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mesne assignments, to Tuff-Hard Corporation, 
Detroit, Mich., a corporation of Michigan 

Application December 18, 1940, Serial No. 370,577 
(C. 48-21.55) 29 Claims. 

My invention relates to a process for heat 
treating ferrous materials and more particularly 
high speed tool steel, and for increasing the 
toughness and hardness of Such materials which 
preferably have a tungsten content or some 
equivalent element, which have a secondary 
hardness range when Subjected to drawing opera 
tions or heats; that is, ferrous materials which 
increase in hardness upon drawing from 900 de 
grees Fahr. to 1125 degrees Fahr. It is well 
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known that ferrous materials of the character. 
described above must be hard and tough to give 
satisfactory service, and heretofore it was found 
that such heat treated ferrous materials which 
were exceedingly tough lacked hardness and con 
versely, such heat treated ferrous materials 
which were made exceedingly hard lacked tough 
neSS or tensile strength. 

During the past fifteen or twenty years, much 
has been done in improving the toughness and 
hardness of tool steels and other steel alloy ma-. 
terials. More particularly, such steel materials 
have been improved by Subjecting same to var 
ious complex heat treatments, but none, as far 
aS I am aWare, have been able to obtain a uni 
form hardness of better than 65 degrees Rockwell 
'C' with a uniform toughness or tensile strength 

cooperating to produce an ultimate uniform re 
sult far beyond normal expectancy. 
Other phases of my present invention relate 

to certain sub-combination of steps in my proc 
ess for the heat treatment of high speed tool steel 
materials in which maximum advantage is taken 
of physical and chemical changes of the material 
being treated, which steps may be employed alone 
for improving the structural character of any 
high speed tool steel material, but which are pref 
erably in many instances all combined and sub 
stantially employed to obtain the unexpected 
high degree of uniform hardness and tensile 
strength never obtained heretofore. 

5 It also will be seen that some of the steps in 
my proceSS are optional and may be omitted at 
times, the use of such optional steps depending 
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upon the character and design of the steel being 
processed, and the particular application of the 
steel material in service. More particularly, the 
various steps in my improved process are indi 
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of more than 500,000. pounds per Square inch. 
It will be appreciated that a process for treating 
Such steels, which obtain a uniform degree of 
hardness and toughness as specified above, is of 
particular importance to the machine and tool 
industry, as well as to the national defense, since 
processed tools and other products made from 
high Speed tool steel such as I have produced 
have much longer life and are exceedingly im 
portant in producing machined ferrous parts. 
My process for heat treating these ferrous ma 
terials may be employed most satisfactorily in 
producing high Speed tool steel products em 
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ployed in the manufacture of armament and mu 
nition supplies such as rifles, guns and other ord 
nance pieces and parts thereof. 
An object of my invention is to provide an im 

proved and novel process for the heat treatment 
of ferrous alloys such as high speed tool steel by 
which the ferrous alloy is made exceedingly uni 
formly tough and hard, far beyond any results 
heretofore obtained. 
My improved process consists broadly in the 

combination of a number of individually timed 
operations and corrective timed heating and 
quenching operations, together with selective 
control of the various steps in the process, all 

45 

50 

55 

vidually time controlled within certain predeter 
mined prescribed limits, and the application of 
my control determines largely the ultimate re 
Sults which are to be obtained. 

For a more detailed understanding of my in 
vention, reference may be had to the accompany 
ing detail description supplemented by the ac 
Companying graphical illustrations embodied in 
the drawing made a parthereof, and in which: 

Fig. 1 is a graphical illustration of the heat 
treatment showing the temperatures and time 
control System of the various steps in the proc 
eSS, and 

Fig. 2 is a graphical illustration of the drawing 
operations embodied in my improved process for 
the heat treatment of high Speed tool steel alloy 
materials by which is obtained the desired uni 
form toughness and hardness. 
The following process for the heat treatment 

of ferrous materials such as high Speed tool steels 
results in the production of finished products 
having exceedingly high uniform hardness and 
tensile strength. It may be here pointed out that 
I have produced steels having a tensile strength 
of over 600,000 pounds per Square inch with a 
hardness of from 65 to 68 Rockwell “C.' With 
my process, however, we can obtain Substantially 
uniform hardness and toughness of around 66 
Rockwell 'C' with a tensile strength of over 
500,000 pounds per square inch. 

Obviously in some applications, all of the fol 
lowing steps in my improved process may be emi 
ployed, while for other applications, some only 
of the steps may be employed. It will as be 

  



2. 
observed that the size and/or shape of the part 
being heat treated will vary the time control of 
the various steps in my process, and largely de 
termine the precise combination of steps to be 
employed in my process in Order to obtain the 
desired results. 
As stated above, the process is particularly ap 

plicable for high speed tool steels having a sec 
ondary hardness range upon drawing: that is, 
my process is applicable to steels which increase 
in hardness upon drawing from 900 degrees Fahr. 
to 125 degrees Fahr. Generally, my process is 
applicable to tungsten steels and other similar 
high speed tool steel alloys. 
The first step in carrying out my improved 

process for heat treatment of such steels con 
sists in spheroidizing the steel, particularly if it 
shows any signs of dendrites or ingotism. The 
spheroidizing process preferably consists of six 
separate treatments as follows; and most steels 
will be definitely improved by spheroidizing same 
as hereafter described. 

A. The steel is heated slowly from roorn ten 
perature to 200 degrees Fahr., preferably in 
about thirty minutes for sections up to three 
fourths (34) inch square, and this time is in 
creased approximately ten minutes for each one 
eighth (4) inch square increase in dimension. 
The steel may be soaked at this temperature of 
1200 degrees Fahr. for a minimum period of time 
of thirty minutes, if desired. 

B. The temperature of the Steel is now raised 
slowly from about 1200 degrees Fahr. to 1550 de 
grees Fahr., carrying same through the iron-car 
bon critical (AC3) range. The time proposed for 
heating the steel from 1200 degrees Fahr. to 1550 
degrees Fahr. is a minimum of about fifteen nin 
utes for sections up to three-fourths (A) inch 
square and the time is preferably increased ap 
proximately five minutes for each one-eighth 
(4) inch square increase in dimension of the 
steel piece being treated. This rise in temper 
ature of the steel during this step in my process 
carries the steel through the critical iron-carbon 
{AC3) range, and actually changes the iron of 
the steel alloy piece from alpha iron to gamma 
iron, in other words, the crystal formation of 
the iron is changed from a body center cubic 
lattice to a face Center cubic lattice. It is known 
that the ideal critical iron-carbon (AC) range 
is about 1380 degrees Fahr. In order to insure 
a complete change in the iron from alpha iron 
to gamma iron, it is proposed to slowly raise the 
temperature of the steel piece being treated dur 
ing this step, since the slower the heat change 
the closer to the ideal critical for iron Will be 
the change over from alpha to gamma iron. If 
this heat change should be very rapid, the com 
plete change from alpha to gamma iron may not 
take place when temperatures of 1550 degrees 
Fahr. are reached, therefore, it is essential that 
the steel be heated slowly during this step and 
the time Specified above is found to be Such as 
to effect a complete change of the iron of the 
piece being treated from alpha iron to gamma 
iron. Another advantage of employing a slow 
heat is that it makes it possible to take advan 
tage of the isothermal change as the steel alloy 
goes through this iron-carbon critical (AC) 
l'ange. 
C. The steel is next soaked at a temperature 

of approximately 1250 degrees Fahr. for a mini 
mum of about thirty minutes, permitting a fur 
ther iso-thermal change to take place in the met 
al Structure. 

iv) 
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D. Operation "B' is now repeated by raising 

the temperature of the steel material again 
through the iron-carbon critical (AC) range to 
a temperature of approximately 1550 degrees 
Fahr. preferably within the same time as set 
forth above in describing step 'B.' 

E. The naterial, is now again soaked for about 
thirty minutes at a temperature of about 1250 
degrees Fahr., substantially the same as is the 
case with the step as described in paragraph 
'C' 
F. The steel is now allowed to cool slowly to 

room temperature, preferably in a pack box or 
furnace, and preferably the steel is allowed to 
lie around for approximately twelve hours be 
fore proceeding With the next step in my im 
proved proceSS. 
The following step in my process is entitled 

“Pre-heating' and I find it is preferable to pre 
heat. the steel piece after the same has been 
allowed to lie around for about twelve hours at 
room temperature, by applying radiant heat to 
the steel piece. This preheating step is prefer 
ably carried out by placing the steel piece to be 
treated in a ceramic retort which is preferably 
externally heated and constructed to uniformly 
conduct the heat to the work by radiation. The 
steel piece being heated is thus heated to ap 
proximately at least 1000 degrees Fahr. to 1100 
degrees Fahr. but less than the iron-carbon crit 
ical (AC) range in a minimum of time amount 
ing to thirty minutes for all sections up to three 
fourths (%) inch square, and this time is in 
creased approximately ten minutes per each 
one-eighth (%) inch Square increase in dimen 
sion. Preferably the time control during this 
operation is had by shielding the steel being 
treated in any Suitable manner, so as to permit 
the absorption of heat by the steel at a certain 
predetermined rate whereby to uniformly in 
crease the temperature of said steel up to at 
least 1000 degrees Fahr. or 1100 degrees Fahr. 
within the prescribed time. 

Next, the Steel pieces are allowed to Soak sub 
stantially at these temperatures of from 1000 de 
grees Fahr. to 1100 degrees Fahr. for a period of 
time varying from thirty minutes to approxi 
mately four hours, thereby permitting an iso 
thermal change to take place in the iron struc 
ture, this change resembling in some respects 
the previous Spheroidizing process and it also al 
lows the carbide forning elements to be freed. 
After pre-heating the steel to be treated at a 

temperature, which may be varied from 1000 de 
grees Fahr. to 1100 degrees Fahr. the temperature 
of the steel is now raised slowly through the iron 
Carbon critical (AC) range to about 1550 de 
grees Fahr. and not substantially exceeding that 
temperature, as same is preferably heated to a 
degree just slightly above the iron-carbon criti 
cal (AC) range, but preferably within a mini 
mum of about fifteen minutes for sections up to 
three-fourths (%) inch square, which time is in 
Creased approximately five minutes for each one 
eighth (%) inch square increase in dimension. 
In this step the steel is also preferably uniformly 
heated by placing the same in a heated ceramic 
retort or other suitable retort providing for a 
radiation of heat from the retort to the steel be 
ing treated. The time of this heat is also prefer 
ably controlled by employing shielding around 
the Steel being treated, in order to regulate the 
amount of heat being conducted by radiation to 
the steel per unit of time. It will be observed 
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that the steel is thus heated and passes slowly 
through the iron-carbon critical (AC) range, 
but in this step, the steel is never allowed to Soak 
at the temperature of about 1550 degrees Fahr. 
as it is immediately raised to the quenching ten 
perature as quickly as possible, also preferably 
by means of radiant heat, or by any method 
which will uniformly heat the steel to the re 
quired temperature within the time prescribed. 
Preferably the steel being treated is raised to a 
quenching temperature in a carbonaceous gas, in 
an inert gas or in a vacuum, or in any atmos 
phere which will not support combustion. 
The ideal time for heating the steel being 

treated to the quenching temperature is prefer 
ably from fifty seconds to one and one-half (1/2) 
minutes for sections up to three-fourths (%) 
inch square in dimension. However, satisfactory 
results have been obtained with slower heating 
rates, up to two and one-half (2%) minutes. In 
larger sections, that is, for sections of one (1) 
inch square or over, same is preferably heated 
from 1550 degrees Fahr. by any Suitable means 
to approximately 1800 degrees Fahr. and then 
rapidly heated by radiant heat at such a rate 
that the steel piece is raised to the required 
quenching temperature preferably within the 
ideal required time limit set forth above, namely 
fifty (50) seconds to one and one-half (1/2) 
minutes. Quenching temperatures vary for dif 
ferent types of steel material from 2150 degrees 
Fahr. to 2450 degrees Fahr. and in order to raise 
the steel piece being treated to the desired 
quenching temperature it is preferable to heat 
the ceramic retort or other container to a tem 
perature of from 2650 degrees Fahr. to 2950 de 
grees Fahr., preferably averaging about 2850 de 
grees Fahr. In all cases the time for heating the 
material to this maximum quenching tempera 
ture from a temperature around 1550 Fahr. 
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must not exceed 22 minutes, and in most cases 
especially for sections of small cross-section of 
one inch square or less, the time is preferably 
held to as near the minimum as is possible. 
The above is suitable for steel pieces of aver 

age CroSS-S2Ctions which do not exceed approxi 
mately one and one-half (1/2) inches square. I 
preferably heat the retort so that it will radiate 
heat to the steel piece being heated within the 
time limit above prescribed, and it is so controlled 
as to raise the temperature of the steel approxi 
mately 50 degrees Fahr. above quenching tem 
peratures customarily employed for the piece be 
ing treated. Ideal would be to place correct size 
of piece in the correct size furnace at the correct '' 
temperature in order to bring piece to quenching 
temperature in the correct time. I also pref 
erably accomplish this by pre-heating the retort 
and turning off the source of heat, when the work 
is placed in the retort, and I preferably extract 
the steel piece being heat treated from the retort 
while the temperature of the work is still rising. 
The steel material being heat treated is then 

introduced into the quenching medium, which 
Step is hereinafter described. The time control 
for this step is very important, and the time is 
preferably varied in accordance with the tough 
neSS and hardness desired, and in accordance 
With the character and design of the material 
being treated, and the application of same in 
Service. The longer the steel is subjected to the 
high temperatures near the quenching tempera 
ture; i. e. from “a” to “b' on the curve in Fig. l, 
the resultant Rockwell 'C' hardness will be in 
creased with a consequent sacrifice in toughness. 

5 5 
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The longer the time, the more coarse the grain 
structure and carbide formation and, of course, 
this is in some instances undesirable, so it is in 
portant to control this time very exactly. If the 
Steel piece is raised to quenching temperature in 
too quick a time, there is an incomplete carbide 
precipitation, which leaves too much of the alloy 
in the matrix and results in a decrease in Rock 
well 'C' hardness, but does result in an increase 
in the toughness. 

It will thus be seen that by controlling the 
time of the step one may obtain the desired 
Rockwell hardness and correct toughness de 
pending upon the type of work for which the 
material is to be used. Another essential fac 
tor in this step is to remove the material from 
the retort while the temperature of the mate 
rial is still rising. This is accomplished by pro 
Viding a furnace with a temperature head which 
is higher than the quenching temperature of the 
Steel piece being treated. The quenching tem 
perature of the material is preferably about 50 
degrees Fahr. higher than is considered good 
practice in Standard heat treatment practice. 
This is accomplished by heating a ceramic or 
refractory retort as hot as possible and uniformly 
heating the Steel inserted in said retort solely 
by radiant heat. It is found preferable in most 
instances to heat the ceramic retort to 2850 de 
grees to 2900 degrees Fahr. and to cut off the 
heating of the retort when such temperatures 
are reached, thus allowing the heat of the retort 
to radiate into the material being treated. By 
maintaining a non-circulating gas of high CO 
Content within the retort, the steel will become 
heated as high as approximately 50 degrees Fahr. 
Over temperatures normally used without show 
ing the usual breaking up of the grain struc 
ture. It is preferable to have a retort tempera 
ture at the time of quenching only slightly high 
er than the temperature of the work. 
The quenching of the steel material is pref 

erably obtained in as fast a cooling medium as 
is practically possible. Thus, the temperature 
of the steel material in quenching is preferably 
lowered as rapidly as possible to a temperature 
just about or slightly above 400 degrees Fahr. 
and Said material is allowed to rest at this tem 
perature preferably by immersing same in a bath 
of oil at a temperature of substantially 400 de 
grees Fahr. before further quenching to room 
temperature. It is necessary that the tempera 
ture of this oil bath in which the steel material 
is Soaked should not be above 430 degrees Fahr. 
or below 380 degrees Fahr. The quenching me 
dium employed for quenching the steel material 
may be air for Sections up to about one-six 
teenth (is) inch Square. For sections from one 
eighth inch square to one-half (4) inch square, 
the quenching medium may be light oil, and for 
heavy non-critical sections the steel material 
may be time quenched rapidly in brine or water 
down to 900 degrees to 1000 degrees Fahr. and 
then relatively slower in oil or air to just about 
400 degrees Fah. 
The steel material being treated is allowed to 

rest at this soaking temperature of approximate 
ly 400 degrees Fahr. for various lengths of time, 
and the time control of this soaking operation 
partially controls the hardness and toughness 
of the product. It is very beneficial to allow the 
Steel being treated to remain at this tempera 
ture of about 400 degrees Fahr. so that the 
material is of uniform temperature through 
its entire cross-section before being further 



4. 
quenched through the last critical range (AR'). 
It will be apparent that this operation will vary 
according to the character of the material and 
to the application for which the product is in 
tended to be used. 
Attention is directed to Fig. of the drawing 

which graphically illustrates time and tempera 
ture of these steps in my improved process de 
scribed in detail above. Fig. 2 graphically ill 
lustrates the drawing operation and it shows a 
curve in which temperature is plotted against 
time. 
The drawing process hereinafter described is 

applicable with reasonable modifications to any 
steel having a Secondary hardness range upon 
drawing. This Operation is particularly impor 
tant when heat treating a tungsten steel or other 
similar high speed tool steel alloy, and the se 
quence of operations carried out in this drawing 
process makes possible the building up of tough 
neSS and hardness of the steel which has been 
heat treated as described in the preceding para 
graphs. Careful time control of the various 
steps in my proceSS make it possible to uniformly 
attain the desired results and to produce a prod 
uct which is exceedingly hard and tough. 

After the steel material is quenched and al 
lowed to rest at about 400 degrees Fahr. as de 
scribed above, the Steel pieces being heat treated 
are allowed to be cooled to room temperatures 
in many instances although for producing a 
product in which maximum toughness is desired, 
the Steel material is drawn immediately after 
being withdrawn from this Soaking bath. In 
other Words, it will be apparent that the draw 
ing operation may commence with steel pieces 
at room temperature or with steel pieces which 
have been quenched to a temperature of about 
400 degrees Fahr. When extreme toughness is 
desired it is preferable to draw the steel mate 
rial from 400 degrees Fahr. or thereabouts as 
Stated above, as it is well known that Marten 
site is formed when the temperature is allowed 
to drop below the critical temperature of 380 
degrees Fahr. and steel pieces in which Marten 
site is formed is unsuitable for treatment to ob 
tain maximum toughness. 
The first step in drawing the steel material is 

to raise the temperature of same from either 
room temperature or 400 degrees Fahr. or there 
abouts up to approximately 525 degrees Fahr., 
Within a minimum of approximately fifteen min 
utes where the, material is soaked substantially 
at that temperature for a predetermined period 
of time varying from five (5) minutes to thirty 
(30) minutes. The resultant product will be 
Come tougher the longer the same is allowed to 
Soak at this temperature, but this increase in 
toughness is had at the sacrifice of hardness. 
The soaking of the steel material being heated 
at this temperature of approximately 525 de 
grees Fahr. introduces carbon into the matrix 
as FeC3 which is subsequently drawn to sorbite 
or secondary pearlite. 
The material after SOaking at 525 degrees Fahr. 

for a predetermined time within the limits set 
forth above is then quenched in air to the start 
ing temperature 400 degrees Fahr. or room tem 
perature and then uniformly heated to a higher 
temperature of from 975 degrees Fahr. to 1125 
degrees Fahr. preferably in about 45 minutes 
minimum, but below the drawing critical range. 
After heating this material to this desired tem 
perature in the prescribed time, the same is 
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2,864,893 
allowed to Soak at this temperature for a pre 
determined time varying from ten minutes to two 
hours. The time control of this soaking opera 
tion controls the resultant toughness and hard 
ness of the heat treated product, as the greater 
the time the material is allowed to soak, the less 
tough it will be with a consequent increase in 
hardneSS. 
The next step is to allow the steel material to 

cool in air down to room temperature, or the 
Same can be cooled down to about 400 degrees 
Fahr. and held at that temperature for a time 
varying from five minutes to twenty-four hours. 
If the steel material is held a , this temperature 
of about 400 degrees Fahr., the time control has 
a direct effect on the resulting hardness and 
toughness of the product, since the greater the 
time the more tough is the material but less hard. 
It will be apparent that this dwell or resting of 
the material in cooling from the first drawing 
heat is optional and is employed when necessary 
to develop extreme toughness. 
The Steel material being treated is now allowed 

to cool to room temperature and then subjected 
to a drawing heat of approximately 800 degrees 
Fahr. in about 45 minutes minimum, and held 
there for a period of about thirty minutes and 
then allowed to cool to room temperature. This 
last drawing heat is optional, and is employed to 
correct for errors or discrepancies which may 
have crept into previous heats in order to obtain 
a product having the desired uniform hardness 
and toughness. 
A further Optional drawing heat may be had if 

desired to improve hardneSS and/or toughness in 
the treated material by Subjecting the material 
to another drawing heat of a temperature over 
1125 degrees Fahr. and preferably about 1150 
degrees Fahr. This last optional drawing heat 
is preferably carried out by heating the steel 
from room temperature to about 1000 degrees 
Fahr. in about 45 minutes minimum and more 
rapidly heating the work to the 1150 degree tem 
perature. The last step is carried out in a short 
time varying from 30 Seconds to one minute. 
The material is then quickly quenched in any 
medium, preferably oil, to about 800 degrees 
Fahr. and then further quenched in air. This 
last optional drawing heat is employed to correct 
for a deficiency in toughness as this last drawing 
heat Will slightly increase the toughness of the 
material being treated but at the expense of 
hardness. 
The process which has been described in ni 

nute detail in general employs a number of 
treatments which build up the toughness of the 
Steel material being treated, while at the same 
time maintaining a desired degree of hardness. 
All of these steps are substantially time con 
trolled. Extreme care must be taken in carrying 
out the above described process, and careful 
Watch and testing of the material is constantly 
had, So that one may slightly vary the time or 
temperature of this or that step, in order to 
obtain the best results. In some instances it is 
found unnecessary to carry through with the 
optional steps as outlined in the process, but in 
Some cases, one or more of these optional steps 
are employed. It is well known that any quan 
tity of steel that is commercially produced and 
distributed is held within minimum commercial 
limits as regards the chemical analysis, and these 
variations in the analysis of certain steels in any 
quantity which is to be heat treated, necessitates 
in many instances slight variations in the time 
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control of the various steps of the process. By 
carrying out the process for heat treating steel 
as described above, and exercising reasonable 
care, the products obtained can be spottested or 
otherwise inspected, and where deficiencies in 
toughness and/or hardness occur, the time con 
trol of the steps in the process can be varied 
within the limits set forth to correct for these 
deficiencies and as a result, I have been able to 
heat treat Steel material, and obtain uniforn 
results with such materials. I have produced 
heat treated steel pieces which are exceedingly 
tough and hard. 
The above process is exceptionally useful in 

connection with heat treating cutting tools, and 
has resulted in the production of cutting tools, 
which have exceedingly long life and which have 
materially stepped up productibn. 
My process is therefore applicable to many uses 

and is particularly applicable for cutting tools, 
and other machine elements where extreme 
toughness and hardness is desirable. By the 
process above described, it is possible to produce 
finished products which uniformly have a tough 
ness or tensile strength of over 500,000 pounds 
per square inch without Sacrificing hardness. 
Ordinary treatments increase toughness at too 
much a sacrifice of hardness, but by carrying 
through with the plurality of steps as described 
in detail in this application, I have been able to 
bring up the toughness and actually produce, 
material with a uniform tensile strength never 
before reached while maintaining a uniform high 
degree of hardness at the same time. 

It will be quite apparent that by producing 
heat treated steel material having a hardness 
which is quite uniformly maintained at approxi 
mately 66 Rockwell “C,' and in which the tough 
ness is uniformly produced at over 500,000 
pounds per square inch, that I have accomplished 
something which has never been done before. 
These results have been accomplished by carry 
ing out the sequence of operations as described, 
and by employing the time control and the cor 
rective steps in the preferred sequence as de 
Scribed above. 
There are certain steps in my process which 

are important for the successful heat treatment 
of high speed tool steels in order to obtain a uni 
form high degree of toughness and hardness to 
gether with a molecular structure from which 
are fabricated machine tools and the like that 
have been proved by actual tests to outperform 
and outlive tools of a similar character now 
available to the industry. 

It is important to control the heating rate 
in heating the material to the high temperatures 
to which the material is subjected before 
quenching, so that even submicroscopic fissures 
Will not start to form. Such fissures, though not 
readily discernible, are indicated by the brittle 
ness of the final product, especially at corners. 
Fissures may be caused also by a too rapid heat 
ing of the work in the draw and examination of 
the fissure will determine when the fissure was 
formed, as the color of the Surface of the nate 
rial in the fissure Will show whether the fissure 
was formed by a too rapid heating rate during 
the draw or prior to quenching from the high 
temperatures. If examination shows that fis 
Sures have occurred and it is determined. When 
they did Start, corrective measures can be taken 
by slowing the heating rate during the operation 
which caused the fissure to occur. In this proc 
ess, the preheating of the material is important 
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for without a preheat step substantially as de 
scribed herein, it is not possible to obtain the 
results that particularly distinguish my process 
from prior treatments. My preheat makes it 
possible to employ the rapid high temperature 
heating for obtaining the best results. 
Another feature of my process, which is 

deemed to be very important, is the very rapid 
heating of the material being treated after being 
Subjected to the right preheating operation from 
a point above the iron-carbon critical (AC3) 
range and preferably just slightly thereabove 
to the quenching temperature within the pre 
Scribed time limit. It will be observed that the 
ideal time limit for this step in my process 
varies from fifty seconds to one and a half 
minutes and should not exceed a maximum of 
tWO and one-half minutes. 
A further important step in the treatment 

of high speed steels is the rapid quenching rate 
employed. I find that it is beneficial in all cases 
to very rapidly quench the work, even as rapid 
ly as five seconds to a temperature of about 
900 degrees Fahr. In practice this rapid 
quenching varies from five to fifteen seconds, de 
pending upon the cross-section and shape of 
the steel piece being heat treated, and it is found 
that the faster the rate the finer the crystalline 
Structure and the finer the carbide size. In 
practice, I have found that these materials may 
be rapidly quenched in brine, water, kerosene, 
oil emulsions and oils having various quenching 
characteristics. The most critical sections may 
be quenched in number 1 fuel oil, with or without 
a wetting agent such as fish oil or other me 
chanical or chemical equivalents. Following 
this rapid quench, the material is further 
quenched in quenching oils having a relatively 
slower quenching rate or in air. Preferably the 
air quench is used when straightening of the 
part is necessary, otherwise I usually employ a 
slow quenching oil. 
A still further important step is in first draw 

ing the material being treated at approximately 
525 degrees Fahr. and quenching Same in air to 
400 degrees Fahr. or less before heating the steel 
piece into the secondary drawing range. Pref 
erably in all instances, I find it desirable to 
quench the piece being treated after drawing at 
525 degrees Fahr. to the same temperature as 
was the piece when the drawing operation was 
started. 
For other ferrous metals other than high speed 

steel, I have discovered that there are at least 
five important stops which should be carried 
out in sequence in order to obtain the best re 
Sults. 
The first of these important steps is the pre 

heating of the ferrous material being heated 
which is carried out at a prescribed time rate and 
soaked at a temperature which is below the 
iron-carbon critical (AC) range. 
Secondly, the next important step is that in 

which the material is heated slowly through the 
iron-carbon critical (AC3) range, it being essen 
tial that the piece be heated as slowly as is prac 
tically possible. 
A third important step is to heat the ferrous 

material as rapidly as possible to a quenching 
temperature and holding the material at 
quenching temperature no longer than is neces 
sary to secure correct heat penetration or to se 
cure the required hardness characteristics. In 
all such cases it will be observed that it is pref 
erable to heat the material by radiation in a re 
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tort which is heated to a heat which is in excess 
of the temperature of the work when commenc 
ing the quenching Operation, 
The fourth step in heat treating the steel 

material is to quench the work in as rapid a 
cooling medium as the material and shape of the 
piece will permit to either a holding tempera 
ture of around 400 degrees Fahr. Or to room tem 
perature. High speed tool steel is however pref 
erably quenched very rapidly to about 900 degrees 
Fahr, and then more slowly to around 400\de 
grees Fahr. - 
The fifth step in the treatment of steel mate 

rial is the control of the heating rate during 
the draw and the time during which the work is 
allowed to soak at the high temperature. 

It will be observed that for high speed steels 
the various drawing steps described are nore 
or less required in most cases, while in heat treat 
ing ferrous materials other than high speed steel, 
such as armor plate, it is generally sufficient to 
subject the material to only one drawing heat, 
but in order to obtain the desired results it is 
necessary to accurately control the time of the 
heating rate during this drawing operation. It 
will be observed that armor plate may be heat 
treated according to my above described process 
with a straight draw at about 750 degrees Fahr. 
In the drawing of any high Speed tool steel 

beneficial results are always obtained by a pre 
liminary drawing of about 525 degrees Fahr. 
within a prescribed time limit, then soaking same 
at about 525 degrees Fahr. for a certain pre 
scribed time, and in quenching the material to 
the starting temperature before proceeding with 
the subsequent drawing heat as heretofore de 
Scribed. 

It has been obServed that the above described 
method for heat treating ferrous material Such 
as high speed tool steels above referred to, bring 
unusual results. The rapid quench from the 
high temperature and partial resting at about 
400 degrees Fahr. reduces the hardness as meas 
ured. On the Rockwell C. Scale to a degree as much 
as five to six points lower than the hardness 
which is usually had by conventional methods. 
The steel is then subjected to the above described 
drawing heats, and the first draw at about 525 
degrees Fahr. further lowers the hardness while 
the Subsequent draws increase the hardness to 
a degree comparable with and usually higher 
than the hardness usually obtained by conven 
tional methods. 

It will be apparent to those skilled in the art 
to which my invention pertains, that the process 
may be modified within reasonable prescribed 
limits without departing from the spirit of my 
invention or from the scope of my appended 
claims. 
I claim: 
1. A process for heat treating high speed tool 

steel having a secondary hardness range upon 
drawing, comprising preheating said steel first 
to a temperature of at least 1000 Fahr, and less 
than the temperature of the iron-carbon criti 
cal (AC) range in a minimum time of about 30 
minutes, then soaking the steel substantially at 
this temperature for a period of time varying 
from a minimum of about 30 minutes to a max 
imum of approximately 4 hours, next slowly rais 
ing the temperature of the steel through the 
iron-carbon critical (AC) range to a tempera 
ture of approximately 1550' in a minimum time 
of about 15 minutes, then very rapidly raising 
the temperature of the steel being treated to a 
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quenching temperature of approximately 2150' 
Fahr. to 24.50 Fahr. within preferably a time 
interval of about 50 seconds to 1% minutes and 
not exceeding a maximum of 22 minutes, rapid 
ly quenching the heated steel to approximately 
900 Fahr. within 5 to 15 seconds, then further 
quenching the steel to a temperature of approx 
imately 400 Fahr, within a time interval varying 
from 15 seconds to 2 minutes, soaking the steel 
at this temperature of approximately 400 Fahr. 
for a time sufficient to permit penetration of 
heat substantially uniformly throughout the sec 
tion and prior to further processing of the steel, 
subjecting the steel to a plurality of timed draw 
ing heats comprising the initial heating of the 
steel to approximately a temperature of 525 
Fahr. in a minimum of about 15 minutes, soak 
ing the steel at this temperature for a period 
of time varying from about 5 minutes to 30 
minutes, quenching the steel to the starting tem 
perature and at least to about 400 Fahr., heat 
ing same to a second drawing heat of about 975 
Fahr. to 1125 Fahr. in a minimum time of 
about 45 minutes, soaking the steel at this tem 
perature for about 10 minutes to 2 hours, and 
air quenching same substantially to room tem 
perature. 

2. A process for heat treating high speed tool 
steel having a secondary hardness range upon 
drawing, comprising preheating said steel by ra 
diant heat first to a temperature of at least 1000 
Fahr. to about 1100 Fahr. and less than the ten 
perature of the iron-carbon critical (AC) range 
in a minimum time of about 30 minutes, then 
soaking the steel substantially at this tempera 
ture for a period of time varying from a mini 
mum of about 30 minutes to a maximum of ap 
proximately 4 hours, slowly raising the tempera 
ture of the steel by radiant heat through the 
iron-carbon critical (AC) range to a tempera 
ture of approximately 1550 Fahr. in a minimum 
time of about 15 minutes, then very rapidly rais 
ing the temperature of the steel being treated 
by radiant heat to a quenching temperature of 
approximately 2150° Fahr. to 2450° Fahr., in an 
ideal time interval of about 50 seconds to 1/2 
minutes and not exceeding a maximum of 2/2 
minutes, rapidly quencing the heated steel to 
approximately 900 Fahr. within 5 to 15 seconds, 
then further quenching the steel to a temperature 
of approximately 400 Fahr. in a time interval 
varying from about 15 seconds to 2 minutes, soak 
ing the steel at this temperature of approximately 
400 Fahr. for a time sufficient to permit penetra 
tion of heat substantially uniformly throughout 
the section and prior to further processing of 
the steel, subjecting the steel to a plurality of 
timed drawing heats comprising the initial heat 
ing of the steel to approximately a temperature 
of 525° Fahr, in a minimum time of about 15 
minutes, soaking the steel at this temperature 
for a period of time varying from about 5 min 
utes to 30 minutes, quenching the steel to the 
starting temperature and at least to about 400 
Fahr., heating same to a second drawing heat of 
about 975° Fahr. to 1125 Fahr. in a minimum 
time of about 45 minutes, soaking the steel at 
this temperature for about 10 minutes to 2 hours, 
and air quenching Same substantially to room 
temperature. 

3. A process for heat treating high speed tool 
steel having a secondary hardness range upon 
drawing, comprising preheating said steel first to 
a temperature of at least 1000 Fahr. to about 
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100° Fahr. and less than the temperature of the 

iron-carbon critical (AC3) range in a minimum 
time of about 30 minutes, then soaking the steel 
substantially at this temperature for a period of 
time varying from a minimum of about 30 min 
utes to a maximum of approximately 4 hours, 
next slowly heating said steel through the iron 
carbon critical (AC3) range to a temperature of 
about 1550 Fahr. in a minimum time of about 
15 minutes, then rapidly heating said steel as 
quickly as is possible to a quenching ten 
perature of approximately 2150 Fahr. to 2450 
Fahr., rapidly quenching the steel and in 
cluding a soaking of the steel at a temperature 
of about 400 Fahr. for a time sufficient to permit 
penetration of heat substantially uniformly 
throughout the section and prior to further proc 
essing of the steel, subjecting the steel to a plu 
rality of timed drawing heats comprising the 
initial heating of the steel to approximately a 
temperature of 525 Fahr. in a minimum time of 
about 15 minutes, SOaking the steel at this ten 
perature for a period of time varying from about 
5 minutes to 30 minutes, quenching the steel to 
the starting temperature and at least to about 
400 Fahr., heating same to a second drawing 
heat of about 975 Fahr. to 1125° Fahr. in a mini 
mum time of about 45 minutes, soaking the Steel 
at this temperature for about 10 minutes to 2 
hours, and air quenching same substantially to 
room temperature. 

4. A process for heat treating high speed tool 
steel having a secondary hardness range upon 
drawing, comprising preheating said material 
first to a temperature of at least 1000 Fahr. to 
about 1100" Fahr. and less than the temperature 
of the iron-carbon critical (AC) range in a mini 
mum time of about 30 minutes, then Soaking the 
material Substantially at this temperature for a 
period of time varying from a minimum of about 
30 minutes to a maximum of approximately 4 
hours, next slowly raising the temperature of the 
material through the iron-carbon critical (AC3) 
range to a temperature of approximately 1550° 
Fahr. in a minimum. time of about 15 minutes, 
then very rapidly raising the temperature of the 
material being treated to a quenching tempera 
ture of approximately from 2150 Fahr. to 2450° 
Fahr. in a time interval of about 50 seconds to 
1% minutes and not exceeding a maximum of 2% 
minutes, and rapidly quenching the heated ma 
teral to approximately 900 Fahr. in 5 to 15 Sec 
onds, then further quenching the material to a 
temperature of approximately 400 Fahr. in a 
time interval varying from about 15 Seconds to 2 
minutes, and soaking the material at this tem 
perature of approximately 400 Fahr. for a time 
sufficient to permit the penetration of heat Sub 
stantially uniformly throughout the section prior 
to further processing of the material. 

5. A process for heat treating high speed tool 
steel having a secondary hardness range upon 
drawing, which comprises subjecting same to a 
preheating operation comprising first raising the 
temperature of the steel from room temperature 
to a temperature of at least 1000 Fahr. and less 
than the temperature of the iron-carbon critical 
(AC3) range in a minimum time of approximately 
30 minutes, next, soaking the steel substantially 
at this temperature for periods of time varying 
from about 30 minutes to 4 hours, and next slowly 
raising the temperature of the steel being treated 
through the iron-carbon critical (AC3) range to 
a temperature of approximately 1550 Fahl. in a 
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minimum time of about 15 minutes, the afore 
said preheating operation thus preparing the steel 
So that same can be heated quickly in a predeter 
mined time interval to a maximum quenching 
temperature of 2450 Fahr. and then rapidly 
quenched. 

6. A process for heat treating high speed tool 
steel having a secondary hardness range upon 
drawing, comprising preheating said steel to a 
predetermined temperature of at least 1000 Fahr. 
but leSS than the temperature of the iron-carbon 
critical (AC3) range, soaking the steel for a time 
varying from about 30 minutes to approximately 
4 hours at substantially said predetermined tem 
perature, slowly heating the steel through the 
iron-carbon critical (AC3) range and thence as 
rapidly as possible to a quenching temperature 
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at which the iron carbides go into solution, and 
quenching said steel. 

7. A process for heat treating high speed tool 
steel having a Secondary hardness range upon 
drawing, comprising preheating said steel to a 
predetermined temperature of at least 1000° 
Fahr. but less than the temperature of the iron 
Carbon critical (AC3) range, soaking said steel 
Substantially at said predetermined tempera 
tures for a minimum time of about 30 minutes, 
Slowly raising the temperature of the steel being 
treated through the iron-carbon critical (AC3) 
range to a temperature of approximately 1550 
Fahr., then rapidly raising the temperature of 
the material by radiant heat to a quenching tem 
perature at which the iron, carbides go into solu 
tion and providing a head of heat in excess of 
the amount required to raise said steel to the 
quenching temperature aforesaid, and then 
quenching the steel while the temperature of the 
steel being treated is still rising. 

8. A process for heat treating high speed tool 
steel having a secondary hardness range upon 
drawing, comprising preheating the steel to a 
temperature of at least 1000 Fahr. but less than 
the iron-carbon critical (AC3) range, soaking 
Said steel substantially at this temperature for a 
time sufficient to free carbide forming elements 
and to obtain a uniform isothermal change in 
the Steel, slowly heating the steel through the 
iron-carbon critical (AC3) range to a tempera 
ture of approximately 1550 Fahr., heating said 
Steel to a maximum quenching temperature of 
approximately 2450 Fahr. in about 50 seconds 
to 1/2 minutes and not exceeding a maximum 
of 2/2 minutes, and then quenching the steel. 

9. A process of heat treating high speed tool 
steel having a secondary hardness range upon 
drawing, comprising preheating the steel to a 
temperature of at least 1000 Fahr. and arrest 
ing the temperature rise of said steel between 
1000 Fahr. and the temperature of the iron 
carbon critical (AC3) range for a time sufficient 
to free carbide forming elements and to effect a 
Substantially uniform isothermal change in the 
Steel, then relatively slowly heating said steel 
through the iron-carbon critical (AC3) range. 
then Subsequently heating the steel to quickly 
raise the temperature of the steel from a tem 
perature of about 1550 Fahr. to a quenching 
temperature of from 2150 Fahr. to 2450 Fahr. 
in about 50 seconds to 12 minutes and not ex 
ceeding a maximum of 2% minutes, and quench 
ing the steel. 

10. A process of heat treating high speed tool 
steel having a secondary hardness range upon . 
drawing, comprising preheating the steel to a 
temperature of at least 1000 Fahr. and arresting 
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the temperature rise of said steel between 1000 
Fahr. and the temperature of the iron-carbon 
critical (AC3) range for a time sufficient to free 
carbide forming elements and to effect a sub 
stantially uniform isothermal change in the steel, 
then relatively slowly heating said steel through 
the iron-carbon critical (AC) range to a tem 
perature of about 1550 Fahr., subsequently sub 
jecting the Steel to a relatively high radiant heat 
in a furnace to quickly raise the temperature of 
the Steel to a quenching temperature of from 
2150 Fahr. to 2450° Fahr. in about 50 seconds 
to 12 minutes and not exceeding a maximum 
time of 2/2 minutes, and quenching the steel. 

ll. A process for heat treating high Speed 
tool Steel having a Secondary hardness range 
upon diaWing, comprising first raising the ten 
perature of the steel by radiant heat from room 
temperature to a temperature of at least 1000 
Fahr. and less than the temperature of the iron 
carbon critical (AC3) range in a minimum time of 
approximately 30 minutes, next soaking the steel 
substantially at this temperature for periods of 
time varying from about 30 minutes to 4 hours, 
then slowly raising the temperature of the steel 
being treated through the iron-carbon critical 
(AC) range to a temperature of about 1550°Fahr. 
by radiant heat in a minimum time of about 15 
minutes, the aforesaid preheating operation thus 
preparing the steel so that same can be heated 
quickly to a maximum quenching temperature 
of about 2450 Fahr. and then rapidly quenched. 

12. In a progress for toughening and hardening 
high Speed tool steel having a secondary hard 
neSS l'allige upon drawing and Which has baen 
Subjected to a time controlled preheat and a 
quenching temperature heat of from 2150 Fahr. 
to 2450 Fahr., a quenching operation compris 
ing rapidly quenching the steel from said quench 
ing temperature to a temperature of about 900' 
Fahr. in about 5 to 15 seconds, further quenching 
the Steel at a l'elatively slower rate to a tempera 
ture of about 400 Fahr. in about 15 Seconds to 
2 minutes, and holding the temperature of the 
Steel Substantially at said temperature of about 
400 Fahr. for a time sufficient to permit the 
penetration of heat Substantially unifornly 
throughout the Section at this temperature prior 
to further processing of the Steel. 

13. A method of preheating high speed tool 
Steel having a secondary hardness range upon 
drawing preparatory to hardening, which com 
prises the heating of the steel from room tem 
perature to a temperature of at least 1000 Fahr. 
to 1100 Fahr, but less than the iron-carbon 
critical (AC3) range in a minimum time of about 
30 minutes, then soaking the steel substantially 
at this temperature for a period of time varying 
from a ninimum of about 30 minutes to a maxi 
mum of approximately 4 hours, and next slowly 
heating said steel through the iron-carbon 
critical (AC3) range to a temperature of about 
1550 Fahr. in a minimum time of about 15 
minutes. 

14. In the heat treatment of high speed tool 
Steel having a secondary hardness range upon 
drawing, a process of toughening and hardening 
same subsequent to quench hardening, compris 
ing first heating the steel to a drawing tempera 
ture of approximately 525 Fahr., soaking the 
steel substantially at this temperature, air 
quenching the steel to the starting temperature, 
and subsequently subjecting the steel to at least 
one more drawing heat including a drawing heat 
wherein the steel is subjected to heat sufficient 
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to raise the temperature of same to approxi 
mately 975 Fahr. to 1125 Fahr., soaking said 
steel at this temperature for a minimum time of 
about 10 minutes, and air quenching same to at 
least the starting temperature. 

15. In the heat treatment of high speed tool 
steel having a secondary hardness range upon 
drawing, a process of toughening and hardening 
same Subsequent to quench hardening, compris 
ing, first heating the steel to a drawing tem 
perature of approximately 525 Fahr. in a mini 
mum time of about 15 minutes, soaking the steel 
at the aforesaid temperature for an interval of 
time varying approximately from about 5 to 30 
minutes, air quenching the steel to the starting 
temperatule, and subsequently subjecting the 
steel to at least one more timed drawing heat, 
including a drawing heat of approximately 975 
Fahr. to 1125 Fahr. 

16. In the heat treatment of high speed tool 
steel having a secondary hardness range upon 
drawing, the process of toughening and harden 
ing same subsequent to quench hardening, com 
prising first heating the steel to a drawing tem 
perature of approximately 525 Fahr. in a mini 
mum time of about 15 minutes, soak'ng the steel 
substantially at the aforesaid temperature for an 
interval of time varying approximately from 
about 5 to 30 minutes, air quenching the steel to 
the starting temperature, and subsequently sub 
jecting the steel to at least one more timed draw 
ing heat including a drawing heat of approxi 
mately 975° Fahr. to 1125 Fahr. in which the 
steel is heated to this temperature in a minimum 
time of about 45 minutes, soaking the steel at 
this temperature from about 10 minutes to about 
2 hours, and air quenching the steel to the start 
ing temperature. 

17. In the heat treatment of high Speed tool 
steel having a secondary hardness range upon 
drawing, the process of toughening and hardening 
same subsequent to quench hardening, compris 
ing first heating the steel to a drawing tempera 
ture of approximately 525 Fahr. in a minimum 
time of about 15 minutes, soaking the steel sub 
stantially at the aforesaid temperature for an 
interval of time varying approximately from 
about 5 to 30 minutes, air quenching the steel 
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to the starting temperature, and subsequently 
subjecting the steel to additional timed drawing 
heats including at least one drawing heat of ap 
proximately 975 Fahr. to 1125°Fahr. in which the 
steel is heated to this temperature in a minimum 
time of about 45 minutes, soaking the steel at 
this temperature from about 10 minutes to about 
2 hours, air quenching the steel to the starting 
temperature, and subjecting said steel to further 
corrective drawing heats comprising first heating 
the steel from room temperature to a tempera 
ture of approximately 800 Fahr. in a minimum 
time of about 45 minutes, soaking the steel at 
this temperature for about 30 minutes, quenching 
the same to room temperature, next heating the 
steel in about 45 minutes to about 1000 Fahr, 
further heating the steel to about 1150° Fahr. 
Within approximately 30 seconds to 1 minute, 
rapidly quenching the steel in oil to about 800 
Fahr. and further quenching in air to room tem 
perature. 

18. A process for heat treating high speed tool 
steel having a secondary hardness range upon 
drawing, comprising preheating said steel to a 
temperature of from 1000 Fahr. to 100° Fahr., 
Soaking said steel substantially at this tempera 
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ture for a time varying approximately from 30 
minutes to 4 hours, slowly raising the tempera 
ture of the steel being treated through the iron 
carbon critical (AC) range to a temperature of 
approximately 1550 Fahr., rapidly raising the 
temperature of the steel to a relatively high 
quenching temperature at which the iron car 
bides go into solution in a time interval varying 
from about 50 seconds to 1% minutes and not ex 
ceeding a maximum of 2% minutes, and then 
quenching said steel rapidly in a cooling medium, 

19. A process of heat treating high speed tool 
steel having a secondary hardness range upon . 
drawing, which comprises preheating said steel 
first to a temperature of at least 1000 Fahr. but 
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less than the temperature of the iron-carbon 
critical (AC) range in a minimum time interval 
of about 30 minutes, soaking said steel substan 
tially at this temperature for an interval of time 
of from about 30 minutes to approximately 4 
hours, next heating the steel through the iron? 
carbon critical (AC) range to a temperature of 
approximately 1550 Fahr. in a minimum time in 
terval of about 15 minutes, then rapidly heating 
the steel to a maximum quenching temperature of 
approximately 24.50 Fahr. in about 50 seconds to 
1/2 minutes and not exceeding a maximum of 2% 
minutes, and then rapidly time quenching the 
steel. 

20. A process for heat treating high speed tool 
steel having a secondary hardness range upon 
drawing, which comprises carrying same through 
a plurality of heating cycles and including the 
heating of the steel to a temperature of at least 
1000 Fahr. but less than the temperature of the 
iron-carbon critical (AC) range in a minimum 
time interval of about 30 minutes, soaking said 
steel substantially at this temperature for a time 
interval varying approximately from 30 minutes 
to 4 hours, then raising the temperature through 
the iron-carbon critical (AC) range to a tem 
perature of about 1550 Fahr. in a minimum time 
interval of about 15 minutes, then very quickly 
raising the temperature of the steel being treated 
to a quenching temperature of 2150 Fahr. to 
2450 Fahr. in about 50 seconds to 1/2 minutes 
and not exceeding a maximum of 2% minutes, 
and while so heating said steel to provide an 
adequate head of heat so that the temperature 
of said steel material is still rising When same 
reaches quenching temperature, and quenching 
said steel material, the heat transfer in at least 
some of the heating steps aforesaid being ac 
complished substantially by means of radiant 
heat. 

21. A process for heat treating high speed tool 
steel having a secondary hardness range upon 
drawing, comprising preheating same first to a 
temperature of at least 1000' Fahr. but less than 
the temperature of the iron-carbon critical (AC). 
range in a minimum time of approximately 30 
minutes for sections up to 4 inch square and 
increasing said time approximately 10 minutes 
for each ye inch square increase in dimension, 
soaking of said steel substantially at this tem 
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1% minutes and not exceeding a maximum of 
2% minutes to a quenching temperature approxi 
mately from 2150 Fahr. to 2450 Fahr., and 
rapidly time quenching the steel while the tem 
perature of same is rising. . 

22. A process of heat treating high speed tool 
steel having a secondary hardness range upon 
drawing, comprising preheating said steel first to 
a temperature of at least 1000 Fahr. but less 
than the temperature of the iron-carbon critical 
(AC) range in a minimum time interval of apout 
30 minutes, soaking said steel substantially at 
this temperature for an interval of time from 
about 30 minutes to approximately 4 hours, next 
heating the steel through the iron-carbon criti 
cal (AC) range to a temperature of approxi 
mately 1550 Fahr. in a minimum time interval 
of about 15 minutes, then rapidly heating the 
Steel to a maximum quenching temperature of 
approximately 2450 Fahr. in about 50 seconds 
to 1% minutes and not exceeding a maximum of . 
2% minutes, and then rapidly quenching the steel, 
the minimum times heretofore specified being 
applicable for heat treating steel material for 
sections up to three-fourth inch square and being 
relatively proportionally increased for each one 
eighth inch Square increase in dimension. 

23. A process of heat treating high speed tool 
steel having a secondary hardness range upon 
drawing, comprising preheating said steel first 
to a temperature of at least 1000 Fahr. but less 
than the temperature of the iron-carbon criti 
cal (AC) range in a minimum time interval of 
about 30 minutes, soaking said steel substantially 
at this temperature for an interval of time of 
from about 30 minutes to approximately 4 hours, 
next heating the steel through the iron-carbon 
critical (AC) range to a temperature of approxi 
mately 1550 Fahr. in a minimum time interval 
of about 15 minutes, then rapidly heating the 
steel to a maximum quenching temperature of 
approximately 24.50 Fahr. in about 50 seconds to 
1% minutes, and not exceeding a maximum of 
2% minutes, then rapidly quenching the steel, 
the aforesaid minimum time interval of about 
30 minutes for preheating the steel to approxi 
mately 1000 Fahr. being applicable for heat 
treating steel material for sections up to three 
fourth inch Square and being increased approxi 
mately ten minutes for each one-eighth inch 
Square increase in dimension, and the aforesaid 
minimum time of approximately fifteen minutes 
for heating the steel through the iron-carbon 
critical (AC) range being also applicable for sec 
tions up to three-fourth inch square and in 
creased approximately five minutes for each one 
eighth inch square increase in dimension. 

24. A process of heat treating high speed tool 
steel having a Secondary hardness range upon 
drawing, which comprises subjecting a preheated 
Steel of a temperature of about 550 Fahr. which 
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perature for periods of time varying from about 
30 minutes to approximately 4 hours, next slowly 
raising the temperature of the steel through the 
iron-carbon critical (AC) range in a minimum 
time of approximately 15 minutes for sections up 
to A inch square and increasing said time ap 
proximately 5 minutes for each inch square 
increase in dimension, then rapidly raising the 
temperature of the steel in about 50 seconds to 
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has been previously subjected to an isothermal 
change at a temperature between 1000 Fahr. and 
the iron-carbon critical (AC) temperature, to 
relatively high heat in a furnace to quickly raise 
the temperature of the steel to a maximum 
quenching temperature of about 24.50 Fahr. in 
about 50 seconds to 1% minutes and not exceed- . 
ing a maximum of 2% minutes, and subjecting 
the steel to a quenching operation comprising the 
rapid quenching of the steel from said quenching 
temperature to a temperature of about 900 
Fahr., immediately further quenching the steel 
at a relatively slower rate to a temperature of 
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about 400 Fahr, and then subsequeritly air 
quenching the steel to room temperature. 

25. A process of heat treating high speed tool 
steel having a secondary hardness, range upon 
drawing, which comprises subjecting the steel to 
a plurality of successive preheating operations 
comprising the heating of the steel to a prede 
termined temperature of at least 1000 Fahr.but 
less than the iron-carbon critical (AC) range, 
soaking said steel at substantially said predeter 
mined temperature. for a time Sufficient to free 
carbide forming elements and to obtain a uni 
form isothermal change in the steel structure, 
then relatively slowly heating the steel through 
the iron-carbon critical (AC) range to a tem 
perature of about 1550 Fahr., from which tem 
perature said steel is immediately subjected to 
further relatively higher temperature heat treat 
ments to carry the iron carbides into Solution 
and then quenched hardened. 

26. A process of heat treating high speed tool 
steel having a secondary hardness range upon 
drawing, which comprises subjecting a preheated 
steel of a temperature of about 550 Fahr, which 
has been previously subjected to an isothermal 
change at a temperature between 1000 Fahr. 
and the iron-carbon critical (AC). tempera 
ture, to a relatively high heat in a furnace to 
quickly raise the temperature of the steel to 
a maximum quenching temperature of about 
2450 Fahr. in about 50 seconds to 1A minutes 
and not exceeding a maximum of 2 minutes, 
and subjecting the steel to a quenching opera 
tion comprising rapid quenching of the steel 
from said quenching temperature to a tempera 
ture of about 900 Fahr., further quenching the 
steel at a relatively slower rate to a tempera 
ture of about 400 Fahr., holding the tempera 
ture of the steel at said temperature of about 
400 Fahr., for a time sufficient to permit pene 
tration of heat substantially uniformly through 
out the section at this temperature, and then 
Subsequently air quenching the steel to room ten 
perature. 

27. A process of heat treating high speed tool 
Steel having a Secondary hardness range upon 
drawing, which consists in subjecting a preheated 
steel of a temperature of about 1550°Fahr, which 
has been previously subjected to an isothermal 
change at a temperature between 1000 Fahr. and 
the iron-carbon critical (AC) temperature, to 
a relatively high heat in a furnace to quickly 
raise the temperature of the steel to a maxi 
nun quenching temperature of about 2450 Fahr. 
in about 50 seconds to 1% minutes and not ex 
ceeding a maximum of 2% minutes, and sub 
jecting the steel to a timed quenching opera 
tion comprising rapid quenching of the steel 
from said quenching temperature to a tempera 
ture of about 900 Fahr. in about 5 to 15 seconds, 
further quenching the steel at a relatively slower 
rate to a temperature of about 400 Fahr. in 
about 15 seconds to two (2) minutes, and hold 
ing the temperature of the steel at said tem 
perature of about 400 Fahr. for a time suff 
cient to permit the penetration of heat sub 
Stantially uniformly throughout the section at 
this temperature prior to further processing of 
the steel in which same can be immediately sub 
jected to a drawing operation commencing at 400 
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perature and then subjected to a drawing oper 
ation commencing at room temperature, 

28. A process for heat treating high speed tool 
steel having a secondary hardness range upon 
drawing, which Comprises spheroidizing the steel 
by first heating same to approximately 1200 
Fahr. in a minimum of approximately 30 min 
utes for sections up to 4 inch square and in 
creasing said minimum time approximately 10 
minutes for each 4, inch square increase in di 
mension, then repeatedly relatively slowly rais 
ing and lowering the temperature of the steel 
by Subjecting Same to a plurality of timed heats 
and quenches through the iron-carbon critical 
(AC) range, then quenching the same to room 
temperature, preheating the spheroidized steel 
to a temperature of at least 1000 Fahr, but less 
than the temperature of the iron-carbon criti 
cal (AC) range in a minimum time of approxi 
mately 30 minutes, soaking said steel substan 
tially at this temperature for periods of time 
varying from about 30 minutes to approximately 
4 hours, slowly raising the temperature of the 
steel through the iron-carbon critical (AC) range 
to a temperature of about 1550 Fahr. in a mini 
mum of time of approximately 15 minutes, then 
rapidly raising the temperature of the steel by 
radiant heat preferably in about 50 seconds to 
1% minutes and not exceeding a maximum of 
2% minutes to a quenching temperature of ap 
proximately from 2150 Fahr. to 24.50 Fahr. 
said last mentioned heat having been obtained 
by means of radiant heat from a thermal head 
exceeding that required to heat the steel to the 
quenching temperature aforesaid, and then while 
the temperature of the steel is still rising, the 
quenching of same when the temperature of the 
steel Substantially reaches the quenching tem 
perature aforesaid. 

29. A process for heat treating high speed 
tool steel having a secondary hardness range 
upon drawing, which comprises spheroidiz 
ing the steel by first heating same to approxi 
mately 1200 Fahr. in a minimum of approxi 
mately 30 minutes for sections up to A inch 
square and increasing said minimum time ap 
proximately 10 minutes for each 4, inch square 
increase in dimension, then repeatedly relatively 
slowly raising and lowering the temperature of 
the steel by subjecting same to a plurality of 
timed heats and quenches through the iron 
carbon critical (AC) range, then quenching the 
steel to room temperature, preheating the sphe 
roidized steel to a temperature of at least 1000° 
Fahr. but less than the temperature of the iron 
carbon critical (AC) range in a minimum time 
of approximately 30 minutes, soaking said steel 
substantially at this temperature for periods of 
time varying from about 30 minutes to approxi 
mately 4 hours, slowly raising the temperature 
of the steel through the iron-carbon critical 
(AC) range to about 1550 Fahr. in a mini 
nun time of approximately 15 minutes, then 
rapidly raising the temperature of the steel to 
a quenching temperature of approximately 2150 
Fahr. to 2450 Fahr. in about 50 seconds to 14 
minutes and not exceeding a maximum of 2% 
minutes and then rapidly quenching the steel. 
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