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The present invention relates to a method of
producing high quality, moderately alloyed cast
iron, and more particularly, to a method of pro-
ducing high quality, moderately alloyed, nickel-
molybdenum cast iron possessing markedly im-
proved strength properties and other properties
in large section sizes as well ag in small section
sizes; and to products made therefrom.

It has been proposed to produce high strength
gray cast iron from cupola charges composed of
at least about 60% steel scrap and of low silicon
content 50 as to produce an iron which would be
white or mottled, if cast without further treat-
ment. Heavy ladle additions, such as silicon,
nickel, carbon, alkali silicide, alkali earth metals,
and the like, have been specified to precipitate
graphite in the metal and thereby render the
iron gray and machinable. It has also been pro-
posed to add alkaline earth metal silicides to
molten gray iron but the purpose of this addi-
{ion was also to precipitate additional carbon.
Tn some cases it has been required to hold the
metal for a specified interval before pouring to
permit this graphitization to take place. At-
tempts to produce high strength gray cast irons
based upon considerations of the matrix of the
cast iron generally have been limited to the struc-
ture of the well known Maurer diagram, i. e.,
ferrite, carbide and pearlite. Since pearlite is
the strongest machinable structure of these three,
previous efforts in this direction have been di-
rected to the production of a pearlitic matrix,
or as sometimes stated, an eutectoid combined
carbon content of about 0.85%. Ladle additions,
preheated molds, and other means have been
advocated to obtain this objective. The addition
of chremium,a carbide forming element, has been
proposed as a means of keeping the combined car-
bon in cast iron near the eutectoid content.
Attempts to improve the properties of cast iron
by heat treatment involving heating and quench-
ing operations were not completely satisfactory,
particularly in large sections, for example, in ex-
cess of about 3 inches, and especially in éxcess
of about 10 inches, where difficulties were en-
countered in handling and treating large masses
and where cracks and the like often occurred as
a result of rapid cooling, Other disadvantages
and defects were frequently encountered in prior
methods. Thus, the surface of the castings was
irequently decarburized thereby producing an
undesirable soft skin. Likewise, the large ladle
additions which were advocated tended to chill
the molten metal to too low temperatures. The
time of holding the molten metal after the addi-
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tions were made was also detrimental due to loss
of temperature. The formation of siag on top
of the ladle increased the problem of producing
castings Iree from slag inciusions. -

Prior procedures in cast iron practice did not
give assurance of high quallty cast irons which
consistently possessed a high combination of
properties, particularly high strength, toughness
and impact, Although many attempts were made
to remedy the aforementioneg shortcomings,
none, so far as we are aware was entirely stuccess-
ful in consistently producing satisfactory results
and could be carried into practical and economi-
cal industrial scale operation. '

We have discovered that the foregoing shori-
comings may be overcome in g particularly effec-~
tive manner and that high quality cast irons are

_obtained when produced by & novel process in-

volving a special sequence of critical operations.
The high quality cast irons pessess {ensile
strengths in excess of about 85,000 pounds per
square inch in standard arbitration test bars
after special heat treatment and have a special
microstruciure. We have found tha} when mod-
erate amounts of the austenite-reteining ele-
ments nickel and molybdenum are present in
gray cast iron in which the carbon and sllicon are
properly adjusted for section size the microstruc-
ture of the cast iron at room temperature has an
acicular matrix coantaining sustenite, In the
presence of graphite, the austenite of which can
be transformed {o an acicular constituent at low
temperatures to impart to the cast iron markedly
improved properties, e. g., increased strength
properties. We have also found that the higher
strength properties of gray cast lron are influ-
enced by the section size, melting operations, in-
oculation treatment, pouring temperature, speed
of pouring and ferrostatic pressure during solidi-
fication, as well as by the composition and heat
treatment at low temperatures and that the
former are as important as the latter in obtaining
high quality gray cast irons possessing, for ex-
ample, tensile strengths of 85,000 and often above
90,000 pounds per square inch in standard arbi-
tration test bars after heat treatment. .

It is an object of the present invention to pro-
vide a method of producing high quality gray
cast iron which is simple, practiral and economi-
cal and which is capable of being operated con-
sistently and successfully on an industrial scale
to produce improved commercially acceptable
gray -cast iron products, particularly products
having the larger cross sectional thicknesses, such
as rolls, :
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. It is another object of the present invention
to provide a method of manufacturing cast iron
whereby gray cast iron products can be ob-
tained which possess a combination of high me-
chanical properties, especially high tensile
strengths combined with high toughness and im-
pact strength. -
The invention also provides a process for pro-
ducing moderately alloyed gray cast iron having

a partially austenitic microstructure as cast’

which involves a novel combination of operr.tions
including 'a proper selection of composition and
chemistry, a special inoculation operation, special
pouring temperatures and casting conditions and
a low temperature heat treatment to transform
the austenite contained in the “as cast” micro-
structure into an acicular constituent.

The invention further provides a high quality
cast iron comprising controlled and balanced
proportions of constituents and possessing an
acicular structure, said cast iron being charac-
terized by high mechanical properties, including

high tensile strength and/or high impact values.

The invention also contemplates providing ar-
ticles of manufacture of large section saize, for
. example rolls, particularly those of large diam-
eter, made of the special cast irons provided by
the present invention.

Other objects and advantages of the invention
will become apparent to those skilled in the art
from the following description taken in conjunc-
tion with the accompanying drawing in which:

Fig. 1 is a graph depicting the effect of nickel
and molybdenum upon the microstructure and
tensile strength of heat treated standard 1.2”’
arbitration bars of gray cast irons made in ac-

- cordance with the present invention; and

Fig. 2 Is a graph depicting the approximate
relation between the hardness and the nickel and
molybdenum content of heat treated standard
12’7 arbitration bars of gray cast irons made in
accordance with the present invention.

In general, the invention involves a novel com-
bination of operations for producing high quality
gray cast iron containing controlled proportions
of both nickel and molybdenum which comprises
correlating the composition and chemistry of the
charge with the melting medium, the desired
properties, the section size of the final product
and the molding conditions to produce a cast iron
which is in most cases machinable “as cast” and
which possesses a transformable microstructure
due to the presence of controlled amounts of
austenite and contains randomly distributed
small primary graphite flakes; controlling the
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melting temperatures and conditions to produce .

molten metal having the desired composition
when tapped; inoculating the molten metal in
the Iadle; and casting the metal, preferably while
controlling the casting conditions to obtain high
pouring temperatures, fast pouring speeds and
high ferrostatic pressures. The solidified gray
cast iron having a partially austenitic matrix is
markedly benefited by a low temperature heat
treatment t{o transform most of the.austenite in
the “as cast” microstructure to an acicular con-
stituent. When the term “gray” is used herein
in reference to cast iron, it is meant to indicate
that the cast iron contains primary graphite as
distinguished from white cast iron in which the
carbon is in the combined form. The term
“gray” does not refer to the matrix which in the
present invention is austenitic and acicular but
which in the prior art has usually been pearlitic
or pearlitic and ferritic.” The acicular constitu-
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ent, in accordance with a common theory, is a
decomposition product of austenite known under
various names such as bainite, a constituent ex-
plained by the well-known 8-curve for steel.
We have found that in order to obtain high qual-
ity cast irons proper processing is important and
that simply selecting alloy contents will not nec-
essarily give the desired high quality product.
Proper graphite conditions and matrix condi-
tions are essential and appear to be infiluenced by
the inoculation treatment, pouring temperature,
speed of pouring, ferrostatic pressure, section
size, heat treatment and composition or chemis-
try, including the ratio of carbon to silicon and
the proportions of the austenite-forming ele-
ments, nickel and molybdenum.

Chemistry and composition

The production of high quality or high strength
cast iron by the present invention requires the
correlation of the selected chemistry and com-
position with the desired properties, section size
of the product to be cast, and the molding condi-
tions to produce the desired partially austenitic
“as cast” microstructure in a gray cast iron con-
taining randomly distributed small primary
graphite flakes. The composition must be so
selected that the cast iron is capable of passing
through the austenite transformation range, for
example through the range of 1500° F. to 350° ¥,
without complete transformation of austenite to
its lower forms but with partial transformation
of the austenite to produce an acicular constitu-
ent in the “as cast’ microstructure. Pearlite
should not be present but small amounts up to
about 10% may be tolerated where maximum
strength properties are not the primary consid-
eration and it is to be understood that when we
refer to “acicular” structure we do not mean to
exclude such small amounts of pearlite. ’

A charge should be employed which will pro-
duce a partially austenitic gray cast iron having
the approximate composition set forth in Table I.

Table I _

Flement Percentage

Kot

Graph 0.5t0 it
Silicon__.._.___ .. 1L0to4.75
Nickel..__. .. 1.0t06.0
Molybdenum. ... 0.2t0 1.5
Iron . Balance
Preferably the silicon falls within the range of

about 1.25% to abou 3.25% for section sizes up
to about 60 inches. As will be pointed out here-
inafter some of the silicon is added in the ladle
for a special purpose. Accordingly, the total
amount of silicon set forth hereinbefore will in-
clude the silicon retained from the charge and
that incorporated in the ladle. The graphiiic
carbon is preferably between about 0.7% and
about 2.5% by weight. It is very important tnat
the volume of the graphite not exceed about 5%
to 10% of the volume of the cast iron. The lower
amounts of graphitic carbon contents are pre-
ferred where maximum strength is desired while
the higher graphitic carbon contents produce the
best founding properties and the best machin-
ability but with some sacrifice in strength prop-
erties. Other elements, minor constituents and
impurities may also be present. Thus, about
0.03% to about 0.25% sulfur, preferably not ex-
ceeding about 0.15%, is frequently present in cast
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irons as a result of commercial practice. Like-
wise, the cast iron may contain 0.01% to about
0.45% phosphorus, preferably not exceeding about
0.15%, and about 0.3% to about 2.5% manganese,
usually about 0.6% to about 1.2%. Manganese
_in amounts above about 1% and up to about
2.5% is considered as a minor alloying element
having austenite-forming tendencies. Copper in
amounts up to about 3.5%, preferably below about
0.6%, may also be present under certain circum-
stances. Chromium in amounts up to about
0.5% may be present as a residual element from
scrap used in the charge, as in the case of scrap
from the roll industry, and also may be used to
gain additional hardness in high strength cast
iron. Aluminum in amounts up to about 0.2%
may be present, e, g., as a result of the inoculants
used to process the present high strength casf
irons as will be pointed out hereinafter. Hy-
drogen has also been found to be present in the
inoculants. “Although the theory of inoculation
is as yet unexplained it is probable that both
aluminum and hydrogen play a part in its benefi-
cial effect. It is thought that the effect of hy-
drogen may be in the direction of stabilizing
austenite. Cobalt is often present in commercial
nickel and may be introduced into the high
strength cast irons in amounts up to about 1%
along with the nickel additions. Boron is finding
use in commercial practice as a substitute for
chromium and may be present in the high
strength cast irons, for example in amounts up
to about 0.05%, for the same reasons as stated
‘thereinbefore for chromium. Small amounts of
titanium, e. g., 0.3%, have been found in cast
iron as a minor constituent or impurity. Cal-
cium has been suggested as a deoxidizer and small
amounts in cast iron are believed to have a benefi-
cial effect under certain conditions. Small
amounts of zirconium may also be present, for
example, because of the use of zirconium-silicon
alloys as inoculants instead of ferro-silicon. It

is to be understood that when it is stated that

the “balance is substantially all iron” the ex-
pression does not exclude minor constituents and
impurities such as have been mentioned herein-
before which may be present as a result of com-
merelal practice or for known purposes in known
amounts insufficient to deleteriously alter the de-
sired properties of the high-quality cast irons
provided by the present invention.

The present invention has been found to be
particularly advantageous in the larger section
sizes, for example about 5 inches and up. Where

. the cast irons are to be used in section sizes of
about 5 inches up to about 60 inches or more,
the composition should preferably be maintained
within the ranges of about 2.5% to about 1.25%
silicon, about 3% to about 1.5% carbon, about
2% to about 6% nickel, about 0.5% to about 1.3%
molybdenum, and the balance substantially all
iron, including impurities and minor constitu-
ents: sald carbon content decreasing as the sec-
tion size increases and said nickel and molyb-
denum contents increasing as -the -section size
increases. The silicon content will usually de-
crease with the section size but a wide range of
silicon is permissible for any given section size.
For section sizes of 10 inches or more the nickel
content is preferably at least 3%. The present
invention aceordingly provides improved cast iron
articles having the composition set forth in Table
1, and particularly cast iron articles having a
large section size of at least about 5 inches and

having the foregoing'cq_mposmons.
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The process provided by the present invention
is applicable to cast iron made in any suitable
melting medium, including the cupola, air fur-
nace, rotary furnace, crucible furnace, electric
furnace and open hearth and various combina-
tions of two or more furnaces. The latter prac-
tice, often called duplexing, is advantageous
where carbon contents below about 2.4% are de~
sired and it is desired to use the cupola initially.
Duplexing is ususlly carried out in an electric
furnace, open hearth or converter. The cupola
possesses the disadvantage, not encountered with
other melting media, that the attainable carbon
level and control band at any given level is dir-
flicult. Consequently the use of the cupola re-
quires special control as will be pointed out here-
inafter. The composition of the charge must be
adjusted to suit the particular furnace character-
istics as is well known to those skilled in the art.
Thus, a cupola charge may require about 50%
or 80% steel scrap whereas an equivalent charge
in an air furnace might not require more than
about 15% steel scrap. )

We have discovered that the micro-constit-
uents in a high-carbon low-silicon cast iron are
less stable than in a lower-carbon higher-silicon

~cast iron of equivalent structural composition.
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‘The present invention aims at lower total carbons
and higher silicon contents than usually recom--
mended. The carbon and silicon content and
ratio must be correlated with the section size of
the final cast product and the desired properties.
When castings of varying section sizes are to be
made, the predominant section should govern the

" selection. In general the carbon content and the

silicon content should decrease as the section size
increases. Preferably, the carbon and silicon
contents and ratios are maintained within the
approximate ranges indicated in Table II for the

particular section size. The composition of in-

termediate or larger section sizes should be ad-

Justed accordingly.

Table I1
. Percent | Percent
Section size in inches total car- | silicon
bon range | range

3.05-3.4 2.25-3.25
2.75-3.2 2.0 -3.0
2.50-3.0 1.75-2.75
2.45-2.9 1.25-2.50
2.2-2.7 1.25-2.25
2.0 -2.35 | 1.25-2,25
1.8 -2.15 | 1.25-2.25
1.7 -2.10 | 1.25-2.25
1.7 -2.05 | 1.25-2.25
1.8 2.0 1.25-2.25
1.6 -1.95 | 1.25-2.25
1.55-1.9 1.25-2.25
1.5 -1.85 | 1.25-2.25

It should be noted that small variations in carbon
content have much greater effect upon the prop-
erties of the final product than variations of three

-to five times as much in the silicon content. The

present invention involves wide control ranges
for silicon and narrow control ranges for carbon
as compared with prior practices based on narrow
control ranges for silicon and wide control ranges
for carbon. .

It is an essential requirement of the present
invention that the composition of the cast metal
have a partially austenitic but not wholly aus-
tenitic “as cast” microstructure. The austenite-
retaining elements nickel and molybdenum must
be co-present in special proportions in order to
assure the desired “as cast” partially austenitic
microstructure which can be transformed by a
low temperature transformation draw. Fig. 1
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shows the effect of nickel and molybdenum upon
sand cast standard arbitration bars of a typical
high strength base composition (2.5% total car-
bon and 25% silicon) produced in accordance
with the present invention and given a low tem-
perature transformation draw at 600° ¥, The
effect of low alloy additions (below the broken
curve A) is to produce alloyed pearlitic cast irons
having fairly high tensile strengths of about
50,000 pounds per square inch and more. Nickel
and molybdenum contents which are above the
broken curve A produce a cast iron which in the
“as cast” condition is characterized by an acicular
structure containing retained austenite, 1. e., a
partially austenitic structure, which upon heat
treatment at low temperatures is transformed to
an acicular microstructure to produce a cast iron
that has consistently exhibited tensile strengths
of at least about 85,000 and often of about 980,000
to 105,000 pounds per square inch in the standard
arbitration test bars.  The transition from the
pearlitic to the acicular structure indicated by
curve A is gradual rather than as sharp as plotted
on the graph in Fig. 1 for the sake of simplicity.
The minimum amount of the alloylng elements
nickel and molybdenum required to produce a
partially austenitic and partially acicular struc-
ture in the “as cast” condition is an inverse func-
tion of the cooling rate through the austenite
transformation range. The co-present amounts
of nickel and molybdenum to be incorporated in
the cast iron are dependent on the level of prop-
erties desired in the final product as indicated in
Fig. 1 and on the cooling rates encountered in
the particular method of founding or molding.
As is well known, the section size of a casting has
an important bearing on the cooling rate. In
general, the greater the section size, the slower
the cooling rate under similar conditions. Ae-
cordingly, as the section size increases, curve A
of Fig. 1 will be displaced to higher alloy contents.

In general, the nickel content falls within the

range of about 1% to about 6% and the molyb-
denum content falls within the range of about
0.2% to about 1.3% or 1.5%, the nickel and
molybdenum contents within said ranges being
larger the greater the section size of the final
cast product. For any given section size, it is
preferred either to use low nickel contents with
high molybdenum contents or to use high nickel
contents with low molybdenum contents, par-
ticularly the latter, the nickel and molybdenum
contents jointly rendering the final casting par-
tially austenitic in the “as cast” condition for the
desired section size.

In actual practice it is preferred to maintain
the nickel and molybdenum contents within the
approximate ranges given in Table IIT for the
desired section size. The composition for inter-
mediate or larger section sizes should be adjusted
accordingly.

Table 111
. Molybde-
NN Nickel
h -
Section in inches percentage n;gnt ;’;é
1.0-1.5 0.3-0.2
1.0-1.75 0.4-0.3
1.0-2.0 0.6-0. 4
1.52.5 0.6-0.4
2.0-3.0 0.7-0.5
2.5-3.5 0.7-0.5
3.0-4.0 0.8-0.5
3.0-5.0 0.9-0.6
3.0-5.0 1.0-0.7
3.0-5.5 1.1-0.8
3.0-6.0 1.3-0.8

10

15

20

25

30

35

40

45

50

55

60

70

-x
ot

2,334,322

In genersal, the nickel and molybdenum con-
tents are larger the greater the average or pre-
dominant section size of the final cast product.
When the desired level of properties is high
and/or the cooling rate slow, the alloy content
should be toward the maximum values given for
nickel and molybdenum. When the desired level
of properties is only moderately high or the
cooling rate fast, then the alloy content may be
toward the minimum values given for nickel and
molybdenum, The important cooling rate is in
the temperature range from about 1500° F. to
about 400° F. When the cooling rate in this
temperature range is about 275° F. per hour, the
rate Is considered fast while at 125° P. per hour
the rate is considered slow. Accordingly, when
the molten metal is to be cast in chill molds the
alloy content should be less than when cast in
sand molds. The usual practice is to cast in
sand molds. It has been found that the maxi-
mum beneficial effect of molybdenum additions
in average section sizes is obtained when the
lower amounts of about 0.3% to about 0.8% are
used, Incidental improvement in strengths above
this amount are not very marked. In Table IV
the effect of increasing molybdenum contents is
clearly illustrated on arbitration bars subjected
to a low temperature heat treatment after
pro?;ssing in accordance with the present in-
vention.

Table IV
Molyb-| Tensile
Cast iron No. Nickel denum | strength Structure
Per cent| Per cent| P.s. 11
) S 1.0 0.3 72,200 | Pearlitic.
2 1.0 0.8 95,000 | Acicular.
B 1.0 1.3 98, 000

1 P. s. L.==pounds per square inch.

Cast iron No. 1 did not contain sufficient alloy-
ing elements to produce the required sacicular
constituent and did not respond to the low tem-
perature draw. The greatest improvement in
strength is obtained by increasing the molyb-
denum from 0.3% to 0.89%. Increasing the
molybdenum content a like amount to 13% re-
sulted in only a comparatively small increase in
strength for this particular section size. .

A chemical composition which would develop
the optimum properties for a large section, say
30 inches, would not be very suitable for use in
a small section, say 2 inches, In general, it may
be stated that the composition which will pro-
duce optimum properties for a specific section
will produce lesser values for either lighter or
heavier sections. However, it is also true that
with the proper composition for the specific
section size, the optimum properties attainable
are lower in very heavy sections than in very
light sections because of mass effects.

It has been pointed out that the desired “as
cast” miecrostructure is acicular with some re-
sidual austenite. Carbide-forming elements, such -
as chromium, offset the stabilizing effect of the
austenite-retaining elements and are therefore
undesirable when the highest possible strength
level 1s desired. Thus, the maximum Permissible
amount of chromium in very heavy sections is
about 0.25% when maximum strength properties
are the primary consideration,

Melting technique
High quality cast iron may be obtained with
equivalent ease in open-hearth, electric, air
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rotary and crucible furnaces or by duplex proc-
esses and little difficulty is obtained in producing
the molten metal having the desired composition
-when tapped. The cupola process does have &
difficulty not encountered in other processes in
that carbon control is more difficult in this proc-
ess. The satisfactory production of high quality
cast iron having the selected chemistry or com-
position requires the selection of suitable mate-
rials for the charge, etc., and requires suitable
melting equipment under the supervision of a
skilliful operator sufficiently experienced to keep
the chemistry of the cast iron within the allow-
able tolerances during the melting process and
at the proper temperatures. ‘The aims of the
melting technique should be to produce molten
cast iron at the spout with the desired low carbon
contents at a high temperature. The alloying
elements including nickel and molybdenum may
be added in any suitable form and at any con-
venient time that is in accordance with good
cast iron practice. It is preferred to add the
molybdenum and nickel in the furnace,

Ladling and metal handling

It is a preferred and rather important function
of the metal handling and ladling technique to
provide properly conditioned molten metal at the
molds at a high temperature in excess of about
2575° F., prefersbly 2650° F. or higher. To ac-
complish this the spout and ladle should be pre-
heated, e. g., to practically white heat. In foun-
dry practice, it is common to re-ladle iron from
one to four times and when this is done with
ladle treated irons the flnal metal temperature
may be low. Preferred practice is to preheat
ladles to 2600° F. or more and work towards
dispatch in the metal handling system. The pre-
ferred furnace temperature is dependent on the
temperature losses Incurred in the metal han-
dling operations. Metal temperature losses may
be as little as 50° F. when handling large masses
of metal in one ladle which has been filled in a
very short time or as much as 450° F. when han-
dling small masses with re-ladling. Even in very
large ladles the temperature loss may be as high
as 10° F. per minute, with more than 50° F. per
minute in very small ladles, so it is preferred
that the metal handling operations be synchro-
nized towards getting metal into molds at high
temperatures, preferably 2650° F. or higher.
Cold ladle additions also result in a temperature
drop and should be restricted to those additions
which cannot be economically added to the
charge, e. g., vanadium, or whose effectiveness
depends on being added to the ladle. On the
average, every 1% of cold ladle addition results
in a temperature drop of about 30° F. It is pre-
ferred to restrict the maximum cold ladle addi-
tion to less than about 1.5% of the molten metal.

Ladle inoculation

An essential operation of the present process
is an inoculation treatment of the molten metal,
preferably in the ladle. The molten cast iron
prior to inoculation should be gray if cast at that
time. That is, the purpose of inoculation is not
to convert a white cast iron (or a mottled cast
iron) to a gray cast iron by the addition of large
amounts of graphitizers which reduce the com-
bined carbon content of the cast iron by pre-
cipitating the carbon in the form cof graphite.
The present process, on the contrary, uses small
ladle additions of silicon-containing inoculants
such as ferro-silicon, calelum silicide and other
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alkaline earth metal silicides, silicon carbide,
zirconium-silicon, and the like. The higher the
specific gravity of the material used as an inocu-
lant the more practical it is in use. Ladle inoccu-
lants of an exothermic nature, probably due
either to reactions of metalloids with air at the
surface of the metal or with oxides contained
in the inoculant or melt, often form slags on the
metal which should be skimmed from the metal
before castings are poured. The addition of about
0.2% to about 1.0%, preferably about 0.3% to
about 0.75%, of silicon as an inoculant has given
satisfactory results. About 0.5% silicon as 50 to
97% ferro-silicon has given very satisfactory
results. When possible, the solid inoculants are
preferably of about one-quarter to three-quarter
inch mesh, although finer meshes may be used.
Thus, for example, when the mass of metal
treated is approximately 2000 pounds or more,
a preferred inoculant is the well known 50%
grade of ferro-silicon of about one-quarter to
one-half inch mesh. When the mass of metal
treated is less than approximately 2000 pounds,
the preferred inoculant is the well known 75%
grade of ferro-silicon of about one-quarter to
one-half inch mesh. When alloys in addition
to ferro-silicon are added in the ladle, it is some-
times desirable to use the 75% grade of ferro-
silicon in preference to the 50% grade in order
to decrease the loss of metal temperature due
to ladle additions. Upon occasion it may be
desirable to use the 90% grade of ferro-silicon.

We have found that by adding the inoculant
shortly before casting, usually in the ladle, the
risk of dendritic graphite is avoided and ran-
domly or uniformly distributed, medium-size to
fine graphite flakes obtained in the final product.
The small additions of the silicon-containing
inoculants are believed to produce randomly dis-
tributed graphite flakes of medium to fine size
not at the time of addition, but while the casting
is cooling through the solidification range. The
combined carbon content Is not lowered but is
apparently maintained at or near the eutectoid
value by these additions.

The aluminum content of inoculants is impor-
tant and it is preferred that the inoculant con-
tain about 1.5% and more of aluminum. The
beneficial effect of aluminum on cast iron is more
pronounced when added in the diluted form, for
example, as a constituent of ferro-silicon, than
when metallic aluminum is used. When the
residual aluminum content in cast iron increases
from small but effective amounts up to about

0.1%, the grain fineness of the iron increases.

Most ladle inoculants contain appreciably high
percentages of dissolved gases, for example,
nitrogen. It has been found that when the
temperature of the metal in a treated ladle ex-
ceeds about 2700° F. the resulting castings are
free from gas inclusions, but that when the tem-
perature Is appreciably less, pin holes and other
gas inclusions occur, increasing in amount with
lower temperatures.

Casting and molding

It has been stated hereinbefore that in best
practice it is preferred that the metal be poured
into the molds at high temperatures. Satisfac-
tory results are obtained with casting tempera-
tures, as distinguished from superheating tem-
peratures, of at least about 2575° ¥, and up to
about 2800° F. Preferably, metal casting tem-
peratures of about 2650° F\. to about 2725° F. are
used. Higher strengths and other properties are
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related to the pouring temperature, speed of
pouring and ferrostatic pressure. Thus, a bar
of cast iron having the desired composition and
poured at 2650° F. to 2725° F. showed a tensile
strength, as cast, of about 75,000 pounds per
square inch whereas another bar cast from metal
from the same melt and same ladle but poured
at 2500° F. showed a tensile strength, as cast, of
only about 50,000 pounds per square inch.

The speed with which metal is poured into
molds is an important consideration and should
be the fastest practical. When the hot metal
fllls the mold rapidly the lowest possible ther-
mal gradient exists between the various compo-
nent parts of the casting and the lowest amount
of internal strain is developed. Fast pouring
speeds lessen the temperature differential exist-
ing in varlous parts of the mold and decrease the
detrimental effects of localized hot spots in the
mold. Castings are obtained with the least pos-
sible internal strain and exhibit the lowest tend-
ency to show shrinkage in light sections while
heavy sections are free of shrinkage.

Another preferred feature of the present in-
vention is the use of high ferro-static pressures
which should preferably exceed about five pounds
per square inch. When the metal is poured rap-
idly at high temperatures the msajor portion of
the metal filling the mold cavity is still fluid after
the mold is filled, thereby permitting regulation
of the height of metal above the uppermost part
of the casting in the cope of the mold. This
practice affords a means of-regulating the amount
of ferro-static pressure. Whenever practical,
the height of riser above the uppermost part of
the casting should exceed about 20 inches which
is equivalent to about 5 pounds per square inch
of ferro-static pressure. It has been found that
a high ferro-static pressure is particularly effec-
tive in reducing the length of the graphite flakes
in the casting and in producing metal of maxi-
mum density.

The treated molten cast iron may be cast in
any suitable type of mold, for example, chill or
permanent molds, sand lined chill molds, dry
sand molds, ofl sand molds, green sand molds,
cement bonded molds, etc. As is well known to
those skilled in the art the cooling rates of the
metal being cast will depend to a considerable

extent upon the type of mold used, and accord-

ingly, as pointed out hereinbefore, the composi-
tion should be correlated with the rate of cool-
ing for any particular type of mold. In addition
to exercising good molding practice, e. g., good
sand control, the castings should be gated for
quick pouring, and adequately risered.

Heat treatment

It has been found that the strength of cast
irons produced in accordance with the present
invention are markedly improved by a draw
treatment or tempering treatment at tempera-
tures below about 800° F. without a prior quench-
ing operation. According to the present in-

vention, a cast iron is produced which in the

solidifled “as cast” condition is characterized by
a transformable partially austenitic microstruc-
ture containing an acicular constituent. A cast-
ing having this “as cast” microstructure possesses
markedly improved tensile properties «fter being
subjected to a low temperature heat treatment
helow about 850° or 800° F. and above about 350°
F. for a period of time rangmg from about one
hour to about 100 hours to transform the aus-
tenite in the casting to an acicular constituent.
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It is preferred that a low temperature not ex-
ceeding about 800° F. be used. Thus, a treat-
ment for 3 hours at about 1100° F. resulted in
over-tempering as exhibited by practically com-
plete sorbitization of the acicular structure. The
time at heat treating temperaturc will ordinarily
be longer the larger the section size of the cast-
ing. An empirical rule which has given satis-
factory results in estimating a suitable heat treat-
ing time is that the total heat treating time is
equal to about one hour for each inch of thick-
ness or section size. It is preferred to increase
the heat treating time estimated in accordance
with this rule an additional interval up to about
5 hours or 10 hours or even more. Thus for a
30-inch roll the heat treating time may be of
the order of about 35 or about 40 hours. In gen-
eral it is desirable to over-estimate the heat
treating time rather than to urder-estimate the
time. Arbitration bars having tensile strengths
as high as 105,000 pounds per square inch have
been obtained by proper selection of chemistry,
correlation with section zize, ladle inoculation,
and casting and molding conditions followed by
the low temperature draw or tempering treat-
ment and it i1s believed that the maximum
strength level may be as much as or more than
150,000 pounds per square inch. Tensile
strengths corresponding to at least about 85,000
pounds per square inch and often in excess of
about 90,000 pounds per square inch in arbitra-
tion bars are readily obtained by subjecting the
castings to a low temperature draw treatment
at temperatures of about 500° F. to about 700°
F, for about 5 hours to about 15 hours for smaller
sections and as high as about 75 hours for 30
inch sections. Larger sections may require still

-longer heat treating periods. The proper low

temperature draw treatment has increased the
tensile strength as much as 30,000 pounds per
square inch, and usually at least 10,000 pounds
per square inch, above what it was “as cast.” If
the highest possible tensile strengths are desired
then as much as possible of the austenite is

5 transformed to the acicular structure by means

of the low temperature draw treatment but if
highest possible impact resisiances are desired,
then some residual austenite should be permit-
ted to remain in the microstructure. The low
temperature heat treatment is a preferred step
in the process when the highest tensile values
combined with moderately high impact values
are desired. The wide flexibility in tensile
strength values and impact resistance values
permits a producer of cast iron using the present
invention to make castings such as crankshafts,
in which high values of- tensile strength must be
combined with high values of impact resistance.
Heretofore, cast iron crankshafts have been made
according to specifications for tensile properties
but such specifications did not include a value
for impact. Consequently, the art concentrated
on higher tensile values whereas 1n this particu-
lar application, i. e, cast crankshafts, the im-
portance of the impact resistance value may far
outweigh the tensile value desires of the art, so
that a sacrifice in tensile values to obtain maxi-
mum impact resistance values may be desirable.
Under certain circumstances where maximum im-
pact values are the primary consideration it may
be desirable to use the high quality cast iron
products in the as cast condition. Where maxi-
mum hardness is desired, the composition is ad-
Justed to give A maximum of low temperature
transformation product. '
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The term “heal treatment” as applied to cast
iron hag generally referred to an annealing treat-
ment either to break down the combined carbon
in white cast iron to temper carbon, or to relieve
the stresses in a casting, 1. e, stx‘ess relief an-
nealing. As used in the present specification,
“heat treatment” refers to neither of the afore-
said treatments, nor to & treatment which might
comprise heating the metal above the critical
temperature, say 1500° to 1550° ¥., from which
temperature it would be quenched. The low tem-
perature heat treatment contemplated by the
present invention eliminates the necessity for 2
quench treatment and eliminateg the hazards of
heat treatment. When intricate castings are
subjected fo complicated heat treatments involv-
ing a quench operation they are often defective
due to cracks, etc., and in many cases the cast-
ings break up intoc many pieces. The cast irons
provided by the present invention do not require
a quench prior to a tempering or drawing treat-
ment, & feature which is of great value particu-
larly in large section sizes, or in intricate cast-
ings, thereby eliminating the great tendency to
crack, etc., due to stresses set up by quenching.
" In addition, the elimination of the quench treat-
ment greatly simplifies the heat treatment and
removes the practical difficulties encountered in
- attempting to quench large castings. The low
temperature heat treatment of the present in-
vention differs from the ordinary conception of
heat treatment in that the initial cooling rate is
obtained in the mold and not by quenching or the
like and that the tempering treatment does not
. require special furnaces not ordinarily part of
foundry equipment and does not require high
temperatures. Any means of accelerating the
initial cooling rate-of the casting between the
time of casting and its first approach to room
temperature by such obvious means as “chili
casting” or removing the casting from the moid
while red hot and then air cooling is within the
contemplation of the present invention. The low
temperature heat treatment is readily carried out
in the ordinary core ovens and mold drying ovens
available in most foundries.

Microstructure

The unetched microstructure of the high qual-
ity cast irons of the present invention shows a
random distribution of small graphite flakes.
The “as cast” etched sections are characterized
by & microstructure which includes the acicular
constituents and austenite. These two basic
constituents of the microstructure may be present
in varying amounts, i. e., there may be a rela-
tively large amount of austenite and a relatively
smaill amount of the acicular constituent when
the amount of nickel and molybdenum slloying
elements are high and/or the cooling rates are
fast, or the microstructure may show a relatively
large amount of the acicular constituent with =
relatively small amount of austenite when the
amount -of nickel and molybdénum alloy ele-
ments are lower and the cooling rates are slower.
The impact resistance of the vresent high quality
cast irons is at the ultimate when the maximum
amount of austenite is present. The low tem-
perature draw treatment may be carried out for
such a period of time and at such a temperature
that the microstructure is fully converted to an
aclcular structure or the low temperature draw
treatment may be so controlled that the micro-
structure is not fully converted to the acicular
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tion of properties, especially tensile strength and
impact resistance. Thus, in the fully acicular
structure there is substantially no pearlite, sor-
bite or austenite present. The impact resistance
agsoclated with a fully acicular structure is still
of a very high order when compared with pearlit-
ic or pearlitic-ferritic microstructures. For ex-
ample, in a highly alloyed and quickly cooled
microstructure having a large amount of aus-
tentite Iin the microstructure, the impact re-
sistance might be as much as 120 foot pounds

jor more, whereas the impact value of the same
fron after the draw treatment to give a fully

acicular structure might be of the order of about
70 to 80 foot pounds. The magnitude of the im-
pact value of ordinary cast iron containing some
peariite is of the order of about 20 to 30 foot
pounds and that of a fully pearlitic cast iron
would be of the order of about 30 to 40 foot
pounds. :

More specifically, the “as cast” structure under

" the microscope appears to comprise alpha needles

30

40

45

5C

-85

60

65

70

in & matrix of austenite with martensitic mark-
ings. . With high alloy contents, the alpha.
needles become few in number and the entire
structure has an austenitic-martensitic appear-
ance. After the low temperature draw the alpha
needles begin to lose their sharpiy acicular char-
acteristics. Some of the austenite is trans-
formed during this treatment. It is believed
that the increase in strength is due to this trans-
formation combined with a matrix adjustment.

No great hardness increases take place with the
low temperature heat treatment. At tempera-
tures above about 800° F., e. g., at 1100° P,, the
acicular structure loses its identity, although in
some areas, ferrite needles may remain.

It is to be clearly understood that the final
microstructure is substantially devoid of pearlite
and sorbite and is primarily acicular but may
contain some austenite and related transforma-
tion products of higher order than sorbite.

The acicular constituent referred to herein has
been given various names in the past such as
“troosto-martensite,” “intermediate structure,”
“pseudo-martensite,” “acicular troostite,” “acicu-
lar constituent.” “bainite,” etc. While its nature
is as yet somewhat problematical, it is readily
distinguishable from true martensite by its etch-

ing characteristics, its appearance and its differ-

ence in hardness.
Propertics

Cast iron has been evalusted mainly on the
property of temsile strength but other properties
may be as important or more important than
tensile strength in the selection of this material
for varicus applications. The cast irons provided
by the present invention are more properly
termed high quality cast iron than high strength
cast iron since tensile strength is not necessarily
indicative of the high resistance to impsact or
high resistance to mechanical wear or other high
properties possessed by the casi irons obtained
in accordance with the present invention. The
presenf moderately alloyed cast irons possess ex-
cellent machining properties, high resistance to
mechanicel wear, etc., at a greatly increased
strength level wi’a'h outstanding properties in high
faiigue strength, Increased hardness while re-
taining good machining qualities, uniformity of
hardness throughout metal sections, high resist-
ance to impact, high torsional strength, high
compressive strength, high strength at elevated
© temperatures, high resistance to heat checking

structure depending upon the desired combina- 75 or thermal shock, high vibration damping. prop-
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erties, high modulus of elasticity or Young’'s mod-
ulus, increased rigidity, increased total deflection
_before failure, etc. As will be readily under-

stood by those skilled in the art, these various
properties will not all be at the highest levels
under one set of conditions. Thus, the property
of impact resistance is highest when the micro-
structure retains some austenite in the acicular
matrix whereas the tensile strength is highest
when substantially all the residual austenite is
transformed into the acicular constituent. That
is, the high strength fron may be so treated to
give highest impact resistance at a reduced
strength level or to give highest tensile strength
at a reduced level of impact resistance. In like
manner certain desired maximum properties
may be obtained at slightly lower levels for other
properties, but in general the cast irons provided
by the present invention possess a markedly im-
proved’ combination of properties at high
strength levels. It is to be understood that when
tensile strengths of at least about 85,000 pounds
per square inch are referred to in the present
application, these values relate to arbitration
bars and are only given as an illustration of the
high properties obtainable under standard con-
ditions and that other improved high properties,
e. g., high impact resistance, may be obtained
at somewhat lower strength levels where desired.

In general, most technical data on the physical 3

properties of cast iron are obtained from cast
arbitration bars of relatively small cross section,
usually 1.2 inches in diameter. Such data are
of some value for comparative purposes but do
not accurately represent the properties of large
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graphite occurrence is no{ accurately repre-
sentative of the heavy sections and that the cool-
ing rates of various large castings are not read-
ily available or easily ascertained. Another
method has been to obtain specimens from heavy
sections by means of a hollow 4rill, {. e., trepan-
ning, but this method involves destruction of a
large casting or sampling from an undesirable
location, e. g., a riser, and there is no precedent
for comparison of the properties obtained.

The cast irons provided herein having tensile
strengths as cast of about 70,000 to 80,000 pounds
per square inch, in standard arbitaration bars
of 1.2 inch section, which are raised by low tem-
perature heat treatment to values In excess of
about 85,000 pounds per square, often about
90,000 to 105,000 pounds per square, with corre-
sponding Brinell hardnesses of about 310 to about
410, or even more if desired. Tables V and VI
give illustrative examples of cast irons produced
in accordance with the present invention and of
the high tensile strengths possessed by the high
quallty cast irons.

Table V
[

Cast iron No. %T.C.%C.C.| %8l | %N | %Mo
231 076! 23] Lo4| 081
230 | 0.75) 234] 03| 138
228! 074| 23| 2.08| 0.83
23 | o77| 232| 20| 13
2.33| 073 23| 300 0.3t
225! 060 23| 3.08| 0.8t
22| 070| 28] 408] 0.3
217 | 264 | L27| L1

%, C. C,=percentage combined

9% T.C= pereenta('ze total carhon.

sections, It Is generally considered that the carbon.
) Table VI
As cast Properties after heat treatment for 5 hours
Cast .
Iron At 500° F, At 600° F. At 700° F.
No. B H.N.| T.5.
B.H.N,| T. 8 [B.H.N,| 7.8, [B.H.N,| T.8
........ 3211 95000 . ... |...._...
........ 340 | 98,000 97,200
95, 600 364 1 97,600 321 [o._.....
........ 382 {198, 000 387 1 89,200
375 88,000 V... (... .
,,,,,,,, 387 1108, 200 395 | 105, 200
e e 412 192,200 j.. o foaao..s
92,200 ... F N S
1. 8.=tensil strength in pounds Evr square inel.
B. 3. N.=Brinell hardness number,

1 15 hourfdraw at indicated temperature.

physical properties improve with decreasing sec-
tion size. However, it is possible in the present
invention to obtain optimum properties in a spe-
cific section and lesser values in either lighter or
heavier sections by proper conirol of com-
position, etc. For purpose of illustration and
comperison, the tensile strengths referred to in
the present invention are based mostly on tests
on standard 1.2 inch diameter cast arbitration
bars, but the improved high properties of the
cast irons provided by the present invention over
other cast irons have been confirmed by actusal
large castings. In certain applications the sec-
tion size of cast iron products may be 25 to 40
times the section size of the arbitration bars.
Other methods have been attempted to obtain
physical property data representative of heavy
sections. One method has been to cast small di-
ameter bars which are cooled at controlled rates,
from high temperatures, to approximate condi-
tions existing in heavy sections but this method
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Melting in the cupola

It has been pointed out hereinbefore that cast
iron made by the cupola process presents the dif-
ficulty that the attainable carbon level and con-
trol band at any level {s more difficult. How-
ever, & major portion of the gray iron castings
produced is by the cupola process. It is pre-
ferred that a special melting procedure be used
in the manufacture of the high quality cast iron
by the cupola process. This preferred process
provides for complete control of the charge make-
up, the melting procedure and the tapping se-
guence in cupola operation.

Although steel has been used in the cupola
charge, usually in amounts greater than 60% of
the charge, f{o aid in obtaining lower carbon cast
irons than would be possible if the cupola charge
containing no steel, it has not been clearly recog-
nized that the use of steel in the charge is only
one of a number of factors involved in attaining

often suffers from the disadvantsge that the 7§ definite or low percentages of carbon in cast iron.
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Furthermore, unless the steel content of the
cupola charge is controlled within reasonable lim-
its the foundry is not able to recirculate all gates,
sprues, risers and scrap castings from previous
heats back to the cupola charge so that the costs
of the process are increased. In most foundry
areas, steel scrap is more costly than other usable
materials, and if used in greater amounts than
the minimum required, adds to the cost. Steel
scerap is also deficient in one of the essential ele-
ments of cast iron, silicon, so that the use of ex-
cessive amounts of steel scrap in the cupols
charge also adds to the cost by requiring exces-
sive amounts of silicon replenishment. The pre-
ferred procedure contemplated herein permits
the use of lower amounts of steel scrap then is
normally used.

The cupola charge includes metals and alioys,
coke, and flux. The metal charge is limited by
size of pieces and percent of steel scrap or low
carbon iron to be used. The longest dimension
of any metal piece should be less than about one-
third of the effective diameter of the cupola.
This provides quick and simultaneous melting of
the charge and more uniform analyses. The
steel scrap should not be more than about 60%
of the charge.

The type, size and amount of coke used are im-
portant factors in carbon control. A hard, dense,
high ash coke should be used to give a strong bed
and a minimum of carbon solution in the iron,
i. e., a low solubility rate coke. There are many
suitable. cokes available such as the coke sold un-
der the trade name of “Special A. B. C.”. Only
sufficient amounts of a low solubility rate coke
should be used to produce the required tempera-
tures of about 2700° F. to 2900° F., e. g., 2825° F.
to 2850° F. .Coke sze should be close to one-
twelfth the effective diameter of the cupoia.
The iron to coke ratio shouid be 10:1 with no
steel scrap, 9:1 with about 20% steel scrap, 8.5:1
with about 40% steel scrap, and 8:1 with about
60% steel scrap in the charge. The weight of
coke charges should be such that the in-between
coke layers are not greater than about 5 inches
in depth and the weight of individual metal
charges should be governed by this coke weight.
This procedure gives a more constant bed height
due to more frequent replenishment than when
the usual heavy charges are used, and therefore
a greater depth of incandescent coke and im-
proved melting.

A pure limestone flux is preferred in amounts
equal to about 30% to about 4C% of the coke
charge.
insulates the metal in the well from the cooling
currents of the blast and serves as a filter for iron
entering the well.

The objectives of the melting procedure are to
obtain iron at the cupola spout with the lowest
carbon content and at the highest temperature
for any given charge. In the preferred procedure
a low water content green sand is used for the
cupola bottom. Next, an incandescent coke bed
is obtained by lighting up a small portion, about
one-quarter of the bed coke first and then
charging the remaining quarters only after the
preceding quarter has become white hot. This
should be done with natural draft. When the
bed is burned through and of the correct height,
depending upon the wind box pressure as illus-
trated in Table VII, the charging is done quick-
1y in the following sequence: bed flux of about 3
to about 4 usual flux charges; metal charge of
steel, alloys, scrap, etc.; coke charge; flux

This forms a protective slag which both ;
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charge; etc. Without soaking the charge, which
would increase carburization and sulfur pick-up,
the blast then is raised at once to the correct
pressure. The correct blast pressure and coke
bed height relationship gives the fastest melting,
lowest carbon, and hottest iron.

Table VII
Pressure, In ounces  per
square fnch. ... _....... 4] 8112|1620 24|28}32]306
Minimum hed, in inches
ahove tuydres..______._. 21{30(38]42{47{62]656]|60]|63
Recommended bed, in
inches above tuyéres...._| 27 | 36 | 42 | 48 | 63 | 58 69

62 | 66

The molten iron should be removed from the
cooling and carburizing conditions present in the
cupola well as soon as possible and this is ac-
complished by frequent and well-timed tapping,
or by a calibrated tap hole, or by using a front
slagging spout. The first method is to alter-
nately tap and bot the cupola, allowing the metal
to accumulate in the cupola. The second method
stores a fixed head of metal in the cupola while
metal flows continuously through the tap hole.
The third method is to allow the metal to flow
continuously through the tap hole without ac-
cumulating any storage of metal in the cupola,
which is accomplished by means of a special
tap spout known as a “front slagging spout” or
a “syphon spout.” The front slagging spout
method of tapping a cupola is well suited to the
production of high quality cast iron. When the
method is alternate tapping and botting of the
cupola, the tapping sequence may be frequent
enough to approximate 30 taps per hour. The
sequence of tapping may be speeded up to about
40 or slowed down to about 10 taps per hour
depending on conditions, such as the desired
carbon level, the relationship of the tap hole
diameter to the melting rate, the size of ladies
used, etc. The molten metal obtained from the
cupola is then subjected to the same processing
as described hereinbefore.

HNlustrative example

In order that those skilled in the art may
have a better understanding of the present in-
vention the following example is given to illus-
trate the production of a medium size roll 30
inches in diameter made of the high quality
cast iron provided by the present invention. A
roll of such diameter might be used in g three
high mill for rolling various shapes, such as
angles, channels and T’s. Such a roll might
have a body length as short as about 30 inches
or as long as about 60 inches and would have
necks cast on both ends. Wobblers might be
cast on either one or both necks. In general,
rolls and other articles produced in accordance
with the present invention are not characterized
by the usual chill layer present in many rolls
and the like produced by other methods.

In selecting the composition for the 30-inches
diameter roll, a suitable carbon content is about
1.7% to about 2.05%, as indicated in Table II.
The desired carbon content within this range
is preferably about 1.85% to about 1.95%. The
co-present silicon content is selected within the
range about 1.25% to about 2.25%, preferably
about 1.8% to about 2.0%. Provision is made
to tap the molten metal from the furnace with
about 1.3% to about 1,5% silicon, a subsequent
ladle addition of approximately 0.5% silicon as
ferro-silicon bringing the total silicon content up
to the desired amounts. As indicated in Table
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IIT, a suitable nickel content for the roll is about
3.0% to about 5.0%, and preferably about 3.25%
to about 3.75% nickel. A suitable molybdenum
content is about 0.6% to about 0.9%, the pre-
ferred amounts being about 0.7% to about 0.8%.
It is a common occurrence in the roll industry
to have chromium-bearing scrap and accord-
ingly the specifications on the chemistry or com-
position of the roll provide for a maximum of
about 0.25% chromium.

In the present example, the charge is to be
melted in an air furnace (reverberatory type
furnace) but any other suitable melting furnace
might be used, for example, an electric furnace,
an open hearth furnace, duplexing between cu-
polas and electric furnaces or air furnaces, etc.

In calculating the furnace charge provision is
made for losses of carbon, silicon, manganese,
ete., as determined from the melting loss char-
acteristics of the specific furnace with its par-
ticular method of firing. For example, when
the desired carbon in the tapped metal is about
1.85 to about 1.95% and the furnace character-
istic loss in melting is about 0.6% carbon, the
ingoing carbon content of the charge should be
about 2.45% to about 2.55%. A suitable furnace
charge might be comprised of scrap rolls, some
steel scrap and some pig iron, the amounts of
these charge components depending on the com-
position of the scérap materials available with
each specific producer, e. g., the scrap roll charge
might be about 50 to 60% of the charge, the steel
component about 15 to 20%, and the balance
pig iron. However, satisfactory charges have
been melted where no scrap rolls have been avail-
able, for example, a charge made up of approxi-
mately equal quantities of pig iron and steel
SCIap.

The ladle to receive the molten metal should
be preheated and the probable metal tempera-
ture Joss due to ferro-silicon inoculating addi-
‘tions and ladle radiation losses checked. The
loss of temperature due to the ferro-silicon ad-
ditions might be of the order of about 30° F. and
the loss of temperature due to other causes might
be at the rate of about 10° F. per minute or
more. A representative value for the total metal
temperature losses is about 100° to 150° F. be-
tween the temperature at the tap spout of the
furnace and the mold. Thus in order to pour
the molten metal from the ladle at a tempera-
ture of about 2650° F., the metal in the furnace
should be tapped at a temperature of about 2750°
F. to about 2800° F. for the particular conditions
set forth. When the furnace is tapped at the
proper temperature, about 0.5% of silicon is
added as ferro-silicon to inoculate the molten
metal, the inoculant being added to the metal
in the furnace spout as the metal flows towards
the ladle.

‘When the ladle is filled, it is poured with the
least possible delay between tapping and pour-
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Ing into the mold. A roll of the size contemplated -

herein would weigh between 10,000 and 20,000
pounds, depending upon its length, and the pour-
ing speed would be about 60 to about 90 seconds.
By pouring speed is meant the time from the
beginning of pouring until the mold is com-
pletely filled. It is desirable practice to pour
rolls through a bottom swirl gate and completely
fill the mold with all the metal required to make
the casting plus sufficient metal to form a riser
for feeding purposes, etc. It is recommended
that bottom pouring be discontinued when metal
reaches the riser portion of the mold and that
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the balance of the metal be poured from the
ladle into the riser in order to have the hottest
metal therein.

A 1toll of the size described takes about 12
hours to cool to about 1500° F., at which tem-
perature all portions of the mold are removed
thereby accelerating the cooling rate down to
below 500° F. or less. The roll is then subjected
to a heat treatment at temperatures between
about 500° F. to 700° F., preferably about 600°
to about 650° F.,, for about 35 to about 75 hours
and then furnace cooled, after which it may be
machined to the desired dimensions.

Applications

The present invention may be applied to the
manufacture of any product made of a high
quality gray cast iron, but is particularly applica-
ble to gray cast iron products having heavy
section sizes, such as is used in industrial and
high pressure machinery. Illustrative examples
of high quality gray cast iron. products which
may be produced by the present process include
such articles of manufacture as rolls, including
still mill rolls, Fourdrinier rolls and other paper
mill rolls, and rolls for grinding cereals and
grain; newspaper and printing press machinery;
machine tool frames and beds; press heads and
bases for sheet metal working, leather working,
etc.; dies, including forging dies, automotive
body and fender dies, wire drawing dies, stamp-
ing dies, and forming dies; cylinders and super-
heaters, including locomotive superheaters, loco~
motive cylinders, steam turbine cylinders, gas

5 engine cylinders, hydraulic cylinders, cylinder

blocks, and cylinder heads; aeroplane engines;
car wheels; brake drums; locomotive driving
axle boxes; rear axle housings for trucks and the
like; heavy bearings and bushings; heavy cams;
crankshafts, such as Diesel engine crankshafts:
high pressure pumps; valves; large gears, V-belt
pulleys, sprockets, sheaves, etc.; scale parts and
levers; .and the like. As is well known to those
skilled in the art, it is possible in certain applica-
tions, e, g., rolls, to use special casting methods
to form the shell of a metal of particular com-
position such as by centrifugal casting or sweep-
ing out or otherwise removing the molten core
portion, and, if desired, filling or replacing the
core portion by another molten metal of different
composition. It is to be understood that special
casting methods known to those skilled in the
art are within the purview and scope of the
present invention.

It is to be observed that the present invention
provides a process of producing a high quality -
cast iron containing about 1.5% to about 34%
total carbon, of which about 0.4% to about 1%
of said total carbon is in the non-graphitic form,
about 1% to 4.75% silicon, about 1% to about
6% nickel, about 0.2% to about 1.5% molyb-
denum, and the balance substantially all iron,
the lower carbon and silicon contents and the
higher nickel and molybdenum contents being
associated with the larger section sizes of the
final product, said process comprising establish-
ing a molten mass of cast iron containing carbon,
silicon, nickel and molybdenum; tapping said
molten mass, preferably at temperatures in ex-
cess of about 2575° F.; inoculating said molten
mass with about 0.2% to about 1% of silicon as
a silicon-containing inoculant; and casting said
molten mass having the desired composition,
preferably at a temperature of about 2575° F. to
about 2800° ¥.,, whereby a cast iron is produced
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having a partially austenitic “as cast” micro-
structure, the austenite in said microstructure
being transformable to an acicular constituent
upon heat treatment at low temperatures of
about 800° F. to about 350° F, for about 1 to about:
100 hours, thereby imparting improved properties
to the cast iron. In carrying out the process it
is advantageous to maintain a ferro-static pres-
sure in excess of about 5 pounds per square inch.

Furthermore, it is to be noted that the present
invention provides a process which is particularly
advantageous for the production of heat treated
cast iron having an acicular microstructure in-
terspersed with fine graphite and comprised of
about 2.5% to 1.25% silicon, about 3% to 1.5%
carbon, about 2% to 6% nickel, about 0.5% to
1.3% molybdenum, and the balance substantially
all iron.

Tt is further to be noted that the present in-
vention provides a process of producing the high
quality cast iron containing controlled amounts
of carbon, silicon, nickel and molybdenum in a
cupola, said process comprising melting in a
cupola a charge containing metal, low solubility
rate coke and flux and of which not more than
about 60% is steel scrap, the iron to coke ratio
of the charge exceeding about 8:1; tapping the
molten mass at a high temperature; inoculating
said molten mass with a silicon-containing in-
oculant in an amount sufficient to introduce
about 0.2% up to about 1% silicon into the
molten mass; and casting said molten mass hav-
ing the desired composition, preferably at a
temperature of about 2575° F. to about 2800° F',,
whereby a cast iron is produced having a par-
tially austenitic “as cast” microstructure, the
austenite in said microstructure being trans-
formable to an acicular constituent upon heat
treatment at low temperatures of about 800° F.
to about 350° F. for about 1 to about 100 hours,
thereby imparting improved properties to. the
cast iron.

Moreover, it is to be noted that the present
iavention provides a high quality cast iron pos-
sessing high tensile strength and impact resist-
ance and comprising about 1.5% to about 3.4%
of total carbon, about 0.4% to about 1% of said
total carbon being in the non-graphitic form,
about 1% to about 4.75% silicon, the lower car-
bon and silicon contents being associated with
the larger average section sizes of the final prod-
uct, about 1% to about 6% nickel, about 0.2%
to about 1.3% molybdenum, the higher nickel and
molybdenum contents being associated with the
larger average section sizes of the final product,
and the balance substaatially all iron. The pres-
ent invention also provides as articles of manu-
facture, gray cast iron products for use in indus-
trial and high pressure machinery made of the
aforesaid high quality cast irons. Preferably the
cast iron is subjected to heat treatment.

It is likewise to be noted that the present in-
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vention provides articles of manufacture having a

large section size, especially gray cast iron prod-
ucts for use in industrial and high pressure ma-
chinery, made of a high quality cast iron com-
prising about 2.5% to 1.25% silicon, about 3% to
1.5% carbon, about 2% to 6% nickel, about 0.5%
to 1.3% molybdenum, and the balance substan-
tially all iron, said cast iron being characterized
by a microstructure coataining an acicular con-
stituent and by an improved combination of prop-
erties including strength and impact resistance.

It is also to be noted that the present inven-
tion provides a roll made of a high quality cast
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iron comprising about 2.5% to 1.25% silicon,
about 3% to 1.5% carbon, about 2% to 6% nickel,
about 0.5% to 1.3% molybdenum, and the bal-
ance substantially all iron, said cast iron being
characterized by a microstructure containing an
acicular constituent.

The invention also provides a method of heat
treating cast iron containing about 1.5% to 3.4%
total carbon, about 1% to 4.75% silicon, about
6% to 1% nickel, about 1.3% to 0.2% molyb-
denum, and the balance substantially all iron,
the heat treatment comprising subjecting the
solidified metal to a low temperature heat treat-
ment within the range of about 800° F. to 350° F.
for about 1 to 100 hours, whereby austenite in
the microstructure is transformed to aa acicular
constituent, thereby imparting improved strength
in the cast iron. The aforesaid heat treatment
may be applied to high quality cast irons which
are substantially in the “as cast” condition.

Although the present invention has been de-
sceribed in coajunction with preferred embodi-
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 read:ly understand.
Such variations and modifications apparent to
those skilled in the art are coasidered to be with-
in the purview and scope of the appended claims.

We claim:

1. In the method of producing high quality
cast iron comprising 1.5% to 3.4% total carbon,
of which 0.4% to 1% is in the non-graphitic
form, 1% to 4.75% silicon, 6% to 1% nickel, 1.5%
to 0.2% molybdenum, and the balance substan-
tially all iron, the step which comprises subject-
ing the solidified metal substantially in the “as
cast” condition to a low temperature heat treat-
ment within the range of about 800° F. to 350° F. -
for about 1 to 100 hours, whereby austenite in
the microstructure is fransformed to an acicular
constituent, thereby imparting improved strength
to the cast fron.

2. The process of producing high quality cast

5 iron containing 1.5% to 3.4% total carbon, of

which 0.49% to 1% is in the non-graphitic form,
1% to 4.75% silicon, 1% to 6% nickel, about 0.2%
to 1.5% mclybdenum, the lower carbon content
and the higher nickel and molybdenum contents
bheing associated with the larger section sizes of
the final product to obtain a partially austenitic
microstructure in the as cast cendition, which
comprises inoculating a molten mass of cast iron
containing carben, silicon, nickel and molyb-
denum with 0.2% to 1% of silicon as a silicoa-
containing agent, casting said inoculated molten
mass having the desired composition, and sub-
sequently subjecting the solidified metal substan-
tially in the as cast condition to a low temper-
ature heat treatment within the range of about
800° F. to 350° P. to transform retairied austenite
in the as cast microst-ucture to an acicular con-
stituent whereby a high quality cast iron is ob-
tained having an improved combination of prop-
erties and & microstructure contaizing an acicular
constituent. .
3. In the methcd of producing high quality
cast, iron containing 1.5% to 3.4% carbon, 1% to
4.15% silicon, 6% to 1% nickel and 1.5% 10 0.2%
molybdenum, the step which comprises subjecting
the solidified metal in a substantially unquenched
partially austenitic condition to g low tempera-
ture heat-treatment within the range of 500° F.
to 700° ¥. for 1 to 100 hours to transform re-
tained austenite to an acicular constituent.
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4. As an article of manufacture, a heat-treated
roll made of & high quality cast iron containing
2.5% to 1.25% silicon, 3% to 1.5% carbon, 2% to
8% nickel and 0.5% to 1.5% molybdenum, said roll
having been subjected in a substantially un-
quenched partially austenitic condition to a low
temperature heat-treatment within the range of
about 800° F. to 350° F. for about 1 to 100 hours,
a1d sald roll being characterized by a microstruc-
ture containing an acicular constituent.

5. As an article of manufacture, a heat-treated
roll made of a high quality cast iron containing
25% to 1.25% silicon, 3% to 1.5% carbon, 2% to
6% nickel and 0.5% to 1.3% molybdenum, said
roll having been subjected in a substantially un-
quenched condition to a low temperature heat-
treatment within the range of 500° to 700° F. to
transform retained austenite to an acicular con-
stituent.

6. The process of producing high quality cast o

iron possessing an improved combination of
properties which comprises establishing a molten
mass of cast iron; inoculating said molten mass
with up to about 1% of silicon as a silicon-con-
taining agent; casting the inoculated molten
mass contalning controlled amounts of carbon,
silicon, nickel and molybdenum within the ranges
of about 1.5% to 3.4% total carbon, of which
0.4% to 1% is in the non-graphitic form, 1% to
475% silicon, 6% to 1% nickel, 1.3% to 02%
molybdenum and the balance substantially all

iron whereby a cast iron is produced having a .

partially austenitic “as cast” microstructure; and
heat treating said cast iron at a temperature
within the range of about 500° to 700° P. in a sub-
stantially unquenched condition to transform
austenite in said microstructure to acicular
constituent thereby imparting improved proper-
ties to the cast iron. :

7. The process of producing high quality cast
iron which comprises preparing an inoculated
molten mass of cast iron containing substan-
tally 1.5% to 3.4% total carbon, 1% to 4.75%
silicon, 1% to 6% nickel, 0.2% to 1.5% molyb-
denum, the carbon content being so correlated
with the section size of the final product that
the lower carbon content and higher nickel and
molybdenum contents are associated with larger

section sizes, said mass having been inoculated -

with silicon-containing material to introduce
0.2% to 1% of silicon; casting and solidifylng
sald mass to obtain a cast iron which in the as
cast and unquenched condition will be char-
acterized by a partially austenitic microstruc-
ture; subjecting the solidified metal in a sub-
stantially unquenched condition to a low tem-
perature heat-treatment within the range of
about 800° F. to 350° F. to transform retained
‘austenite to an acicular constituent whereby a
high quality cast iron is obtained having an im-
proved combination of properties and a micro-
structure containing an acicular constituent,

8. In the method of producing high quality cast
iron comprising 4.75% to 1% silicon, 3.4% to
1.5% carbon, 1% to 6% nickel, 0.2% to 1.3%
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molybdenum and the balance substantially all

_iron, the step which comprises subjecting the
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solidified metal in a substantially unquenched
condition to a low temperature heat treatment
within the range of about 800° F. to 350° F. for
about 1 to 100 hours, whereby austenite in the
microstructure is transformed to an acicular con-
stituent thereby imparting improved properties
to the cast iron.

9. High quality cast iron possessing high ten-
sile strength and impact resistance comprising
15% to 3.4% of total carbon, 04% to 1% of
said total carbon being in the non-graphitic form,
1% to 4.75% silicon, the lower carbon and silicon
contents being assoclated with larger average
section sizes of the final product, 1% to 6%
nickel, 0.2% to 1.5% molybdenum, the higher
nickel and molybdenum contents being associated
with a final product of larger average section
sizes, and the balance substantially all iron, said
cast iron being in a condition resulting from
heat treatment in a substantially unquenched
state to transform retained austenite to an acicu-
lar constituent at low emperatures within the
range of about 800° F. to about 350° F,

10. An article of manufacture having a large
section size made of a high quality cast iron com-
prising 2.5% to 1.25% silicon, 3% to 1.5 carbon,
2% to 6% nickel, 0.5% to 1.3% molybdenum, and
the balance substantially all iron, said cast iron
being in a condition resulting from low temper-
ature heat treatment in a substantially un-
quenched - condition at temperatures of about
350° F. to about 800° F. and being characterized
by a microstructure containing an acicular con-
stituent, i

11. An article of manufacture made of a heat
treated high quality cast iron comprising 1.5%
to 3.4% of total carbon, 0.4% to 1% being in the
non-graphitic form, 1% to 4.75% silicon, the
lower carbon and silicon contents being asso-
ciated with larger average section sizes of .the
final product, 1% to 6% nickel, 0.2% to 1.5%
molybdenum, the higher nickel and molybdenum
contents being associated with a final product of
larger average section size, and the balance
substantially all fron, said cast iron having an
acleular structure, having been subjected to a
heat treatment in a substantially unquenched
condition at low temperatures of about 800° F. to
about 350° F. to transform retained austenite to
an acicular constituent.

12, As articles of manufacture, gray cast iron
products of large section size for use in industrial
and high pressure machinery made of a high
quality cast iron comprising 2.5% to 1.25% sili-
con, 3% to 1.5% carbon, 2% to 6% nickel, 0.5%
to 1.3% molybdenum, and the balance substan-
tially all iron, said cast iron being in a condi-
tion resulting from heat treatment in a sub-
stantially unquenched condition at temperatures
of sbout 500° F. to about 700° F. to transform

. retained austenite to an acicular constituent.
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