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ABSTRACT OF THE DISCLOSURE 
An abrasion resistant alloy stock material consisting 

essentially of carbon about 1% to 4.25%, said carbon 
being in excess of that necessary to impart a desired hard 
enability, silicon about 1.5% maximum, manganese about 
1.5% maximum, chromium about 10% to about 15%, 
molybdenum less than about 2%, titanium about 0.5% 
to about 5%, tungsten less than about 3%, nickel less 
than about 3%, cobalt less than about 5%, vanadium less 
than about 5%, sulfur up to about 0.25% and the bal— 
ance iron with residual impurities in ordinary amounts, 
said titanium being combined with said excess carbon in 
a weight ratio of 4:1 and the vanadium with carbon in 
a weight ratio of about 4.2 (V—1):l, said stock material 
having been reduced by working at least about 5% in 
cross-section. 

This application is a continuation-in-part of our co 
pending application Ser. No. 429,621 ?led Feb. 1, 1965, 
now abandoned. 

This invention relates to ferrous alloys and abrasion 
resistant articles thereof and particularly to a low cost 
abrasion resistant alloy which has been worked. The 
search for steels having high abrasion resistance and low 
cost, together with satisfactory workability, has been a 
long and continuing one. Examples of uses for such steels 
are brick mold liners, tile dies, sand blast equipment, shot 
blast equipment and various forms of dies. Alloys gener 
ally available at a favorable cost are undesirably short 
lived and less than satisfactory for abrasion-resisting pur 
poses. 
We have discovered an alloy having improved forge 

ability, workability and abrasion resistance over any alloys 
previously available to the metallurgical industry. Our in 
vention provides an abrasion-resistant alloy in which car 
bon within certain limits, is added in excess of that neces 
sary to give a desired hardening ability to the alloy 
together with vanadium and titanium in certain propor 
tions and within certain limits such that the excess carbon 
equals 

V-l Ti 
4.2 +Z 

Considering only the essential elements of our alloy, 
the preferred analysis for most abrasion-resisting applica 
tions is: 

Percent 
Carbon __.._ _____ .._ ._ 2.9 

Silicon ____ 0.4 

Manganese _______________________________ __ 0.4 

Chromium ___ 12.5 

Molybdenum _______________________________ __ 1.1 

Titanium 3 
Balance substantially iron with residual impurities in 
ordinary amounts, said titanium being combined with 
carbon in a weight ratio of 4:1. 
The composition of our alloy may, however, extend 
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over a relatively wide range and still retain its desirable 
properties of workability and abrasion-resistance. It may 
include alloying elements such as nickel, cobalt, tungsten 
and vanadium within certain limited amounts and propor 
tions without detrimentally affecting the abrasion-resist 
ance. ‘Such wider range of composition may fall within the 
following limits: 
Carbon ____________ __. About 1 to about 4.25%. 
Silicon __________ __...___. About 1.5% maximum. 
Manganese __________ _. Do. 

Chromium __________ ..- About 10% to about 15%. 
Molybdenum ____‘_-___- Less than 2%. 
Titanium ___________ __ About 0.5 to about 5%. 
Tungsten _____________ _. Less than 3%. 
Nickel _____________ __ D0. 

Cobalt _______________ _ . Less than 5%. 

Vanadium ___________ _. Do. 

Sulfur ________ __. _____ -. Up to 0.25%. 

Balance substantially iron with residual impurities in 
ordinary amounts, said titanium being combined with 
carbon in a weight ratio of 4:1 and the vanadium with 
carbon in a weight ratio of 4.2 (V—l):1. 
The expression “less than” followed by a percentage 

?gure in this application, in the context of this application 
means that the particular element may be entirely absent 
or it may be present in an amount not to exceed the per 
centage concentration given. The presence of these ele 
ments is optional up to the amount speci?ed in the ranges 
of composition given above. 
The alloy is cast and preferably worked by ‘forging, 

rolling or the like to reduce the cross section in an amount 
equal to at least about 5% of the original size. The alloy 
articles are preferably heat treated after working by tem 
pering to achieve a desired tempered hardness. Tempering 
is-preferably carried out at temperatures in the range 
900-950° F. after austenitizing at a temperature in the 
range l600-l950° F. 

In order to illustrate the improved properties of our 
new alloy, several heats were made within the range of 
composition herein speci?ed and compared with steels 
previously used for making brick liners and the like. The 
compositions appear in Table I. Each of the articles was 
formed by hammer forging to reduce the cross section 
about 40% and tempered at 900° F. 

TABLE I 

Alloy C Cr W Mo Ti V Si Mn Ni Co 

Invention 
WR66 _____ __ 2.37 12.64 ____ 1.02 2.83 ____ 0.39 .47 __________ __ 

Invention 
WRG _____ __ . 

Prior-art ____ ._ 2.4 

Abrasion tests were made, comparing these several alloys 
with the results which appear in Table II. 

Table II 
Alloy: Percent abrasion 

WR66 ________________________________ __ 2.24 

WR67 ________________________________ __ 3.02 

Prior art _____________________________ __ 3.76 

Careful comparison of the foregoing results shows the 
superiority of our alloy over the alloys now used for 
abrasion resistant purposes. Moreover, we have found that 
the compositions with titanium present are far more work 
able than like compositions in which vanadium has been 
completely substituted for titanium, so that titanium must 
appear as an essential ingredient at least in the minimum 
amount speci?ed herein in order to attain the improved 
workability along with improved abrasion resistance which 
characterizes our invention. 
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While we have described and disclosed certain preferred 

embodiments of this invention, it will be understood that 
this invention may be otherwise embodied within the scope 
of the following claims. 
We claim: 
1. An abrasion resistant alloy stock material consisting 

essentially of carbon about 1% to 4.25%, said carbon 
being in excess of that necessary to give it a desired 
hardenability, silicon about 1.5% maximum, manganese 
about 1.5% maximum, chromium about 10% to about 
15 %, molybdenum less than about 2%, titanium about 
0.5% to about 5%, tungsten less than about 3%, nickel 
less than about 3%, cobalt less than about 5%, vanadium 
less than about 5 %, sulfur up to about 0.25% and the 
balance iron with residual impurities in ordinary amounts, 
said titanium and vanadium being combined with carbon 
in excess of that necessary to give a desired hardenability 
in proportions such that titanium is combined with a por 
tion of said excess carbon in a Weight ratio of 4:1 and 
the vanadium with the balance of said excess carbon in 
a weight ratio of about 4.2 (Vt-4) :1, said stock material 
having been reduced by working at least about 5% in cross 
sectional area from its as cast condition. 

2. A formed article made from a ferrous base metal 
comprising carbon about 1% to about 4.25%, silicon 
about 1.5% maximum, manganese about 1.5 % maximum, 
chromium about 10% to about 15%, molybdenum less 
than about 2%, titanium about 0.5% to about 5%, tung 
sten less than about 3%, nickel less than about 3%, co 
balt less than about 5%, vanadium less about about. 5%, 
sulfur up to about 0.25% and the balance iron with 
residual impurities in ordinary amounts, said titanium and 
vanadium being combined with carbon in excess of that 
necessary to give a desired hardenability in proportions 
such that titanium is combined with a portion of said 
excess carbon in a weight ratio of 4:1 and the vanadium 
with the balance of said excess carbon in a weight ratio 
of 4.2 (V——1):1, said alloy being characterized by work 
ability, castability, abrasion resistance and high impact 
resistance and having been formed by working the base 
metal to reduce its cross section at least 5%. 

3. A formed article of manufacture made from a ter 
rous base metal alloy capable of being worked and cast 
to ultimate shape comprising carbon about 2.9%, silicon 
about 0.4%, manganese about 0.4%, chromium about 
12.5%, molybdenum less than about 2%, titanium about 
0.5% to about 5%, tungsten less than about 3%, nickel 
less than about 3%, cobalt less than about 5%, vanadium 
less than about 5 %, sulfur up to about 0.25% and the 
balance iron with residual impurities in ordinary amounts, 
said titanium being combined with carbon in a weight 
ratio of 4: 1, said alloy characterized by workability, cast 
ability, abrasion resistance and high resistance to impact, 
and having been formed by working the base metal to re 
duce its cross section at least 5% . 

4. A shot blast liner formed of an alloy consisting es 
sentially of carbon about 1% to about 4.25%, silicon 
about 1.5 % maximum, manganese about 1.5 % maximum, 
chromium about 10% to about 15%, molybdenum less 
than about 2%, titanium about 0.5% to about 5%, tung 
sten less than about 3%, nickel less than about 3%, co 
balt less than about 5 %, vanadium less than about 5%, 
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sulfur up to about 0.25% and the balance iron with __ 
residual impurities in ordinary amounts, said titanium" 
and vanadium being combined with carbon in excess ‘of 
that necessary to give a desired hardenability in proper 
tions such that titanium is combined with a portion'of 
said excess carbon in a weight ratio of 4.2 (V—1):1 to 
titanium carbide and the vanadium with the balance of 
said excess carbon in a weight ratio of 4.2 (V——1):l to 
form vanadium carbide, said alloy being characterized 
by workability, castability, abrasion resistance and high 
impact resistance and having been formed by working the 
base metal to reduce its cross section at least 5% in form 
ing the liner. 
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4 
sentially of carbon about 1% to about 4.25%, silicon 
about 1.5 % maximum, manganese about 1.5% maximum, 
chromium about 10% to about 15 %, molybdenum less 
than about 2%, titanium about 0.5% to about 5%, tung 
sten less than about 3%, nickel less than about 3%, c0 
balt less than about 5 %, vanadium less than about 5 %, 
sulfur up to about 0.25 % and the balance iron with 
residul impurities in ordinary amounts, said titanium and 
vanadium being combined with carbon in excess of that 
necessary to give a desired hardenability in proportions 
such that titanium is combined with a portion of said 
excess carbon in a weight ratio of 4:1 to form titanium 
carbide and the vanadium with the balance of said excess 
carbon in a weight ratio of 4.2 (V-l) :1 to form vanadi 
um carbide, said alloy being characterized by workability, 
castability, abrasion resistance and high impact resistance 
and having been formed by working the base metal to 
reduce its cross section at least 5% in forming the liner. 

6. A brick mold liner formed of an alloy consisting es 
sentially of carbon about 1% to about 4.25 %, silicon 
about 1.5 % maximum, manganese about 1.5 % maximum, 
chromium about 10% to about 15%, molybdenum less 
than about 2%, titanium about 0.5% to about 5 %, tung 
sten less than about 3%, nickel less than about 3 %, cobalt 
less than about 5%, vanadium less than about 5%, sulfur 
up to about 0.25 % and the balance iron with residual 
impurities in ordinary amounts, said titanium and vanadi 
um being combined with carbon in excess of that neces 
sary to give a desired hardenability in proportions such 
that titanium is combined with a portion of said excess 
carbon in a weight ratio of 4:1 to form titanium carbide 
and the vanadium with the balance of said excess carbon 
in a weight ratio of 4.2 (V~1) :1 to form vanadium car~ 
bide, said alloy being characterized by workability, cast 
ability, abrasion resistance and high impact resistance and 
having been formed by working the base metal to reduce 
its cross section at least 5% in forming the liner. 

7. A ceramic tile die formed of an alloy consisting 
essentially of carbon about 1% to about 4.25 %, silicon 
about 1.5 % maximum, manganese about 1.5 % maximum, 
chromium about 10% to about 15%, molybdenum less 
than about 2%, titanium about 0.5 % to about 5%, tung 
sten less than about 3%, nickel less than about 3%, cobalt 
less than about 5%, vanadium less than about 5%, sulfur 
up to about 0.25 % and the balance iron with residual 
impurities in ordinary amounts, said titanium and vanadi 
um being combined with carbon in excess of that neces 
sary to give a desired hardeuability in proportions such 
that titanium is combined with a portion of said excess 
carbon in a weight ratio of 4:1 to form titanium carbide 
and the vanadium with the balance of said excess carbon 
in a Weight ratio of 4.2 (V—1):1 to form vanadium 
carbide, said alloy being characterized by workability, 
castability, abrasion resistance and high impact resist 
ance and having been formed by working the base metal 
to reduce its cross section at least 5% in forming the 
liner. 
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