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This invention relates to nickel steels and

- more particularly to a copper-bearing nickel
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steel which is characterized by the properties
of inhibition or resistance to corrosion, and
low magmetic permeability.

It is an object to provide such nonmag-
netic compositions having corrosion-resisting
properties which are also capable of being
cast into tough, dense castings, or into sound,
malleable ingots capable of being worked and
adapted for a wide variety of uses. :

These and other desired ‘objects and ad-
vantages of the invention will be described
in the following specification, certain pre-
ferred combinations being given by way of
illustration, but since the underlying prin-
cifples apply to a wide range of proportions
of iron, nickel and copper, it is not intended
to be restricted to the particular ones shown,
except as such restrictions are clearly imposed

- by the appended claims.

As is well known, iron, and iron containing

~as much as several percent of alloyed ele-
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ments, is extremely subject to corrosion. by

atmospheric agencies,—a coating of hydrated

iron oxide, commonly known as rust, form-
ing under the combined influence of moisture,
oxygen and other gases usually present in
the atmosphere. Such a coating of rust is

loose, flaky and porous, and is not protective-

_but may even accelerate further corrosion by

‘known electrolytic oxygen concentration.
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its screening action, setting up the well-

cells. The addition of large amounts of
nickel to iron lessens the rate of such corro-
sion but does not change in any substantial
way the nature of the rust coating: formed.
Even iron-nickel alloys containing 80% of
nickel will rust on exposure to moist air
containing traces of sulphurous gases. The
rust coating thus formed is thin but flaky,
readily splitting off from the surface, or

. spalling, and corrosion proceeds at a slow
‘rate but unchecked. With intermediate con-
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tents of nickel, as 30% or 509%, the flaky, non-
protective type of rust coating forms, with
corrosion rates about proportional to the iron
content. . - - . : B
I have found that the addition of copper
to-iron-nickel alloys has a marked effect on

“Application filed November 16, 1928.. Serial No. 819,999

the physical structuré of the corrosion prod-
uct formed on atmospheric exposure, where-
by the pronounced flaking. properties and
Forosity are eliminated and a tight, dense,
highly adherent coating results, such that
further corrosion is greatly retarded or

&5

practically stopped. The result of this is ,

that articles made from alloys lying within
the range of compositions described below
show an excellent durability when continu-
ously exposed to-corrosion in natural at-

a0

mospheres, even those contaminated by smoke

-or other industrial gases. ‘The presence of

copper, with its attendant change in adher-
ence of the natural corrosion product, is to be
considered not merely a permissible replace-
ment of an equal amount of nickel, but as
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allowing a very substantial reduction in the -

total non-ferrous content to obtain an equiva-

lent degrée of atmospheric corrosion resist--

ance. concrete examples, an exposure
test conducted in the open air for a period of
several years showed that an iron-nickel-
copper alloy containing 25% nickel, 5% cop-

per, was equal in durability to an iron-nickel.

alloy containing 50% nickel ; again, an iron-

nickel-copper alloy containing 50% nickel, .

9% copper, was the equivalent of an iron-
nickel alloy containing 80% nickel. These
examples show the economy which the addi-
tion of copper to iron-nickel alloys permits.
The alloys of the present invention com-
prise compositions containing the following
elements in substantially the proportions
enumerated, viz: nickel, 12-309%, copper,
1-20%, carbon, .01-2%, the balance substan-
tially jron. The nickel should be equal to
or greater than 1.5 times the copper content.
Carbon, in the case of compositions in which
the ratio of the nickel content to the nickel
plus iron’ contents is less than .27, is defined

as follows: ‘
N .
0= 6(-27_‘17-7-‘17") o

in which C is the minimum percentage of
carbon desired, N the percentage of nickel,
and F the percentage of iron. ' Silicon, man-
ganese, and other elements commonly used
to aid in securing sound, malleable ingots
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.. tions having

10

may be present. It will be observed, of
course, that the ratio of R
» . N+F _
must not be:greater than 270 otherwise the
above equation will give a negative value.
"Alloys lying within this range of composi-

iron contents less than

non-magnetic, respond

30 are substantially

in the electrical industry which the more ex-

* pensive copper alloys now fill. Tt is neces-

16

sary to provide carbon exceeding the limit

~specified in the preceding paragraph in order .

to retain the alloys in the non-magnetic con--

dition. With insufficient carbon they become’

~strongly magnetic.
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The ailoys comprised within the above
ranges are soft, that is, have a Brinell hard-
ness number not greater than 175 and all

have the common property of resistance to
‘corrosion. Their resistance to atmospheric

corrosion has been described above. Fo other
forms of corrosion, I have found the addi-

tion of copper to iron-nickel alloys to be an.

advantage, owing to the lowered solution po-
tential resulting. This improvement has
been noted in many dilute nonoxidizing acids
and in various salt solutions. - e

Tn general, the hardness and strength
properties do not vary to .any substantial
amount in going

position to another, but the corrosion resist-

. ance does, -and alloys lying in the higher

- ranges of

"y

Jower resistance to corrosion than those lying

- with’n the low iron ranges; there is no sud-
‘den change in order of magnitude, but a

gradual, continuous, increasing degree of

" . eorrosion resistance as the niekel content or
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> workable -only
though showing a high

the copper content is increased. On the other
hand, certain properties.
within these limits, requiring a restriction of
composition to gain certain ends. The hot
malleability is largely a matter of copper
content, and alloys containing more -than
12% of copper
with much difficulty.

to corrosion, they
form of castings.

ductility is-required, I limit the copper con-
tent to 6%. - The process for improving the
malleability of nickel alloys disclosed in my
co-pending application,
933, is'of material service. - o

“The effect of variations in nickel, copper
and iron content have already been discussed.
The carbon content may range

1,858,875

a ratio of nickel to nickel plus-

very feebly if at all:
to a magnet and are adapted: to many uses:

from one extreme of com-

jron contents will have ‘g, much

do change greatly’

are forgeable and otherwise.
Al-
degree of resistance: A - "
are of value chiefly in the formed a tight, rusty surface coating but re-
_ ‘When articles shaped by
ivorking ‘are required, it is preferable ‘tc.
ave the copper content less than 12%, and “vices i 9
- when the highest degree of m‘alleabilityz and’ g&e:n:,%e:cl;?woq G L
"t will mow be seén that there ‘been pro-

Serial Number 223,

from .01% to.

A

29, depending apon the use to which the |

alloy is to be put. o :

hile excellent malleable alloys have been
produced containing .08% carbon, & consid-
erably higher content may be tolerated in the

malleable grades. In general,,increasind the

carbon content increases the hardness Q? the
alloy and also diminishes somewhat its cold
‘workability. Itis usually preferable to limit
the carbon content to .30%;
-cipitation of graphite
diminish ductility;

begins;

at .50%, the pre-"1°
which tends to -
alloys intended  to be.
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malleable should contain less than 1%, but

castings may contain up to 2% carbon.
- A high carbon content does not materially
affect the corrosion resistance. ‘While high
carbon alloys are restricted to castings, it is
possible with ordinary precautions to ob-
tain castings with as little as .19% carbon.

Tt is apparent from this that the higher
carbon content alloys have a wider range of

nickel-copper contents which are non-mag-.

netic than the lower .carbon content‘alloys,‘
and while on the other hand increasing the
carbon -content increases the bardness, and

80 B
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that while a higher copper content gives
greater corrosive resistance, it lessens the = -
workability. ‘For.a particular application -

the best composition therefore depends upon
the extent to which these opposing !
must be balanced. ' '
As a particular ex:
ing 25.5% nickel, 4.5% copper, .6%’manﬁ;
nese and .07% carbon may be cited. T
has a ratio of nickel to nickel plus iron of
97 and from the definition of composition

given above should be non-magnetic without.

the aid of much
wholly. non-magnetic anne!
It had excellent casting properties; ingots
made from it forged perfectly to slabs which
.cold-rolled. readily to thin, non-magnetic
strip. The alloy Kad a Brinell hardness of
120, could be machined without difficulty by
drilling, and cutting in the lathe; 1t

carbon. It was in fact

even after annealing.

sawin(ﬁ ; I the ]
~ responded readilpto welding with either the -

oxyacetylere flarte or electric arc, as well as
to resistance or shot weldin
ders and brazes readily an
for use as an engineering alloy.

clean, salty and smoky air, thin

is in fact sui
Exposed to
gheets have

_main in good physical condition, L
These alloys have a high electrical resistiv-
ity and are suitable for use in electrical de-
‘the: operating

vided a group of alloy compo

ing iron, nickel, copper and ¢

characterized by the pro
“of corrosion, ‘particularly. an atmospheric-

exposure, -and" ready worln_!.biliﬁ:{i (in the’
-Jower ranges of copper content) W

the same time s bstantially nonmagnetic. - -

tendencies’ *

carbor which are - ™=
erties of low rates: =

Vich areat.

25

nple the alloy contain-

108

110

1it accepted _sbl- '

116

"12¢
temperature = .

{tions compris-

1%

1n
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It will be observed that the present inven-
tion provides an alloy comprising copper
about 1% to about 20%, nickel not exceeding
about 22% and extending to about 12%, car-
bon exceeding about 0.4% and being under
2.0%, and the remainder consisting princi-
pally of iron which is not only non-magnetic
but which is also of substantially uniform
softness.

- What T claim is:— v

1. A nonmagnetic alloy comprising cop-
per about 1% to about 20%, nickel not exceed-
ing about 229 and extending to about 12%,
carbon exceeding about 0.4% and beine un-
der about 2.0%, and the remainder consisting
principally of iron whereby an alloy is pro-
duced which is nonmagnetic and which is

of substantially uniform softness.

20
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2. A nonmagnetic alloy comprising copper
about 1% to about 20%, nickel not exceeding
about 22% and extending to about 12%, car-
bon about 0.5%, and the remainder consisting
principally of iron whereby an alloy is pro-
duced which is nonmagnetic and which is
of substantially uniform softness.

In testimony whereof I have hereunto set
my hand, ‘

B NORMAN B. PILLING.
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