
‘When the amount of retained magnesium is at
least about 0.03% or about 0.04%, a substantial
proportion of the compacted graphite will be in
the form of spheroids.  As indicated hereinbefore,
the molten bath may be treated after the addi-
tion of the calcium cyanamide and the mag-
nesium-containing ingredient, preferably as a
mixture, with a graphitizing agent or inoculant
to impart the required final graphitizing power if
the composition is such that it does not have
sufficient graphitizing power to oppose the whit~
ening tendency of the magnesium. In some in-
stances, the graphitizing agent or inoculant may
be added simultaneously with the magnesium-
containing ingredient although in most cases the
addition of the graphitizer or inoculant subse-
quent to the addition of the magnhesium-contain-
ing ingredient is more satisfactory. The graph-
itizer or inoculant is usually a silicon-containing
agent, such as ferro-silicon, nickel silicide or
nickel-silicon alloys, calcium silicide or calcium-
silicon alloys, silicon metal, etc., although other
graphitizing agents may be employed.

In carrying out the present invention to pro-
duce cast iron containing compacted graphite,
the combined weight of calcium cyanamide and
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molten cast iron will usually be withiin the range-
of about 1% to about 8%, more usually within
the range of about 1% to about 5%, by weight of
the molten iron.

Ilustrative examples of addition agents with-
in the scope of the present invention which have
been successfully employed to obtain improved
recovery of uncombined carbon as compacted
graphite in cast iron together with a substantially

reduced addition reactivity are as follows:
Composition of agent
Addition agent y

. Percent | Lercent

CaON: | Nibg

alloy !
A s 50 50
_B _________________________________________ 42 58

115% Mg, 2% C, balanee Ni.

To illustrate the application of the process pro-
vided by the present invention, an embodiment
thereof comprises adding to the molten cast iron
hath about 2% to about 4% by weight of a mix-~
ture in about equal proportions of calecium cy-
anamide powder and crushed nickel-magnesium
alloy. A nickel-magnesium alloy containing
about 15% magnesium, about 2% carbon and the
balance essentially nickel, and having a lump
size of about 34 inch, provides satisfactory results
when employed in conjunction with calcium cy-
snamide.

The present invention may be applied to the
manufacture of a wide variety of ferrous products
and articles which will be apparent to those
skilied in the art. These products and articles
include those set forth in the aforementioned
U. S. Patents Nos. 2,485,760 and 2,485,761, The
present invention particularly contemplates a

! novel article of manufacture, namely, a new ad-

dition agent, to be employed in the production
of magnesium-containing cast iron to provide
substantially reduced reactivity during the addi-
tion of magnesium to molten cast iron.

Although the present invention has been de-
scribed in conjunction with preferred embodi-
ments, it is to be understocd that modifications
and variations may be resorted to without de-
parting from the spirit and scope of the inven-
ticn, as those skilled in the art will readily un-
derstand. Such modifications and variations are
considered to be within the purview and scope of
the invention and appended claims.

I claim: - .
- 1. As a new article of manufacture, an addi-
tion agent particularly adapted for incorporat-
ing magnesium into molten cast iron which com-
prises calcium cyanamide and such a proportion
of a reactive ingredient containing at least 10%
magnesium and up to a total of 909% of metal
from the group consisting of nickel, copper and
silicon that the weight ratio of calecium cyana-
mide to said reactive ingredient in said addition
agent is between about 0.5 to 1 and about 2 to 1,

s said agent being characterized by decreased re-

activity when added to molten cast iron.

2. As a new article of manufacture, an addition
agent particularly adapted for incorporating
magnesium into molten cast iron which comprises
caleium cyanamide and such a proportion of a
reactive ingredient containing at least 10% mag-
nesium and up to a total of 50% of metal from the
group censisting of nickel, copper and silicon that
the weight ratio of calcium cyanamide to said

magnesium-containing ingredient added to the :; reactive ingredient in said addition agent is be-
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tweeti about 0.5 to 1 and about 6 to 1, said agent
being characterized by decreased reactivity when
added to molten cast iron.

3. As a new article of manufacture, an addi-
tion agent particularly adapted for incorporat-
ing magnesium into molten cast iron which com-
prises calcium cyanamide and such a proportion
of a reactive 10 to 40% magnesium-containing
alloy that the weight ratio of calcium cyanamide

to said alloy in said addition agent is between 1

about 0.5 to 1 and about 2 fo 1, said agent being
characterized by decreased reactivity when added
to molten cast iron.

4. As a new article of manufacture, an addition
agent particularly adapted for incorporating
magnesium into molten cast iron which comprises
calcium cyanamide and such a proportion of a
reactive 10 to 40% magnesium-containing alloy
that the weight ratio of calcium cyanamide to
said alloy in said addition agent is between about
0.5 to 1 and about 6 to 1, said agent being char-
acterized by decreased reactivity when added to
molten cast iron.

5. An improved process for producing mag-
nesium-containing cast iron containing com-
pacted graphite which comprises establishing a
path of molten cast iron of such a composition
that if cast at least after inoculation it would
be a gray cast iron; incorporating at least a small
but efective amount of magnesium in said bath
hy treating said molten bath with about 1% to
89 of an addition agent comprised of calcium
cyanamide and such a proportion of a reactive
ingredient containing at least 10% magnesium
and up to a total of 80% of metal from the group
consisting of nickel, copper and silicon that the
weight ratio of calcium cyanamide to said reac-
tive ingredient in said addition agent is between
about 0.5 to 1 and ahout 6 to 1; and casting a
magnesium-containing casting from metal of said
hath in an inoculated condition to obtain therein
rneombined carbon as compacted graphite,

6. An. improved process for producing mag-
nesium-containing cast iron containing com-
pacted graphite which comprises establishing a
bath of molten cast iron of such a composition
that if cast at least after inoculation it would be
a gray cast iron; incorporating at least a small
but effective amount of magnesium in said bath
hy treating said molten bath with an addition
agent comprised of calcium cyanamide and such
a proportion of a reactive ingredient containing
at least 10% magnesium and up to a total of 90%
of metal from the group consisting of nickel, cop-
per and silicon that the weight ratio of calcium
cyanamide to said reactive ingredient in said
addition agent is between about 0.5 to 1 and about
6 to 1: and casting a magnesium-containing cast-
ing from metal of said bath in an inoculated con-
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dition to obtain therein uncombined carbon as.
compacted graphite. ’

7. An improved process for producing mag-
nesium-containing cast iron containing sphe-
roidal graphite which comprises establishing a
bath of molten cast iron of such a composition
that if cast it would be a gray cast iron; incor-
porating at least a small but effective amount of
magnesium in said bath by treating said molten
bath with an addition agent comprised of calcium
cyanamide and such proportions of a reactive
10 to 40% magnesium-containing alloy that the
weight ratio of calcium cyanamide to said alloy
in said addition agent is between about 0.5 to
1 and about 6 to 1; and casting metal from said
bath to obtain a casting containing uncombined
carlgon and at least about 0.03% retained mag-
nesium.

8. An improved process for producing mag-
nesium-~containing cast iron containing compact-
ed graphite which comprises establishing g bath
of molten cast iron of such a composition that if
cast it would be a gray cast iron; incorporating
at least a small but effective amount of mag-
nesium in said bath by treating said molten bath
with an addition agent comprised of calcium cy-
anamide and such proportions of a reactive 10
to 409% magnesium-containing alloy that the
weight ratio of calcium cyanamide to said alloy
in said addition agent is between about 0.5 to
1 and about 2 to 1; and casting a magnesium-
containing casting from metal of said bath with
sufficient graphitizing power to obtain therein
uncombined carbon as compacted graphite.

9. An improved process for producing mag-
nesium-containing cast iron containing com-
pacted graphite which comprises establishing a
bath of molten cast iron of such a composition
that if cast it would be a gray cast iron; incor-
porating at least a small but effective amount
of magnesium in said bath by treating said mol-
ten bath with an addition agent comprised of
calcium cyanamide and such proportions of a
reactive 10 to 40% magnesium-containing alloy
that the weight ratio of calcium cyanamide to
said alloy in said addition agent is between about
0.5 to 1 and about 6 to 1; and casting a mag-
nesium-containing casting from metal of said
bath with sufficient graphitizing power to obtain
.télerein uncombined carbon as compacted graph-
ite.

ARTHUR DONALD BUSBY.
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