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UNITED STATES PATENT OFFICE 
2,618,284 

SEAE.EREATMENT 6Of EAROENABLE STEL 
Charles G. Purnell, Pittsburgh, Pa., assignor to 

Ugated States Steel Company, a corporation of 
New? Bersey 

Coma?ination of application Seria No. 478,535, 
Marca 9, 1943, whica is a divisioa o appes 
tioma Seria i No. 346,224, July 8, 1949, NOW 
Pateiaé, No. 2,322,777, iated June 29, 943. Tais 
applicationa November 22, 946, Seria Ne. 

2 Clairgas. 

This invention relates to the hardending het 
treatment of hardenable steel, and is a division 
of my Patent No. 2,322,777, dated June 29, 1943; 
and is a continuation of my Copending application 
Serial No. 478,535, filed March 9, 943. 
Of the prior art methods, the one most widely 

used is to heat the steel above its critical ten 
perature so that its microscopic structure trans 
forms to austenite, it then being quenched at 8, 
rate at least equaling its critical cooling rate to 
a temperature causing its austenite to transform 
to martensite and then tempered as required to 
develop the physical properties desired. This 
method is objectionable in that it is difficult or 
impossible to quench Certain steel shapes at a 
rate as fast as the critical cooling rate of the 
steel to sufficiently low temperature by prior art, 
methods of quenching, the danger of quenching 
Cracks is always present and the hardened steel 
is lacking in toughness and ductility. 
A relatively recent method is to heat the steel 

to transform its structure to austenite and to 
then quench the steel at a rate at least equaling 
its critical cooling rate to a temperature caus 
ing its austenite to directly transform to the 
structure providing the physical properties de 
sired, the temperature of the steel being held 
substantially constant during the austenitic 
transformation. This method eliminates many 
of the objectionable features of the method dis 
cussed in the preceding paragraph but is sub 
ject to Certain limitations. Thus, the method is 
limited in its application to steel in relatively 
small sections, while cost prevents its use in some 
instances since the necessary quenching bath 
is expensive to maintain and the time required 
for the isothermal transformation may be ex 
tensive. ?? 
With the foregoing in mind, the primary ob 

ject of the present invention was to improve ön 
these prior art hardening heat treatments of 
hardenable steel to the end of developing a means 
for adjusting the physical properties of such 
steel without involving the objections of the more 
common prior art method or the limitations of 
the more recently developed method. The in 
vention that will now be described successfully 
attains this object. ? 
According to the invention, hardenable steel is 

first heated to a temperature above its critical 
temperature or, in other words, it is heated so 
that its structure transforms wholly to austenite. 
As in all heat treatments, this heating should be 
done as uniformly as possible while the maximum 
temperature and time factors depend largely on 
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the grain structure it is desired to imper, the 
steel. 
The steel is then quenched at a rate at east 

equaling, and preferably exceeding, its critical 
cooling rate to a temperature materially below 
that causing its austenite to transform to the 
structure providing the physical properties de 
sired. However, the steel should not be cooled 
to a temperature causing its austenite to trans 
form to martensite at the rate the steel is cooling. 

It is to be understood that if the quenched 
steel is allowed to remain at its quenched tem 
perature sufficiently long, its austenite will ultie 
mately transform completely to martensite or 
some other structure than the ultimate structure 
providing the exact physical properties desired. 
However, before any austenitic transformation, 
the steel is reheated to a temperature causing its 
austenite to transform to the structure providio 
ing the physical properties desired, the steel be 
ing held, preferably constant, at this temperature 
until transformation of its austenite is complete. 
Since the treatment is a hardening one, the 

temperature where the austenitic transformation 
is effected is other than causes austenite transe 
formation to coarse pearlite, and since marter 
site is neither tough nor ductile, the temperature 
is other than causes austenite transformation to 
martensite. This involves all the advantages of 
the prior art method of effecting isothermal aus 
tenite transformation but is not subject to 
its limitations, the quenching of the steel to a 
temperature materially lower than that where 
austenite transforms to the structure providing 
the desired properties conditioning the austenite 
in Some manner so that it transforms directly to 
this structure much more rapidly than is possi 
ble when the steel is placed in a quenching bath 
maintained at the isothermal transformatiori 
temperature. Also it is possible to use water 
brine or light oil as a quenching medium in co 
junction with an ordinary reheating furnace, the 
practice being economical in this respect. 

In the case of steel having thick and thin sec 
tions, the quenching to a lower temperature than 
the austenite transformation temperature pro 
ducing the ultimate structure desired, removed 
heat most rapidly from the thin section, and 
since during the reheating heat is put back into 
this thin section most rapidly, an equalizing 
effect is obtained, the thicker section cooling more 
slowly but reheating more slowly. By keeping 
the quenching temperature above that causing 
the production of martensite, quenching cracks 
cannot develop, it being understood that it is 
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preferable to quench the steel to a temperature 
closely approaching but not reaching that caus 
ing quenching cracks. In any event, the quench 
ing temperature should always be materially 
below the temperature at which the steel is quick 
ly reheated so that its austenite may transform 
to the ultimate structure desired. 

It is to be understood that when the steel has 

and small masses, that the invention cannot be 
simultaneously applied to both masses. That is 
to say, if the principles of the invention are ap 
plied to the large mass, martensite may not be 
avoidable in the small mass during the quench; 
and if they are applied to the small mass, the 
large mass may not be adequately quenched so 
as to produce the desirable acceleration in the 
austenite transformation rate. In instances 
where the invention is applied to the large mass, 
the small mass may be quenched and tempered in 
the prior art manner, the tempering occurring 

4. 
propeller of a 30 foot motor boat capable of drive 
ing this boat at least 30 miles an hour. In other 
words, the propeller S is capable of moving the 
liquid in the tank at terrific velocity and with 
extreme force and to give agitation other than 
direct impingement. 
As the steel articles move from the exit 4 down 

the chute S and particularly down the perforate 
a physical shape providing both relatively large 

O 

20 

during the time the austenite of the large mass 
is transforming in the desired manner. 
The accompanying drawings illustrate heat 

treating apparatus that has been developed to 
carry out the method that has been described, the 
various figures being as follows: 

Figure 1, a plan; t 
Figure 2, an elevation in section on the line 
- in Figure ; 
Figure 3, a horizontal section on the line III 

III in Figure 2; - 
Figure 4, a modification of Figure 2; 
Figure 5, a chart graphically showing an ex 

ample of the invention; and 
Figure 6, the article treated as shown by Fig 

ure 5. 
More specifically, these drawings show a heatre 

ing furnace having a heating chamber and a 
soaking or temperature adjusting chamber 2, it 
being in this furnace that the steel is rendered 
fully austenitic in as even a manner as is pos 
sible. This furnace is of the continuous type hav 
ing an entrance 3 and an exit s, with a conveyor 
5 for continuously conveying steel articles 
through it. The furnace should be equipped with 
an adequate temperature controlling system. 
A declining chute 6 leads from the exit 4 into a 

tank 7 for containing the quenching liquid. This 
liquid may be brine, water or a light oil; that is to 
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say, an oil of low viscosity. The best quenching 
effect has been found to be obtained by a 
petroleum oil having a Saybolt viscosity of 100 
115 seconds at 100 F., a flash point of from 
310-330° F., a pour test of approximately 40 at 0° 
F. and a fire point of from 350-360 F. 
The chute 6 has a perforate portion 6 below 

the normal liquid level in the tank and a pro 
peller 8 is positioned opposite this perforate por 
tion to force the quenching liquid through its 
holes. This propeller is mounted On a drive shaft 
9 powered by a motor 0 that is mounted so it 
can tilt, the angularity of the propelles and its 
height being adjustable by a mounting which 
raises or lowers the drive shaft 9. Furthermore, 
the mounting and the motor are arranged 
so that they can be slid back and forth over the 
top of the tank so that the propeller 8-can be 
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spaced any distance desired from the perforate 
portion 6 of the chute 6. 
The motor C is extremely powerful and the 

propeller 8 is large and of relatively heavy pitch, 
the arrangement being such that the propeller 
can move the quenching liquid with substantially 
the same force that it would be moved by the 
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portion of the chute, the quenching action oc 
curs. Since this must exceed the critical cooling 
rate of the steel and since no appreciable amount 
of nartensite should be produced during the 
quenching, it is necessary to vary the cooling ac 
tion, and this is done by adjusting the spacing of 
the propeller 8 from the perforate portion 6A and 
the angularity of this propeller, as well as the 
propeller speed, the motor 6 being a variable 
speed notor or geared head motor to obtain the 
propeller speed and desired adjustment. The 
rate at which the articles fall down the declining 
chute 6 also may be adjusted, this being done by 
adjusting the angularity of the chute, it being 
hinged at its top and provided at its bottom with 
adjustable supports 2 for this purpose. In all 
cases a very violent quenching action giving uni 
form wiping and wetting is necessary so that in 
all instances the steel will be uniformly quenched 
at a rate exceeding or at least equaling its critis 
cal cooling rate. 
A further feature is the provision of baffles 8 

forming a channel extending longitudinally of 
the propeller 8 and on the outside of which the 
quenching liquid reversely passes after it has 
once been driven through the holes of the per 
forate portion 6 of the chute 6. A liquid cooler 
4 receives the liquid from the tank by way of 
an exit 5 positioned in the end of the tank op 
posite the chute so as to receive the quenching 
liquid traveling outside the baffles 8, the cooled 
liquid leaving the cooler 4 and entering the tank 
by an entrance 6 directly behind the propeller 

8. The cooler f4 may be any of the conventional 
types but naust, of course, have sufficient capacity 
to keep the liquid sufficiently cool to properly 
perform its quenching function. Since the pro 
peller 8 noves such a terrific volume of liquid it 
is impossible for the exit 5 to handle all the flow 
outside of the baffles 3, the latter, therefore, be 
ing open, as at 3 so that the propeller action 
driving the liquid from the channel bounded by: 
these baffles 3 will not result in emptying this 
channel or driving the liquid over the tanktop. 
A continuous conveyor T having a loading por 

tion beneath the chute 6 catches the articles 
dropping from the end of the chute and quickly 
carries then continuously from the tank, this 
conveyor having an unloading portion outside the 
tank for dropping them on the receiving end of 
the conveyor 8 of a continuous reheating fur 
nace 19. In this fashion the quenched steel is 
quickly transferred to the reheating furnace, 9, 
the latter being operated at a temperature caus 
ing the temperature of the steel to rise to that 
where its austenite quickly transforms directly 
to the structure providing the physical proper 
ties desired. The furnace 9 need not be made 
unduly long ... since the transformation of the 
austenite proceeds extremely rapidly after the 
quenching phase of the method. The steel leav 
ing the furnace f 9 drops into a cooler 20. . . . . . 
The modification shown by Figure 4 is mainly 

featured by the use of a short conveyor 2 be 
tween the chute 6 and the conveyor 7, this pro 
longing the quenching period to allow time for... 
proper cooling of sections which might be so 

  




