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1. 
This invention pertains to alloy steels of the 

class that are suitable for use in cutting tools: 
and the like, which are hardenable by quench 
ing and which undergo secondary hardening on 
Subsequent tempering, and pertains more par-5 
ticularly to an alloy steel of this type having 
a balanced composition such as to impart to 
the steel in the quenched-and-tempered-condi 
tion, a high degreer of resistance against:softensi. 
ing. Whela. Subjected...to elevated: temperatures: 10 
especially within the range extending.: upward, 
of about 100° E. , 

It is the object of this invention to provide a *. 
relatively low cost alloy steels of relatively, low, 
total : alloy content, which, after being heat. 5 
treated, has better resistance to softening at: 
temperatures upwards of: about 11009.F.ithani, 
Steels now available. Steel of such character... . 
istics is useful in power plant equipment in ther. 
form of bolts, studs, turbine wheels, blades and 20 
buckets; in the forging and die-casting indus 
tries for hot work dies, cores, mandrels and 
punches; and in the machining industry for cut is 
ting tools. 
The steel of the invention contains, as es- 25 

Sential constituents, chromium, vanadium, tung-. 
sten and molybdenum within broad limits of 
about, 0.5 to 3% Cr, 0.2 to .2%. W, 1 to -3% W. 
and 0.5 to 4% Mo, together with 0.3 to 1.2%; 

6 Claims is. (C.75 -26) 
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2 
content, 1%do of the vanadium content, 34oo of 
the tungsten content, and 940, of the molybde 
num content shall total at least 0.3% but shall 
not exeeed 0.15% plus the carbon content. Also...: 
for assuring forgeability of the steel, the afore-5. 
said sum should not exceed about 1.0%. 

It lit. We known thatistees. other... than thosei? 
which are sufficiently-high-in alloy... content to . 
be-Substantially, austenitic at room temperature, 

3 lose their strength, i.e., hardness, fairly rapidly: 
as the temperatures:to which they are heated 
exceed; about 1000°F. Some, steels: containing. 

dium, tungsten sands: molybdenum, are much 
'esistantithan-other steels to this weaken 

ing at elevated temperatures, because when they?" 
are-properly heat treated: there soccurs in them : 
a precipitation of calloys carbides is at tempera- - - 
tures upwards of: about 1000. F., and this-pre-: . 
cipitation prevents or retards the Softening. 'Or. 
weakening. at high temperatures. The heat 
treatment referred to involves a heating to a tem 
perature: high; enough to causes an appreciable 
amount of carbonito dissolve in the steel; followed 
by a cooling to approximately room temperature 
at a sufficiently rapid rate to prevent much pre 
cipitation Öf the carbides during the cooling; and 
finally, a tempering at about 1000 to 1200°F. 

It has been generally accepted that the larger 
carbon, a more preferred-range - being--about 1, 30...the-amount-of-carbide forming-elements-in-the 
to 2.5% Cr, 0.5 to 1.5% W, 1 to 3% W. and 0.5 
to 3% Mo, together with 0.4 to 0.9% carbon. 
The balance of the composition is substantially 
iron, except for optional additions of up to about : 
3% in aggregate of other elements which do not 35 Substantially impair the elevated temperature 
resistance of the quenched and tempered steel, 
against 'softening. Thus, for example, mangaa 
nese may be present up to about 1%, and silicon 
up to about 2%, the latter for imparting scale 1:0 
resistance in Sone-analyses; is 
The essential constituents aforesaid are, ini 

accordance with the invention and for reasons: 
eXplained below, present in a balanced composi 
tion such that the sum of the chromium 45 tested 

iments"increases. 

steel, the greater is the resistance of the steel to: 
softening attemperatures upwards of about 1000°: 
F. This has been well illustrated by E. C. Bains: 
in Chapter VI of his book'Functions of the Alloy 
ing Elements in Steel.” Now I have discovered, 
and this is the basis of my invention, that the 
resistance to softening particularly attempera." 
tures upwards of about 200 F. may decrease in 
some steels as the amount of the alloying ele--- 

ases. This is illustrated in the fol 
lowing Tables I to III inclusive. - To get the data 's 
for these tables, the samples treated were first 
heated to 23509.F. to assure, thorough solution of . 
carbides and then were quenched. They were: 

ited for hardness afterseumulative reheatings::s   
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at the successively higher temperatures indicated increase the resistance of steels to softening on 
in the tables. heating to temperatures on the order aforesaid. 

TABLE 

Effect of chromium on hardness of steels after tempering 

Rockwell Cardness, After Cumulative Analysis, Per Cent 2 our Temperings At 
B 

C Cr W W Mo 50 F.1200°F.1250 F.300°F.350° E. 

... 4 .25 56 95 5 48.5 44.5 4. 33.5 
37 1.97 55 93 .72 48.5 49.5 38.5 32.5 
40 3.09 54 93 .7 49.5 41 35.5 29, 5 

... 4 2.26 59 65 46 48.5 4. 36.5 30 

. 41 3.30 , 60 65 .45 48.5 37 32.5 28 
39 1.13 .84 1,69 1,53 54 50 45.5 39,5 
37 2.01 .82 170 1. 48 53.5 4.5 42.5 34.5 
.36 2.92 92 1.70 1.59 53.5 45 38.5 31 
69 1.7 1.28 2.3. 5.78 60.5 51.5 46.5 39.5 
75 2.68 1.34 2.56 5.93 60 48.5 43.5 37.5 

.82 4,07 1, 35 2, 60 5.7 6.5 48 45 35.5 

1 Heated to 2250° F., instead of 2350 F. to avoid melting the steel. 
It can readily be seen in each of the above It, therefore, appears that some other factors 

groups, that as the chromium increases from evidently control the hardness of the steel after 
about 10 to 4.0% the hardness decreases for a tempering, and I have discovered the principle 
given reheating temperature above about 1200 F. that the resistance to softening, rather than being 

TABLE 

Effect of anadium on hardness of steels after tempering 

Rockwel C hardness, After Cumulative Analysis, Per Cent 2 Hour Temperings At 
Bar 

C Cr w W Mo 50° E.200 F.250 F.300 F.350° E. 

42 28 .99 96 1. 40 54.5 53 45.5 38.5 
39 1.23 1. 40 .95 1.44 54.5 52.5 43, 5 38 

... 4 1.32 , 93 1,71 .79 53.5 50.5 46 38.5 
39 1.36 1. 39 1. ... 8 54.5 52 44.5 39.5 

. 42 1.33 9S 2,83 46 56 54.5 4.5 40 
44 - 1.37 5.5 40 i:43 28i 1.45 56 53.5 

Although the effect with vanadium is not so directly proportional to the total of the carbide 
marked as it is with chromium, the tendency is 40 forming elements, is dependent on certain ratioS 
clearly indicated in Table II particularly for re- of these elements and the carbon content of the 
heatings at 1250 and 1300 F., namely, that in- steel. As stated by Crafts and Lamont in Tech. 
creasing the vanadium content from about 0.9 Pub. 2439, AIME, 1948, the probable formulae of 
to 1.4% causes a decrease in hardneSS. the carbides of chronium, Wanadium, tungsten 

It was also found to be true, as shown in Table 45 and molybdenum in the Steels which have Sec 
III, that steels containing large totals of Cr, V, W, ondary hardening, are, respectively, CriC3; W4C3; 
and Mo were less resistant to Softening, particul- W2C and MozC. The proportions by weight of 
larly at temperatures over about 1200° F., than carbon in these compounds are .10Xpercent Cir 
steels containing smaller total amounts of these for the carbide CrC3; .18xpercent W for the car 
elements. 50 bide W4C3; 03Xpercent W for the carbide W2C 

TABLE I 

Effects of combinations of Cr, W, W, and Mo O72 
hardness of Steels after tempering 

Rockwell C Hardness, After Cumulative Analysis, Per Cent Sun. Of 2 hour Temperings At 
Bar Cr, V, 

W, Mo 
O Cr W. W Mo 50 F.1200°F.250 F.300 E.1350 F. 

42 1.33 .98 2.83 .46 6.60 56 54.5 515 47.5 40 
... 4 32 93 1.7 9 4.75 53.5 50.5 49 46 38.5 
.42 28 .99 96 1. 40 4, 63 54.5 53 50 45.5 38.5 
. 40 2.34 90 3.28 2.85 9.37 56.5 50 45 4, 5 37 
39 28 .50 2.79 2.41 7.98 54. 49.5 45 40 34 
36 2.92 92 1, 70 1.59 7.3 53.5 50, 5 45 38.5 31 

It is clear from this table that steels of the first and 06xpercent Mo for the carbide Mo2C. Now, 
group containing the carbide forming elements I have discovered that if the composition of the 
between 4.6 and 6.6% in aggregate, have much steel is So balanced that the carbon content 
better resistance to softening above 1200°F. than 70 thereof is approximately equal to the total car 
steels of the second group containing these ele- bon which can combine with the elements chro 
ments between 7.1 and 9.4% in aggregate. mium, vanadium, tungsten and molybdenum ac 

All of the data, given above serve to negate the COrding to the carbide formulae given above, then 
generally accepted opinion that increasing the resistance of the steel to softening will be 
amounts of carbide forming alloying elements, 75 greatly enhanced. On the other hand, if the 
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composition is such that the carbon content is 
appreciably less than the total amount that can 
combine with the elements, Cr, W, W, and Mo, 
according to the above formulae, then the resist 
ance to softening is relatively poor. 

Before presenting test data in support of this 
statement, consider for a moment how the for 
Inula, WOrks out for a well known commercial 
Steel, viz., 18-4-1 high speed, as compared to a 
steel in accordance with the present invention, 10 
asset forth in the following Table IV. 

5 

Many of the high alloy commercial steels con 
tain. So much of the carbide forming elements 
that the steels are hypereutectic, that is, they con 
tain residual carbides right up to the solidus tem 
perature of the steel. Accordingly, when the 
Steels are heated for hardening, even though they 
are heated at very high temperatures, all of these 
elements are not dissolved in the austenite. Con 
Sequently the martensite which forms from this 
austenite when the steel is cooled to room tem 
perature, does not contain the maximum of the 

TABLE IV 

2 Amounts of C. Which Could Combine Total 
Analysis, Per. Cent With Elements. As Carbides Aguit. WS 

Of Carbon Could Which oul 
Could Combine 

s CrC WC wo Moc | Cagne | AE Ó is, low 6.N. With d'E 
Elements, it." 

18-4-1 High Speed Steel----- 72 4.1 1.0 7.6 0.4 .4 ... 8 .53 02 I.14 --.41 
Steel of Invention------------ .56 1.3 | 1.3 2.8 1.5 ... 3 .23 .08 .09 .53 - 03 

In the steels of this table, the balance of which 
is iron, in each instance, the compositions of the 
carbide forming elements of the steels are given 
first; then follows the amounts of carbon which 
could combine with each of the elements in the 
steel according to the formulae given above; then, 
in the second column from the right, the total 
amount of carbon which could combine with 
the chromium, vanadium, tungsten and molyb 
denum in the steel is given under the heading 
“T'; and finally, in the last column at the right, 
the difference between this total amount of car 
bon that could combine with the carbide form 

25 

30 

35 

alloying elements in the steels. Since the re 
Sistance to Softening depends on the precipita 
tion of alloy carbides in the tempering of the 
martensite, the full advantage of the alloying ele 
mentS is not attained unless these elements had 
previously been dissolved in the austenite. In 
Order to measure the optimum resistance to sof 
tening, it is desirable, therefore, to heat the steels 
just short of the solidus temperature, and then 
quench and reheat them, and test for hardness 
after successively higher reheating temperatures. 
Such a procedure was carried out for a series of 

commercial steels and for steels of this invention. 
s ing elements in the steel, T, and the actual In order to make the comparison as fair as possi 

amount of carbon, C, in the steel is given under ble, all steels with one exception, were heated to 
the heading "T-C.' As shown in Table IV, for 40 2350 F., which is close to the maximum tempera 
the commercial 18-4-1 high speed Steel the car- ture permissible for 18-4-1 high speed steel. The 
bon content is considerably less than the total other steel, a vanadium-molybdenum, high speed 
carbon required completely to combine with the steel, was heated to 2225° F., approximately the 
carbide forming elements present. Therefore, Solidus temperature of this steel. The steels were 
the value of T is appreciably higher than the 45 then quenched and reheated cumulatively for pe 
value of C, and the difference between the two, riods of two hours each, at temperatures ranging 
T-C, is plus 0.41. On the other hand in the steel from 1150° to 1350° F., in fifty-degree intervals, 
of this invention, the carbide forming elements and tested for hardness after each reheating. 
are so balanced that the value of T approximates The results are shown in the following Table W. 

TABLE W 

Comparison of resistances to softening at tem 
peratures from 1150° to 1350° F. of steels of 
this invention, and commercial steels 

All steels except as noted were heated to 2350. F.; quenched; and then reheated as indicated. 

Rockwell C. Hardness, After Cumulative Analysis, Per Cent 2 hr. Temperings at - 

Bar C Cr W W MO T T-C 1150 F.1200° F.1250 F.300°F.1350° F. 

This invention.----------- 5,955 56 26 1.33 2.78 52 .54 - 02 59 56.5 52.5 47.5 43.5 
2,222 57 .35 1.36 1.22 2.38 .57 .00 59 56 52.5 47.5 41.5 
2,224 50 .35 1.38 2.26 1.93 .58 -- 08 57.5 54.5 50 46.5 42 
5,854 .42 1.28 .99 96 140 .42 .00 54.5 53 50 45.5 38.5 
5,805 .4 1.25 56 95 .75 .3 - 10 48.5 47.5 44.5 4. 33.5 
5,905 43 2.23 .59 .98 .70 . 40 - 03 50 46.5 41.5 37.5 32.5 

: it 
Commercial Steels 

18-4-1 Eigh Speed-------- 8,826 2, 4,07 1.5 - 43 60 52.5 47.5 42.5 38.5 
8.Mo-2V. High Speed-...--17,052 85 4.2 1.24 -- 39 58.5 50.5 45.5 42 38.5 
14W-2Cr Eot Work- 5,336 39 2.10 .59 --. 20 55 48, 5 4.5 38.5 34.5 
9W-3Cr Hot Work-------- 5,029 29 3.26 ... 64 --.35 48 44 39.5 35 29.5 
4W-5Cr Hot Work. ------ 5,333 38 5.29 ... 66 -- 28 45 42 34.5 3.5 28.5 
5Cr-Mo-VHot Work. 5,087 39 5.13 . 65 --.26 46 40 33.5 31.5 28.5 
5Cr-W-Mo Hot Work----- 5,332 .33 4.90 59 H.26 41.5 37.5 31.5 28.5 26.5 

eated at 2225° F. 

the value of C, the difference between them being 
Only minus 0.03. . . . . . . . . . . . ." 

It will be noted that the first four steels rep 
resentative of this invention in this table have 
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better resistances to softening at temperatures 
over 1150 F. than 18-4-1 high speed steel. This 
in itself is remarkable, because 18-4-1 high Speed 
steel has long been considered an outstanding ma 
terial in this respect. It is even more remark 
able when consideration is given to the fact that 
the alloy contents of the steels of this invention 
are So much lower than those of the 18-4-1 high 
speed steel. Furthermore, steels 5805 and 5905 
representative of this invention, have, despite their 
very low alloy contents, better resistances to Sof 
tening them all the commercial steels except the 
much more highly alloyed high speed steels, and 
the 14% Whot work steel. The savings in Vana 
dium and tungsten that are possible in the 
Steels of this invention are of considerable Stra 
tegic value to the United States of America in 
times of emergency. 

It will be noted in able W that all of the Com 
mercial steels have values of (T-C) which are 
plus 0.20, or higher; whereas the steels of this 
invention all have Values of (T-C) less than plus 
0.10. In all the Steels of this invention I keep 
the (T-C) values under plus 0.15. 

0 

15 
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8 
contains alloying elements in amounts greater 
than necessary to combine with the carbon in the 
ratioS mentioned above, that is, when the com 
position is So balanced that the value of T-C is 
greater than about plus 0.15%, the growth of 
the alloy carbide particles seems to be facilitated. 
On the other hand, if the steel contains just 
enough or Somewhat less than enough of the al 
loying elements to combine with the carbon, that 
is, When the composition is So balanced that the 
Value. Of T-C is Zero or less, the growth of the 
alloy carbide particles is retarded. Furthermore 
it appears that the more complex the composi 
tion, that is, the greater the number of the alloy 
ing elements the Steel contains the more difficult 
it is for the carbide particles to grow, and, there 
fore, the more resistant to softening the steel is. 

For this reason I prefer the steels of this in 
vention to contain all of the carbide forming ele 
ments referred to previously, namely, chromium, 
Vanadium, tungsten and molybdenum, rather 
than just one or two of them. The effectiveness 
of the larger number of these elementS is shown 
in Table WI. 

TABLE WI 

Effect of four persus three carbide forming 
elements on the resistance to Softening of the 
hardened Steels 

Analysis, Per Cent Rockwell C. Eardness, After Cumulative Tempering 
Bar T T-C 

C Cr W W Mo Bal 100°F. 150°F.1200°F.1250° p. 300 F. 350°F. 

2224----------------- 50 1.4 ... 4 2.3 1.9 Fe 58 ... 8 59 57.5 54.5 50 46.5 42 
2220----------------- . 48 1.4 1.4 ------ 2.9 . Fe 57 --09 58 55.5 52.5 4.5 43.5 39 

It will be further noted in Table V, that the 
higher the T value in the steels of this invention 
the higher the hardness. For applications, where 
wear resistance is of prime importance I, there 
fore, balance the steel to have a high T value, 
and where toughness is the more important re 
quirement, I keep the T. Value low. Generally 
for reasons of alloy economy and proper balance 
of hardness and toughness I prefer the T Values 
to range between 0.3 and 1.00. Since the carbon 
contents of the Steels of my invention are close 
to the T value, I limit the T Value to a maximum 
of 1.00 for the purpose of maintaining good 
forgeability of the steels. However I do not con 
fine myself to the use of these Steels in the forged 
condition because I have made useful hot work 
ing tools of Sand castings of the Steels of this 
in Vention. 
Although it is not yet altogether clear what 

the mechanism is that controls the resistance to 
Softening of steels of the type being discussed, it 
Seems reasonable to conclude that the 'Secondary 
hardening' when the Steel is reheated at tem 
peratures above about 900 F. is attributable to 
the precipitation of alloy carbides, and that the 
Subsequent softening When the steel is heated 
at higher temperatures is attributable to the ag 
glomeration and growth of these carbide particles. 
Since it is true that Some Steels Soften much 
more rapidly with a given heating than others, 
it seems reasonable to assume that Some alloy 
carbides are more resistant to growth than others, 
and that this resistance to particle growth, which 
accounts for resistance to SOftening, is attributable 
to the composition of the Steel. When the Steel 

50 
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It seems clear from this tabulation that even 
though the T and T-C values are practically the 
Same for both Steels, Bar 2224 containing all four 
alloying elementS is more resistant to Softening 
attemperatures over 1100 F., than Bar 2220 
Which contains only three of the alloying ele 
ments. 
Since the carbon factors for the elements vary 

from 0.3 for tungsten to .18 for vanadium, Icon 
Sider it desirable to Wary the contents of these 
elementS in the Steels of this invention so that 
the carbon combined With each element is at 
least about .03%. Thus the lower limits for these 
elementS Would be about 0.3% for chronium; 
0.2% for Vanadium; 1.0% for tungsten; and 0.5% 
for molybdenum. In addition, and in order to 
inSure adequate hardenability of the Steel, chro 
nium Should be present in amounts greater than 
about 0.5%. 

Since the carbon content of the Steel must 
increase according to the formula. With increase 
of the carbide forming elements, and since the 
toughneSS of the Steel diminishes With increase 
of carbon, I maintain the upper limits of the 
alloy contentS SO that the carbon combined With 
each element is generally no greater than about 
0.3%. This sets the upper limits of the elements 
to about 3.0% for chromium; about 2.0% for 
Vanadium; about 10% for tungsten; and about 
5% for molybdenum. However, because of the 
COst and strategic importance of tungsten, I pref 
erably limit the use of the latter element to about 
3.0%. Because of the cost factor I also prefer 
ably limit molybdenum to about 4%. 
Although nonention has been made of manga 
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nese and Silicon in the steels of this invention it 
is to be understood that all compositions contain 
up to about 1.0% of manganese and up to about 
2.0% of silicon, the remainder being Substantially 
all iron. The Silicon is useful for imparting bet 
ter scale resistance in Some of the compositions 
used for high temperature bolting Service and 
for hot work forging applications. 

claim: 
1. An alloy steel of relatively low alloy content 

which is hardenable by quenching from an auS 
tenitizing temperature, and Which undergoes Sec 
ondary hardening on Subsequent tempering at 
about 1100° F., and which is of a balanced com 
position such as to impart to said Steel in the 
quenched and tempered condition, high resistance 
against softening at temperatures upwards of 
1100° F., said steel containing about: 0.5 to 3% 
chromium, 0.2 to 2% vanadium, 1 to 3% tungsten, 
0.5 to 4% molybdenum, 0.3 to 1.2% carbon, up 
to 3% in aggregate of other elements which do 
not substantially impair said resistance of the 
steel against softening, and the balance Substan 
tially all iron, in proportions such that the Sun 
of of the chromium content, 400 of the Vana 
dium content, 3400 of the tungsten content and 
'Aoo of the molybdenum content, shall total at 
least 0.3% but shall not exceed 0.15% plus the 
carbon content. 

2. An alloy steel of relatively low alloy content 
which is hardenable by quenching from an aus 
tenitizing temperature, and which undergoes Sec 
ondary hardening on subsequent tempering at 
about 1100° F., and which is of a balanced com 
position such as to impart to Said Steel in the 
quenched and tempered condition, high resist 
ance against softening at temperatures upwards 
of 1100° F., said steel containing about: 0.5 to 
3% chromium, 0.2 to 2% vanadium, 1 to 3% 
tungsten, 0.5 to 4% molybdenum, 0.3 to 1.2% 
carbon, up to 1% manganese, up to 2% Silicon, 
and the balance substantially all iron, in propor 
tions such that the sum of to of the chromium 
content, $400 of the vanadium content, %00 of the 
tungsten content and %100 of the molybdenum 
content, shall total at least 0.3% but shall not 
exceed 0.15% plus the carbon content. 

3. An alloy steel of relatively low alloy content 
which is hardenable by quenching from an aus 
tenitizing temperature, and which undergoes Sec 
ondary hardening on subsequent tempering at 
about 1100° F., and which is of a balanced com 
position such as to impart to Said Steel in the 
quenched and tempered condition, high resist 
ance against softening at temperatures upwards 
of 1100 F., said steel containing about: 1 to 
2.5% chromium, 0.5 to 1.5% vanadium, 1 to 3% 
tungsten, 0.5 to 3% molybdenum, 0.4 to 0.9% 
carbon, and the balance substantially all iron, in 
proportions such that the sum of io of the chro 
mium content, SA00 of the vanadium content, 
3Aoo of the tungsten content and %00 of the no 
lybdenum content, shall total at least 0.3% but 
shall not exceed 0.15% plus the carbon content. 

4. A forgeable alloy steel, of relatively low 
alloy content, which is hardenable by quenching 
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from an austenitizing temperature, and which 
Undergoes Secondary hardening on Subsequent 
tempering at about 1100 F., and which is of a 
balanced composition Such as to impart to the 
Steel in the quenched and tempered condition, 
high resistance against softening at temperatures 
upwards of 1100 F., said steel containing about: 
0.5 to 3% chronium, 0.2 to 2% vanadium, 1 to 
3% tungSten, 0.5 to 4%, holybdenun, 0.3 to 
1.2% carbon, up to 3% in aggregate of other 
elements which do not Substantially impair said 
resistance of the Steel against SOftening, and the 
balance substantially all iron, in proportions 
Such that the Sun of of the chronium con 
tent, 8400 of the vanadium content, 3400 of the 
tungsten content and 5400 of the molybdenum 
content shall fall. Within the range of about 0.3 
to 1.0%, and shall not exceed 0.15% plus the 
carbon content. 

5. A forgeable alloy steel, of relatively low 
alloy content, which is hardenable by quenching 
from an austernitizing temperature, and which 
undergoes Secondary hardening on Subsequent 
tempering at about 1100 F., and which is of a 
balanced composition. Such as to in part to the 
Steel in the quenched and tempered condition, 
high resistance against Softening at tenpera 
tures upWards Of 1100 F., said Steel containing 
about: 0.5 to 3% chronium, 0.2 to 2% vanadium, 
1 to 3% tungsten, 0.5 to 4% molybdenum, 0.3 to 
1.2% carbon, up to 1% manganese, up to 2% 
silicon, and the balance Substantially all iron, in 
proportions Such that the Sum of , of the chro 
mium content, 400 of the vanadium content, 
%00 of the tungsten content and %100 of the mo 
lybdenum content shall fall within the range of 
about 0.3 to 1.0%, and shall not exceed 0.15% 
plus the carbon content. 

6. A forgeable alloy Steel, of relatively low 
alloy content, which is hardenable by quenching 
from an austenitizing temperature, and which 
undergoes secondary hardening on Subsequent 
tempering at about 1100 F., and which is of a 
balanced composition Such as to impart to the 
steel in the quenched and tempered condition, 
high resistance against Softening at temperatures 
upwards of 1100 F., said steel containing about: 
1 to 2.5% chromium, 0.5 to 1.5% vanadium, 1 to 
3% tungsten, 0.5 to 3% molybdenum, 0.4 to 
0.9% carbon, and the balance substantially all 
iron, in proportions such that the sum of of 
the chromium content, $400 of the vanadium con 
tent, 3400 of the tungsten content and 9400 of the 
molybdenum content shall fall within the range 
of about 0.3 to 1.0%, and shall not exceed 0.15% 
plus the carbon content, 
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Column 2, line, for “it” read is; column 7, line 12, for “them” read than; 

column 8, line 49, for “from 0.3’ read from .03; column 10, line 66, list of 
references cited for “July 3, 1940’ read July 30, 1940; 
and that the said Letters Patent should be read as corrected above, so that 
the same may conform to the record of the case in the Patent Office. 

Signed and sealed this 12th day of February, A. D. 1952. 

SRAL) 

THOMAS F. MURPHY, 
Assistant Commissioner of Patents. 


