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This invention relates to alloys and more espe-
cially to chill cast nickel bearing iron alloys.
The invention relates particularly to castings
formed by casting nickel bearing iron composi-
5 tions against chills to form castings having ex-
treme hardness in the chilled porfion and im-
proved toughness and strength in the chilled por-
tion and in the gray iron adjacent the chilled
portion. This material is well adapted for chilled
iron wearing parts which require strength and
toughness, for example, hot or cold rolls for
glass and metal working, cams, gears, dies, stamps
and like parts subjected to impact or heavy pres-
sure. Our improved composition is character-
ized by its strength, hardness and toughness—
qualities desirable in wearing parts.
We have obtained good results in practice with
compositions within the following general ranges:

Per cent
2-4

252
25-2

10

15

20 parbon

Silicon
Manganese
Nickel_ . 2-10
Chromium Up to 4

Phosphorus and sulphur may be present with-
in the ranges ususally found in cast iron, as for
instance, phosphorus .03 to 1.15% and sulphur
03 to 259%. See any edition of Kent’s hand-
book, 1900 and later; Moldenke, Principles of
Iron Founding, edition of 1917, page 198, Hat-
fleld, Cast Iron in the Light of Recent Research;
and others. In respect to the ranges of phos-
phorus and sulphur in chilled, white and gray
iron castings such as for rolls, cams, brake shoes,
gears, plow points, etc., phosphorus ranges from,
under .10 to 1.0% and sulphur .04 fo 256%. See
particularly pages 196, 182, 183, 199 and 198 in
their order of Moldenke’s Principles of Iron
40 Founding, 1917, where both the phosphorus and

sulphur for chilled rolls must be, under .3 and
089 respectively, and for chilled castings in
general. As indicated on page 183, the phos-
phorus and sulphur shall be, below .20 and 06%
45 respectively. On page 199, it is shown “Again,
the sulphur and phosphorus percentages given—
except where wanted high, can be anything be-
low the figures”. In addition, page 198, there is
a statement as to the percentages in the tables
50 on the pages noted that “The tables of analyses

36

(CL 80—58)

given in the above classification of castings must,

as was said at the outset, be considered only as
typical”. Again, in Kent’s Mechanical Engineers
Handbook, edition printed in 1923, attentfion is
called to page 434, wherein sulphur is recited 5
from .05 to .20% and it states in the lower part
of that page and in respect to the above sulphur
content—“n} this composition phospherus is sup-
posed to be well below .109%. It is also to be
noted that the ranges of analyses of American,
as well as foreign, pig irons, are good indications
of castings produced from pig irons as very often
a definite and consistent type of pig iron must
be used. Such ranges are to be found in Appen-
dix II of Hatfield’s Cast Iron in the Light of
Récent Research, second edition 1818 and third
edition 1928.

The compositiopn may be varied somiewhat, if
desired, by the addition of other alloying ma-
terials, such as molybdenum, tungsten, titanium,
copper, etc. The carbon content is within the
general range usual for cast iron, from either air
furnace or cupola.

. Casting compositions lying within those ranges
are particularly desirable in that good adjust-
ment of nickel, chromium, silicon and carbon
contents is secured to nicely regulate the depth
of chill.

We find that the amount of chill in the chill
cast iron may be maintained sensibly constant if g9
nickel and chromium are added as alloying ma-
terials in about the ratio of 2 or 3 to 1, say
about 2% to 1. We also find that the amount
of chill may be nicely controlled by suitably ad-
justing the various elements according to the
rough rule that 1 part carbon equals 3 parts
silicon, 1 part silicon equals 2 parts mnickel, 1
part chromium equals 21, parts nickel, and 1
part sulphur equals 10 parts-silicon; increasing
the silicon, carbon and. nickel acts to decrease
the chill, whereas, increasing the chromium and
sulphur acts to increase the chill. The silicon
and carbon contents may be lowered, if desired,
by using a higher ratio of nickel to chromium
than that mentioned above, the increased chilling
tendency accompanying the lowered silicon and
carbon contents being counteracted by the higher
nickel content. It is to be noted that the fore-
going is to be taken into consideration in con-
nection with the statement and expression used 50
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. herein that the nickel is present in the propor-

tion of 2 or 3 to 1 of chromium.

For ordinary work, however, we have obtained
-good results with a composition containing about
the following percentages:

Per cent
e B e b T 3.0
M anEATIese = e .6
SHlicony -] o e fees Sl E Sty o n o L 1.0
Nickelooilen om0 B e i f #.5
CHTO T VLTSl 8 GRS A i R 15

Phosphorus and sulphur may be present with-

‘in the ranges usually found in cast iron, as in-

dicated above.

Such a composition, if chill cast, will- give a
white iron having a Brinell hardness of 550, as
compared with the 400-500 of ordinary chilled
iron. The chilled metal under tension has a
transverse strength of 8000 pounds for 114 inch
square bars tested on 12 inch centers in compar-

* ison with about 6000 pounds for ordinary high
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- about 3.50%.
somewhat by proportions of the alloy or the use
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76

carbon chilled iron Gray iron having this com-
position has a tensile strength of about 35,000
pounds per square inch in comparison with 20,000
to 25,000 psi for high carbon iron ordinarily used
for chill work.

Our composition has the further advantage

“that it is subject to heat treatment and the hard-

ness and toughness may be so modified, if desired.

The composition is not only extremely hard
in the chilled condition, but it is strong and
tough both in the chilled condition and in the
gray condition. These characteristics render the
composition desirable for chilled castings to be
subjected to heavy pressure or impact, since such
castings are less liable to breakage than ordinary

" ¢hilled iron castings.

We are aware that nickel has been proposed
as an addition material to reduce the chilling

‘effect in iron alloys, and that chromium has been

proposed as a hardener. We have found, how-
ever, that a proper proportion should be main-
tained between the nickel and chromium with
respect to the silicon and carbon if the compo-
sition is to be rendered hard, and yet tough and
strong. By properly proportioning the alloying
elements, we have produced an improved iron
alloy adapted to be chill cast to form an ex-
ceedingly hard and tough white iron with a
strong, tough gray iron adjacent thereto. .

We have found that the hardness of chilled
cast iron castings made under our invention is
due to the fact that the matrix portion of the
iron is changed from the softer pearlite of ordi-
nary chilled iron castings intec the harder mar-
tensite or troostite. Martensite is often- asso-
ciated with austenite and hence by “martensite”,
we mean martensite or austenite or both in as-
sociation. Hence the resulting hardness is be-
tween that of the very hard irom carbide grains
and the martensite having a.Brinell hardness of
from 550 up to about 750 where the carbon is
This hardness may be regulated

of equivalents..

A further important advantage of our inven—
tion resides in the provision of an improved chill
casting alloy wherein the depth of chill may be
nicely controlled by suitable adjustment of the
addition elements. Cast iron of our composi-

tion may be made either in the air furnace or -

cupola, and we intend to cover such composition
of cast iron made in either type of furnace.
The present application is a divisional case of

2,066,848
“our co-pending application, Serial No. 143,283,

filed October 21, 1926.

We claim:

1. A high carbon chilled iron alloy roll having
a definite chill and containing a small amount of
silicon to ensure a definite chill and also con-
taining a substantial quantity of nickel to secure
toughness of said chill, the silicon being not to

exceed .65 and being in such small quantity as.

to offset or compensate the chill destroying or
reducing effect of the large amount of nickel.

2. A high carbon: chilled iron alloy roll con-
taining a small amount of chromium to ensure
the definite chill and also containing a substan-
tial quantity of nickel to secure toughness of said
chill, the chromium being not to exceed .35 and
being in such small quantity as to ensure the
definite chill notwithstanding the substantial
quantity of nickel.

. 3. A high carbon chilled iron alloy roll con-

20

taining a small amount of manganese to ensure -

the definite chill and also containing a substan-
tial quantity of nickel to secure toughness of said
chill, the manganese being not to exceed .27 and
being of such small gquantity as to ensure the defi-

nite chill notwithstanding the substantial quanti-

ty of nickel.

4. A high carbon chilled 1ron alloy roll con-
taining small amounts of silicon and chromium to
ensure a definite chill and also containing a sub-
stantial quantity of nickel to secure toughness of
said chill, the silicon being not to exceed .65 and
chromium not to exceed .35 and both being in
such small quantities as to ensure the definite
chill notwithstanding the substantial quantity of
nickel.

B. A high carbon chilled iron alloy roll con-
taining small amounts of silicon and manganese
to ensure a definite chill and also containing a
substantial quantity of nickel to secure tough-
ness of said chill, the silicon being not to exceed
.65 and manganese being not to exceed .27 and
both being in such small quantities as to ensure
the definite chill notwithstanding the substantial
quantity of nickel.

6, A high carbon chilled iron alloy contain-
ing small amounts of chromium and manga-
nese to ensure a definite chill and also con-
taining a substantial quantity of nickel {o secure
toughness of said chill, the chromium being nof
to exceed .35 and the manganese being not to
exceed .27 and both being in such small quan-
tities as to ensure the definite chill notwith-
standing the substantial quantity of nickel.

7. A high carbon chilled iron alloy roll con-
taining small amounts of silicon and chromium
and manganese to ensure a definite chill and
also containing a substantial quantity of nickel
to secure toughness of said chill, the silicon be-

"ing not to exceed .65, the chromium being not

to exceed .35 and the manganese being not to
exceed .27 and all being in such small quantities
as to ensure the definite chill notwithstanding
the substantial quantity of nickel.

8. The method of making chilled iron alloy
rolls which consists in ensuring a chill by using
small quantities of silicon, manganese and chro-
mium and securing hardness of said chill by

. employing carbon and nickel from about 3.25 to

about 3.35 carbon and from about 4.75 to about
5.0 nickel. .

9. The method of making chilled iron alloy
rolls which consists in ensuring a chill by using
small quantities of silicon, manganese and. chro-
mium and securing hardness of s varying degree
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by using carbon and nickel in varying amounts
from about 3.25 to about 3.35 carbon and from
about 4.75 to about 5.0 nickel.

10. A chilled iron alloy roll having a definite
chill and containing a hardening and toughening
agent such as carbon and nickel, in an amount
within certain limits to produce a desired degree
of hardness and toughness and also containing
g chill affecting ingredient such as silicon in
amount between certain limits to cooperate with
the amount of hardening and toughening agent
employed and not to exceed 1.0, and also con-
taining a further hardening agent.

11, A chilled iron alloy roll containing a hard-
ening and toughening agent such as carbon and
nickel, in amount between certain limits to se-
cure a desired degree of hardness and toughness,
and also containing other ingredients to retain
the chill and give it desired characteristics such
as silicon and manganese, said other ingredients
being in amounts between certain limits to co-
operate with the amount of hardening and
toughening agent employed and not to exceed
1.0 silicon and .40 manganese, and also contain-
ing a supplemental hardening agent.

12. A chilled iron alloy roll containing a hard-
ening and toughening agent such as carbon and
nickel, in amount between certain limits to give
a desired degree of hardness and toughness, and
also containing silicon, manganese, chromium
and sulphur in amounts between certain limits,
so that the silicon and manganese will act to
control the chill and the chromium and sulphur
to give the desired qualities in view of the amount
of hardening and toughening agent employed the

3

silicon being not to exceed 1.0 and the manganese
not to exceed .40 and the chromium not to ex-
ceed .65, and also containing molybdenum to act
as a hardening agent in cooperation wlt.h the
other ingredients.

13. A high carbon chilled iron alloy roll hav-

‘ing a definite chill and containing a small amount

of silicon to ensure a deflnite chill and also con-
taining a substantial quantity of nickel to se-
cure toughness of sald chill, the silicon being
not to exceed about 1.0% and being in such small
quantity as to offset or compensate the chill de-
stroying or reducing effect of the large amount
of nickel.

14. A high carbon chilled iron alloy roll con-
taining a small amount of manganese to ensure
the definite chill and also containing a sub-
stantial quantity of nickel to secure toughness

of said chill, the manganese being not to exceed

about .6% and being of such small quantity as
to ensure the definite chill notwithstanding the
substantial quantity of nickel.

15. A high carbon chilled iron alloy roll con-
taining small amounts of silicon and manganese
to ensure a definite chill and also containing a
substantial quantity of nickel to secure tough-
ness of sald chill, the silicon being not to exceed
about 1.0% and manganese being not to exceed
about .6% and both being in such small guan-
tities as to ensure the definite chill notwithstand-
ing the substantial quantity of nickel.

PAUL D. MERICA.
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