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The present invention relates to.a new article
of manufacture comprising a new addition agent
for the treatment of iron-base melts and to a
process for treating iron-base melss, particularly
cast iron melts, with said addition agent to pro-
duce ferrous products with improved properties
and characteristics and to produce cast iron with
graphite in a compacted: form, particularly in a
spheroidal form.

Heretofore, the art has taught that magnesium
does not alloy with iron and, in fact, when at-
tempts were made to introduce metallic mag-
nesium into cagt iron baths when the baths were
at the ordinary casting heat required for suc-
cessful casting (e, g., about 2700° F.) a reaction
of such explosive violence took place that the
molten iron was blown from its receptacle. It is
known that the boiling point of magnesium
(2030° ¥.) is below the melting point of most
cast iron baths (e. g., about 2200° F.). The prob-
lem of introducing magnesium into a bath of
molten cast iron, and particularly of incorpo-
rating and retaining residual magnesium in said
cast iron without explosive results, was a difficult
one to overcome. ‘

It has now bheen discovered that magnesium
can be incorporated controllably and successfully
into cast iron melts by means of a special mag-
nesium-containing addition agent and that cast
iron castings containing graphite in a spheroidal
form can he produced through the treatment of
cast iron melts with the addition agent.

It is an object of the present invention to pro-
vide a new article of manufacture comprising
a magnesium-containing addition agent particu-
larly adapted to the treatment of cast iron melts
to improve the castings produced from such
melts, ;

Another_;'object of the invention is to provide
an improved process for producing cast iron
containing spheroidal graphite which comprises
the treatment of molten cast iron baths with the
special magnesium-containing addition agent
provided by the invention.

The invention also contemplates providing an
improved  process for producing magnesium-
treated cast iron containing spheroidal graphite
wherein the introduction of magnesium and the
inoculation of the cast iron are carried out simul-
taneously. .

It is a further object of the invention to pro-
vide a magnesium-containing agent which en-
ables high recovery of contained magnesium in
a cast iron melt and quiet addition of mag-
nesium when said agent is added to a cast iron
melt.
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Other objects and advantages will become ap-
parent from the following description.

Generally speaking, the present invention con-
templates a magnesium-containing addition
agent comprising a special alloy of nickel, mag-
nesium and silicon and containing controlled

amounts of the constituents, to wit: about 30%,

i. e., 259%, to about 50% silicon, about 12% to
about 20% magnesium, up to about 12% iron,
and: the balance essentially nickel. The inven-
tion further contemplates an improved process
for treating molten ferrous baths, particularly
molten cast iron baths, with the new addition
agent provided by the invention to incorporate
magnesitm in said baths, to reduce the sulfur
content thereof, and to provide gray cast iron
castings containing a small but effective amount
up to about 0.3% or 0.4% magnesium and con-
taining graphite in a compacted or even in a
spheroidal form, - i

In its preferred embodiments, the agent pro-
vided by the invention contains about 14% to

about 20% magnesium, about 25% to about 30%

silicon, and the balance essentially nickel. - Very
good results are obtained when the magnesium
content is about .17%  to. about 20%. .For ex-
ample, a very satisfactory agent comprises an
alloy containing about 189% magnesium, about
289, silicon, about 8% iron and the balance es-
sentially nickel. )

- As pointed out hereinbefore, the addition of
magnesium to molten cast iron baths in the past
has been aftended by an explosive reaction and
by the burning and consequent loss of by far the
greater amount of magnesium added to the
molten. cast iron bath. The foregoing preferred
compositions possess the unexpected advantage
as compared to other alloys of equivalent density
and magnesium level that, when added to molten

cast - iron baths, quiet introduction of mag-

nesium is promoted and high recovery of con-

tained magnesium in the cast iron is achieved.

As a further advantage, small amounts of the

special alloy can be employed for the purpose of:

introducing magnesium into cast iron. v
The preferred alloys defined hereinbefore
represent practical compositions useful for intro-
ducing magnesium into cast iron. With nickel
and silicon proportioned as set forth hereinbe-
fore, the magnesium range of about 14% to about
20% gives very good results and it has been found
that at magnesium contents higher than about
20% the addition reactions become violent, with

spattering of metal and consequent high losses ‘

of magnesium, while at magnesium  contents

lower than about 14% the size of the ladle addi-
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tion required becomes. too great. In addition to
nickel, magnesium and gilicon, the alloys may
also contain up to about 12% iron, e. g, 0. 01%
to'12%, up to about 2% copper, €. g., 0. 01% to 2%,
up to aboit 1% cobalt, &. g., 0.01% 16 1%, Uip to
about 1% manganese, e. g., 0.01% to 1%, up to
about 0.5% aluminum, etc.
percentages are preferred, it has been pointed: out
in our parent application U. 8. Serial No. 787,420,
now U. S. Patent No, 2,485,760, that the addi-
tion alloys may contain nét only niekel, mag-
nesium and silicon but alsé Mmaunganecse, copper
and/or iron and that various amdunfs of these
latter elements may be present in larger amounts
than the foregoing preferréd Percefitages. 'The
nickel content of the alloy, however, must always
be at least about 40%. Likewise, as pointed out
hereinbefore, the magnesinm content of the alloy
must be about 12% to abdut 20% and the silicon
cofitent of thé alloy must be-about 25% to about
50%. 'The ésséntial characteristics of the addi-
tion aloy are imparted by the presence of these
amolints of Aickel, magnssiiim and siliééit.  In
addition to thée fo¥égoing, the agent provided. by
the: dfivention Hiay cofitain smigll amounts 6f ifi-
¢idental 1mpur1t1es é. g., phosphorus, sulfiti afd
tlfamum Thege imipurities do hot materigily
the propertIes of theé alloy ‘arid niilist not

of 1mproved propertles in castmgs made froi §aid
baths.  Improved properties are obtaitied whegt
ifon-base mielts, including cast iron melts, are
treated with about 0.8% to aboiit 3% ‘of the
Mmagnésiim-contamiig agént prov1ded By theé
invention. .

Magnesmm retamed in éast ir6H hagé been
found to have by itself a very powerful whitén-
ifig- ot carblde-stablhzmg effect which is u§uslly
undesmable in gréy ‘iron castings.
i the productlon of magnésium-containing gray
cast i¥on, it Has usually been Hecessary héréto-
fofe 'ifi the gréat majority of cdses to inocilate
maghiesilifn-containitig cast ifon baths ‘before
cAStitg ahd t6 cast the baths in ‘an inééilated
cond1t19n to insure that the resultihg castings
would be graphltlc A feature of the procéss
embodymg the present. invention is that ‘mag-
fiesium infrodiictiofl and inoecilatioh are aceom-
p11shed simultaneoiisly. = This feature Has Tiady
practical advantages ineliidivg the f4ét that the
Drogess embodyitig the invention provides an im-
proveél méthod Tor prodiicing eéast iton contain-
ing »sphermdal ‘graphite Wherein only ‘the Srigle
‘addition to the éast iron bath is required. Of
course otheér inoculating additiohis suich as Tefro-
smcon, ‘nickel §ilicide, caléium silicide, ete., can
bée employed along with or ‘Subseqiiently to the
addltlon to & cast iron bath of the agent pro-
vided by the inventioh. When inoculants such

as -the foregoing are employed (in addition -to

the' agent provided by the invention) in the treat-
mient of ast iron melts, amounts of frofm about
0. 2% to about 1% by weight of the bath may be
employed When an improved indculating ef-
fect is deszred m the adchtlon agent contemplat-
up to about 1% be 1ncorporated in $aid agents;
- -0.25% to about 1%. In addition, cast-iron
castings havmg thin sections, e. g., below abott
0.5 Jneh.in thwkness, produced from ¥nagne-
smm-contalmng gray cast iron accordmg 1o the

2,563,859

While the foregoing -
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process embodying the present invention will have
3 lower hardness than similar castings produced
by processes employing other magnesium-con-
taining addition agents; é. g., nicKel-maghesium
alloys, copper-rmagiiesium ail6ys, ete.

_ Cast iron baths which may be treated accord-

ifg to the process embodying the invention are
‘eutectiferous

iron-carbon alloy baths usually
containing about 1.7% to about 5% carbon and -
up to about 5.5% or .6% silicon with the balance
essentially iron, said balance usually being 85%
o .-87% or mwiore itén. The aforesaid baths are

‘those which will produce gray iron castings when

cast in an inoculated condition. Preferably, the

‘baths to be t¥eated sccording to the process em-
- bodying the invention contain about 2% to about

4.5% carbon or about 2.5% to 4% carbon. The
siiicon content of the bath to be treated is such
that the final silicon, content of castings made
acgording ‘to the process embodying the inven-
tion will e about 1.5% to about 4.5%. The mol-
tén ‘cast iroi compositions to be treated may

 contain the common alloying elémiznts in the
© amouits usually founid in ¢ast iromn, e. g., the dast
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i¥on-compositions may contain up to about 36%
nickel, up to about 0.6% molybdenum up to_
about 1% chromium, up to about 2.5% mangi-
nese, ete. In order to realize the preferred &f«

- fects obtainsble through thé introduction of

magnesiim itito cast iron, the ¢oppér coiitent is
Képt below about 2%. The cast iron bath to be
tretted iS préferably practmally devoid of stb-

: verslve amounts of tin, lead, antimony, blsmuth

arsenie, selénium and tellurium, éte., as thése
elemenits hdve been found fo be subverswe to
the desired éffects of magnesium on the graphite
form. The' 1mpur1t1es phiosphorus and sulfur mMay

. be bresent in théusual amounts found in various
* grades of commerceial ¢ast iron, Thus, fhe bath
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Accordingly,
" tent may be as high as 0.3% o

to be treated may contain up to 0. 5% ‘of more
phicsphoruis, although it iz préferred ‘that the
phosphorus content e below about0.15%, ¢. g.,
abotit 0,029 to 0.06%. Similarly, the: sulfur ¢on-
or mére, e. g, 0.05%
to 0.39%, although ‘Tt is preferred that the sul-
fur ‘content be below 0.15%, ¢. g., 0.03% to 0.1%.

In ‘the pbréferred process provided by the pres-

*ehit invention wherein gray cast iron containing
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% ‘sl but effective amournt of magnesium to
producge graphite in & substantially compacted
form is prodiiced through the addition to a cast
iron, melt 6f the magnesmm-contalnlng agent
prov1ded by the invenition, the bath contams
abolt '3.4% to about 4% earbon, about 0. 1% 1o

Hhotit 0.4 manganese, abotit 0.03% to about
0.1% siilfur, about 0, 02% to about 0.12% phos-
nhorus at least about 1 25% smcon, and the bal-

to the ‘aforésaid bath the ‘ainounts of addition
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agent contemplated by the invention will éon-
tain about 2% to about 2.5% silicon. When &
cast iron bath of the forégoilig domposition is

- employed, no additional inoculating ageénts are
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requ1red ‘to.produceé magnesium-conitaining gray
cast iron ‘other than thie agent. prov1ded by the
inveation.

For the purpose of glvmg those skilled in the

. art a better understanding of thé mventmn, the
following llustrative-example is.given:

70

A gray cast -iron -melt. contammg about 4%
carbon, about 0135% manganese, about 0.06%
phosphorus and abeut 0. 04% sulfur was estab-

* lished and. the temperature: .of the bath was ad-

5

justed to permit successful casting. To a pomon
of said bath held in a ladle, a 1.5% addition of
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an agent confaining about 18% magnesium,
about 279, silicon, about 47% nickel and about
8% iron was made. The thus-treaied metal was
then cast. In 1l-inch keel sections, the castings
had hardness values of 215 to 230 Brinell, tensile
strengths of 87,000 to 92,000 pounds per square
inch and elongations of 5% 1o 7.5% in the as-cast
condition.

The proportion of the magnesium content of
a given addition alloy which will be introduced
into a particular iron-base bath depends upon
a number of factors. Thus, the temperature of
the bath is an important factor as it has been
found that the magnesium recovery from a given
addition alloy is reduced at a very marked rate
when the temperature of the bath is elevated. A
preferred hath temperature to be employed in
the addition of the alloy provided by the in-
vention, particularly in the treatment of the pre-
ferred bath composition set forth hereinbefore
containing about 3.4% to about 4% carbon, is
about 2700° to about 2760° F. As magnesium
has been found to be a powerful desulfurizer even
under acid conditions and in the absence of a
slag, the sulfur content of the bath is also a fac-
tor. When magnesium is introduced into a
sulfur-containing cast iron melt, the sulfur con-
tent will be reduced and magnesium will be con-
sumed in the resulting reaction. Generally
speaking, when suflicient magnesivm is intro-
duced into a cast iron containing more than
about 0.029, sulfur (e. g., 0.03% to 0.1% or more)
to produce a retained magnesium content of
0.03% or more, the sulfur content will be reduced
below about 0.02%. Practically speaking, about
one part by weight of magnesium must be intro-
duced into the bath for each part by weight of
sulfur removed.. The technique employed in
adding the addition agent provided by the in-
vention to the cast iron bath will also effect the
magnesium recovery. It has been found that
satisfactory results have been obtained when the
addition agent provided by the invention is added
to the molten stream of hot metal flowing into
3 ladle or other container. It has been found
that magnesium recovery is usually greater when
additions are made on a large scale as in a com-
mercial foundry than when additions are made
on a small scale, e. g., on a laboratory scale.

The magnesium addition agent provided by
the invention can be prepared by a method which
comprises melting down nickel and ferro-silicon
(e. g., an alloy containing about 75 % silicon, bal-
ance essentially iron), introducing magnesium
into the resulting bath, and casting the metal
from said bath.

This application is a continuation-in-part of
our co-pending U. 8. application Serial No.
787,420, filed November 21, 1947, now U. 8. Patent
No. 2,485,760.

Although the present. invention has been de-
scribed in conjunction with preferred . embodi-
ments, it is understood that modifications and
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varlations may be resorted to without departing
from the spirit and scope of the invention, as
those skilled in the art will readily understand.
Variations and maodifications apparent to those
skilled in the art are considered to be within
the purview and scope of the invention and ap-
pended claims.

We claim:

1. As a new article of manufacture, an addi-
tion agent adapted for the treatment of cast
iron baths to desulfurize said baths and to im-
prove the quality of castings made therefrom,
and comprising an alloy containing about 18%
magnesium, about 289% silicon, up to about 8%
iron, and the balance essentially nickel.

2. As a new article of manufacture, an addi-
tion agent adapted for the treatment of cast
iron baths to desulfurize said baths and to im-
prove the quality of castings made therefrom,
and comprising an alloy containing about 17%
to about 20% magnesium, about 25% to about
30% silicon, up to about 129 iron, and the bal-
ance essentially nickel.

3. As a new article of manufacture, an addi-
tion agent particularly adapted for the treat-
ment of cast iron melts and comprising an al-
loy containing about 14% to about 20% magne-
sium, about 25% to about 30% silicon, up to
about 12% iron, calcium up to about 1%, and
the balance essentially nickel.

4. As a new article of manufacture, an addi-
tion agent comprising an alloy containing about
30% to about 50% silicon, about 12% to about
20% magnesium, up to about 12% iron, up to
about 19 calcium, and the balance essentially
nickel, with the nickel constituting at least about
40% of the glloy.

5. As a new article of manufacture, an addi-
tion agent for the treatment of molten cast iron
and comprising an alloy containing about 12%
to 20% magnesium, about 25% to 50%  silicon,
up to about 129 iron, and the balance consist-
ing essentially of nickel and constituting at least
about 40% of the alloy.
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ALBERT PAUL GAGNEBIN.
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