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This invention relates to ferrous alloys and particu-
larly to ferrous alloys having high resistance to corrosion
and to wear. There has long been a need for steels
having high resistance to corrosion and at the same
time having the ability to resist wear and abrasion and
when used for moving parts to resist grabbing and
galling. A good example is steel for use in the fabrica-
tion of pump shafts for use in mine pumps and the
like which are subject to corrosive conditions and at
the same time to the wear of friction in bearings. Oth-
er uses are for the forming of steel forgings and cast-
ings for installations where corrosive conditions and
frictional wear are extremely great, as in pump bodies
to be used in mine pumps. Pump shafts and pump
casings used in pumping mine water are rapidly eaten
away by the corrosive effects of the mine water and
at the same time are subject to wear and to galling and
grabbing at the bearings. In alloys for use in such ap-
plications it is desirable that the metal be either forge-
able or castable into shapes approximating the final shape
of the article as put in service.

The search for alloys having particular desirable
properties has lead to many -combinations of alloying
elements including combinations = with vanadium. I
have found, however, that none of these combinations

heretofore proposed has produced an alloy having the ¢

much needed characteristics of the alloy of the present
invention. None of the alloys heretofore produced
have been resistant to corrosive atmosphere and at the
same time resistant to wear so that when used in instal-

lations such as mine shafting, the corrosive liquids com-

ing from the mine would not corrode away the shaft
and at the same time the shaft would be sufficiently
wear resistant to prevent it- being worn away at the
bearings or flowing and galling or grabbing in the bear-
ings which support it.

T have discovered an alloy which may be satisfac- *

torily cast or forged and which will have superior re-
sistance to corrosion and to wear and abrasion. I have
found that this can be accomplished by properly con-
trolling the carbon and vanadium content in a manner
somewhat similar to that described in my . copending
application Serial No. 189,067, now U. S. Patent No:
2.575,218. The present invention provides an alloy
which is corrosion-resisting and wear-resisting to a de-
gree far beyond anything heretofore proposed and which
at the same time is surprisingly free from galling and
grabbing when used in the formation of moving parts.
The alloy in general is formed by adding carbon with-
in certain limits in excess of that necessary to give the
alloy the desired forging and hardening characteristics,
and vanadium in an amount again within certain limits,
such that the ratio of the vanadium in excess of that
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which is soluble in the matrix alloy to the aforemen-
tioned excess of carbon is about 4.2 to 1. T have found
that the minimum solubility of vanadium in steel al-
loys of this type is approximately 1% and that the
solubility extends upwardly from that point depending
upon the composition of the alloy.

The corrosion and wear-resisting alloy of this inven-
tion may comprise broadly

C e About 0.5% to 4%.
Cr . About 11% to 30%.
NI e About 0 to 15%.
MO e, About 0 to 5%.

S e Up to about 1%.
M Up to about 1%.

CO i About 0 to 3%.

T e e e About 0 to 0.5%.
O e About 0 to 0.5%.
T8 e About 0 to 0.5%.
Ve e About 3% to 13%.

and the balance substantially iron with residual impuri-
ties in ordinary amounts.

Where free-machining qualities are desired in the
steel, these may be obtained by the addition of sulfur,
selenium, tellurium, phosphorus or arsenic in usual and
well-known amounts.

While ‘the alloy  of this invention may fall within
the range of concentrations of alloying elements just
enumerated and still retain its desirable characteristics
it may be desirable to limit the composition to narrower
ranges or concentrations of alloying elements for cer-
tain particular purposes. For example, where maxi-
mum hardenability is desired the following concentra-
tions of alloying elements will produce an alloy hav-
ing the desirable characteristics of corrosion resistance,
wear resistance characteristic of my invention:

C o e, 0.5% to 4%.
O 11% to 18%.
S e, Up to 1%.
MB e Up to 1%.
Ve 3% to 13%.

and the balance substantially iron with residual impuri-
ties in ordinary amounts.

Where ‘a more ductile, non-magnetic corrosion and
wear-resisting alloy is desired, the alloy may comprise

About 0.5% to 4%.

L U, 15% to 30%.
N e 0to 15%
S e Upto 1%
MDD L Up to 1%
2 3% to 13%.

and the balance substantially iron with residual impuri-
ties in ordinary amounts.

Other narrow ranges within the broad range men-
tioned above may be particularly suitable for certain
applications ‘where different combinations of properties
other than the corrosion and wear resistance common
to all the alloys in this invention are desired.

In order to illustrate the corrosion resistance combined
with wear resistance -of my new-alloy several heats were
made within the broad composition range specified above.
The corrosion resistance and the wear resistance of the
alloys of my invention were compared with those of the

5 principal alloy steels known for each of these properties.

The rtesults of these tests on corrosion resistance and
abrasion resistance "are tabulated below along with a



2,700,182

3

tabulation of chemical compositions.
of the various alloys were as follows:

The compositions

Table I
Identity C S8 [Mn| Cr Ni v Mo w Ce

.38 | .51

.38 | .50

.38 ] .51

.66 .| .63

.66 | .62

.42} .46

.38 1 .50

.33 | .43

.24 .32

. 281 .41

Tool Steel..| .77 | .81 }.25
18-8.. ... .08 .66 § .48

Alloys A through 1 are corrosion-resisting and wear-
resisting alloys made according to my invention. The
alloy tabulated as “Tool Steel” is a typical 18—4—1 tool
steel as marketed to the trade. The 18-8 grade is like-
wise a typical austenitic stainless steel as marketed to
the trade. The J sample is a typical hardenable grade
of stainless iron.  For purposes of testing their resistance
to abrasion these alloys were divided into two groups,
the normally hardenable and the normally non-hardenable
alloys. Each of these alloys was then subjected to abra-
sion tests on forged and hardenmed pieces 1 inch in
diameter and the results of these tests are tabulated below

Table 11
NormallyHardenable . Normally Non-Hardenable
Percent Pércent

Abrasion Abrasion
Identity (percent re- Identity (percent re-

moved by moved by

abrasion) abrasion)
100 100
46 71
48 58
27 7
2 63
47 44
30

Careful comparison of the abrasion results shows that
the normally hardenable steels of my invention are equal
or far superior to-the 18-4-1 tool steel in resistance to
wear.  The normally non-hardenable steels of my inven-
tion are far superior to the corresponding non-hardenable
stainless steels of the trade and in most instances compare
favorably with the 18-4—1 tool steel—in one instance
losing only 25% as much as the tool steel standard.

Each of these alloys excepting the tool steel were then
subjected to corrosion tests by exposing to 33%4% nitric
acid after heat treatment and grinding to determine the
corrosion.loss.” A carbon steel was included in this test
to show the corrosive action of the solution on ordinary
steel. ‘The corrosion resistance of these alloys is tabu-
lated as corrosion loss in Table III. o

Table IIT

Material loss,

Identity gm./sq. m./hr.

0.0331
0.0434
0.0538
0. 0640
0.1269
0.1620
0.1790

0. 7500
14,100

In this corrosion test any values up to 0.1 are indicative
of “fully resistant” alloys, and values between 0.1 and
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1.0 are indicative of “satisfactorily resistant” alloys
according to the “American Society for Metals Handbook”
(1948), p. 561.

Further corrosion tests with copper sulphate solution
were also made. It was found that none of the grades
picked up copper from a drop of acidic copper sulphate
applied to a polished surface for five minutes. These
specimens had been heat treated to normally used condi-
tions prior to polishing and testing. These tests with
copper sulphate and dilute nitric acid indicate strongly
that the alloys of this invention are not seriously limited
with respect to their resistance to corrosion.

Careful comparison of the composition of the test
pieces and their resistance to corrosion and to wear shows

18-8 alloy now used for corrosion resistance alone and
the marked superiority of their wear resistance over the
wear resistance of the corrosion-resistant alloys hereto-
fore used. None of the alloys of my invention lost as
much in the abrasion test as the usual straight chrome
stainless grade J. - All of them were far superior to the
18-8 grade of stainless steel. The alloys of this invention
were, in every case except one, equal to or superior in :
resistance to corrosion to the 18-8 stainless furnished to

the trade and in every case were satisfactorily resistant
according to the limits set up in the “American Society for

Metals Handbook.”

It is a pecularity among the alloys of this invention that
the addition of excess carbon and vanadium in excess of
that amount which is soluble in the alloy matrix in the
ratio of 4.2 vanadium to 1 carbon although increasing the
abrasion resistance and to some extent, the corrosion
resistance, has little or no effect upon the forging and
hardening qualities of my alloy over those same physical
properties of an alloy without such excess carbon and
vanadium. If, however, a marked departure from this
ratio of 4.2 to 1 is made then a marked change in forge-
ability and hardenability occurs, the direction and extent
of which depends upon the nature and extent of the
departure.

My researches indicate that when carbon and vanadium
appear in the above-described excess and ratio in the cor-
rosion-resistant and wear-resistant alloys of my invention,
they modify the characteristics of the alloy by very de-
sirably augmenting its resistance to wear, its resistance
to galling, grabbing and its corrosion resistance without
masking or nullifying the other physical characteristics
of the alloy. I believe that these extraordinary properties
of my alloy depend upon the formation of vanadium car-
bides which -remain out of solution and accordingly do
not affect the hardenability or forgeability of my alloy.

While this theory seems to be consistent with observable
facts I do not bind myself thereto. The fact is that
whatever the mechanism may be, the addition of carbon
and vanadium in the above-described proportions does
produce an unexpected and unusual wear and abrasion
resistance coupled with corrosion resistance which is of
great technical importance in those fields where the
problem of corrosion resistance along with that of ex-
treme wear is-prevalent. )

While I have described. and disclosed the preferred
embodiment of my invention, it is to. be understocd that
the invention'is not so limited but may be otherwise em-
bodied and practiced .within the scope of the following
claims.

I claim: .

1. A corrosion and wear-resisting alloy comprising
about 0.5% to 4% carbon, about 15% to 30% chromium,
0 to 15% nickel, up to about 1% silicon, up to about 1% i
manganese, . about 3% to 13% vanadium, and the ‘

balance substantially iron with  residual impurities in
ordinary amounts, and in which the concentrations of .
carbon and vanadium within the given limits are ad-
justed so that the ratic of vanadium in excess of that
soluble in the alloy matrix to the carbon in excess of that
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required to give the desired hardenability characteristics
is about 4.2 t0 1.

2. A corrosion and wear-resisting
‘ formed from 2 steel alloy comptrising about 0.5%
¢ carbon, about 15% 1o 30% chromium, 0
Sup to about 1% ilicon, up toO about 1% manganese,
about 3 0 13% vanadiuit, and the balance substantially
i jron with residual impurities in ordinary amounts, and

of carbon and vanadium with-
in the given j
] dium in excess of that soluble in
. carbon in excess of that necessary to

hardenability characteristics is about 4.2 1O 1, said article
being characterized by the combination of high resistance
to corrosion and by high resistance to-weal and abrasion
and at the same time having hardening and forging char-
acteristics comparable 10 steels having & carbon content
1ess than that of the article by an ameunt equal to

10

Per cent vanadium—-amoun

6. A corrosion and wear resisting article formed from
a steel alloy comprising about 0.3% 10 A% carbon, about
14.1% to 30% of chromium, 0 to about 15% nickel, 0 t0
about 5% molybdenum, UP {o about 1% silicon, UP to
about 1% manganese, 0 to about 3% cobalt, 0 to about
0.5% of each of the group titanium, columbinm and tan-
talum, about 3% to 13% yanadium, and the balance sub-
stantially iron with residual impurities in ordinary
amounts, il which alloy the vanadinm and carbon concen-
trations are adjusted within the given limits so that the ratic
of vanadium in excess of that soluble in the alloy matrix to
the carbon i excess of that required 10 give the desived
hardenability characteristics is about 4.2 10 i, said article
being characterizcd by the combination of high resistance

by high resistance 10 weat and abrasion

to corrosion and
and at the same time having hardening and forging char-

punt of vanadium sobuble 22 5=

3. A corrosion and wear-resisting alloy
about 0.5% 10 4% carbon, about 20% 1o 30%

comprising
chromium,

pathc

of vanadium soluble in the alloy matriz

acteristics’ comparable t0 steels having 2 carbon content
less than that of the article by an amount equal to

Per cent vanadium—-—amount of vanadium goluble in the alloy mairix
- 4.2

up to about 1% gilicon, up 10 about 1% manganese,
about 3% yanadinm, and the balance substan-
tially iron with residual impurities jn ordinary amounts,
and in which the concentrations of carbon and vanadium
within the given limits are adjusted SO that the ratio
of vanadium in excess of ¢hat soluble in the alloy matrix
to the carbon in excess of that required to give the de-
sired hardenability characteristics is about 4.2 10 1.
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to 13%
the iron with residual
jmpurities in ordinary amounts, and M which the con-
centrations of carbon and vanadium within the given
limits are adjusted sO that the ratio of vanadium in ex-
cess of that i imatrix to the carbon in
excess of that required to give the desired hardenability
characteristics is about 4.2 10 i, said article being char-
acterized by the combination of high resistance to cor-
rosion and 0¥ high resistance to wear and abrasion an

at the same ime having hardening and forging charac-
{eristics comparable 10 steels having @ carbon content
1ess than that of the article by an amount equal to

yanadium, and 40

45

50

Per cent vanadium———amount of vapadium
4.2

5. A corrosion and wear resisting atloy comptising .
about 0.5% 10 A% of carbon, sbout 14.1% 10 30% of °°
chromium, 0 to about 15% pickel, 0 tO about 3% of
molybdenum, Up 10 about 1% up to about 1%
manganese, 0 10 about 3% cobalt, 0 t0 about 0.5% of
each of the group tfitanium, columbium and tantalum,
about 3% 10 13% vanadiui, and the balance substan-
tially iron with residual jmpurities in ordinary amounts,
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and in which the concentrations of carbon and vanadivm g5
within the given limits are adjusted SO that the ratio of
vanadium in eXcess of that soluble in the alloy matrix

to the carbon in excess of that required to give the de-
sired hardenability characteristics i about 4.2 10 1.

7. A corrosion and wear resisting alloy having carbon
in excess of that necessary to give it the desired harden-
ability characteristics comprising about 0.5% 1o 4% car-
bon, about 1 to 30% chromium, about 3.1 tO 15%
nickel, 0 to about 5% of inolybdenum, UP to about 1%
silicon, up to about 1% maganese, 0 10 about 3% cobalt,
0 to about 0.5% of each of the grovp titanium, columbinnl
and tantalvm, apout 3% 10 13% vanadium, and the bal-
ance substantially iron with residual jmpurities in ordinary
amounts, and in which the concentrations of vanadivm
and carbon within the given {imits are adjusted sO that the
ratio of vanadivm in excess of that soluble in the alloy
matrix to the excess carbon is about 4210 1.

8. A corrosion and wear resisting article formed from &
steel alloy comprising about 0.3% 10 49 carbon, about
11% to 30% chromium, about 3.1% 0 15% nickel, 0 t0
about 5% of molybdenum, up to about 1% silicon, BP
to about 1% manganese, awout 3% cobalt,
o to about 0.5% of each of the group titanivum,
columbium and tantalum, about 3% 1o 13% vanadium,
and the balance substantially iron with residual
jmpurities in ordinary amounts, i which alloy the vana-
dium and carbon concentrations are adjusted within the
given limits so that the ratio of yanadium in excess of that

soluble in the alloy matrix

excess of that
characteristics

sotuble in the alloy matrix to the carbon in
required to give the desired hardenabiiity
is about 4.2 1o 1, said article being characterized by the
resistance 10 corrosion and by b
resistance O wear and abrasion and at the same time hav-
ing hardening and forging characteristics comparable o
steels having a carbon content less than that of the article
by an amount equal to

per cent vanadium—-—amount of vanadium goluble in the alioy matrix
4.2
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