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My invention relates to the heat treatment
of rails. :
An important object of my invention is the
prevention of permanent strains in the metal
5 of the rail which tend to be produced therein
during cooling, particularly during such
. rapid cooling as occurs during quenching.
My invention comprises cooling a rail from
above the critical range in such manner that
10 the temperature of: the flanges and web are
gradualfy lowered through the critical range
and then, before the major mass of the metal
in_the head has cooled to the critical range,
subjecting the head to rapid cooling in order
15 to lower the temperature of the head metal
rapidly through the critical range.
The object of such treatment is to obtain
the enhanced properties resulting from a
quenching operation in the head of the rail
20 which obviously is the portion of the rail
which is subject to the greatest stresses and
wear in service. By first allowing the web
and flanges to pass through the critical range
. before subjecting the rail to the rapid cool- .
25 ing action, it is possible to avoid stresses and
strains which might be produced in the rela-
tively thinner web and flange portions,
To illustrate my invention a specific em-
bodiment thereof will now be described. The
30 drawing gives a cross section, full size, of a
rail to which this specific description ap-
plies. This rail weighs about 140 Ilbs. per:
yard and has a composition within the fol-
lowing ranges: '

b5 "
Carbon | Manganese | Phosphorus | Sulphur| Silicon
.02 1.32 .023 .044 .18
.72 1.43 .022 . 042 .19
.68 12 023 062 .13
40 .72 J.T9 .024 + 060 .19
: 74 68 .023 . 049 .28
.86 81 023 .057 .22

This section is of the well known “girder”
type, such as is used in street railways and
45 the like. : o
. A rail of the cross section shown is pro-
duced in the rail mill in the usual way. It
is allowed to cool on a cooling bed until sub-
stantially all of the metal of the web and

60 flanges has dropped below the eritical range.

Obviously; because of the much greater thin-

-ness of the flanges 10, and web 11 as compared

with head 12, the web and flanges will drop
below' the critical range before the major
portion of the mass of metal of head 12 has
reached the critical range. With the web
and flanges thus ccoled, but before the tem-
perature of the major mass of metal in the
head has dropped to the critical range, the
rail is immersed in a water bath for a period
of, say thirty seconds and is then immedi-
ately transferred to and immersed in a bath
of molten lead having a temperature of about
1000° F. It is kept in this lead bath a pe-
riod of four to five minutes. From the lead
bath it is immediately transferred to a closed
furnace which is maintained at a temperature
of about 1000° F. where it is kept at a sub-
stantially uniform temperature For a period
preferably of between one hour and one and
one-half hours, although it may be kept in
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this furnace a somewhat greater length of

time, say up to three hours.  The rail is then
withdrawn from the furnace and allowed to
cool in the air. _

The treatment just outlined comprises first
the cooling of -the rail gradually until the-
greater part of the metal in the web and
flanges has passed through the critical range;
second, the rapid reduction of temperature of
the major mass of the metal in the head
through the crtical range; third, the equaliz-
ing of thetemperature of the metal in the rail;
fourth, the “drawing” of the metal of the
rail in the furnace, that is to say, producing
a sorbitic or troostite-sorbitic micro-structure
in the hardened metal of the head ; and fifth,
the cooling of the rail to atmospheric tem-
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perature.

The important feature of the invention,
which is to be covered by the following
claims, is the quenching of the rail after the
web and flanges have been allowed to cool
gradually through the crifical range. By
quenching through the critical range and
then “drawing”, the desired micro-structure
is seeured in the major mass of metal of the
head and thereby greatly enhanced physical
properties of such metal are obtained. B
allowing the web and flanges to cool gradual- 100
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ly through the critical range before subject-
ing the rail to the quenching operation dan-
gerous stresses are prevented in these por-
tions of the rail. This treatment is particu-
larly valuable and finds its principal appli-
cation in the treatment of rail sections hav-
ing flanges and webs of relatively thin sec-
tion. In the example which has been given
flanges 10 and web 11 are relatively thin and
contain much less metal than is possessed by
head 12. If such a rail section with substan-
tially its entire mass above the critical range,
including the metal of the web and flanges,
were to be quenched in a bath of water for a
sufficient length of time to cause the entire
mass of metal in the head to pass through
the critical range, the web and flanges would
be subjected to a quench entirely too drastic.
Such treatment would necessarily produce
strains and stresses in the thin web and
flanges that would frequently be fatal to the
rail. By first allowing the web and flanges
to drop below the critical range these parts
are saved from such damaging effects.
Obviously there are various departures
from the practice outlined in the description
of a particular example. While it is desir-
able to employ a lead bath for equalizing the
temperature, or at least initiating the equal-
izing operation, it is obvious that such treat-
ment may be omitted under some circum-
stances. The equalization may be effected in

" the “drawing” furnace, the lead bath being
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omitted. It is important in practice, how-
ever, to effect some sort of equalizing opera-
tion before the major mass of metal of the
head has dropped to the blue heat zone. .
When the rail is immersed in the lead bath,
a goodly proportion of the head of the metal
is still above the blue heat zone. While the
rapid cooling operation has been sufficient to
lower the temperature of the entire mass of
the rail metal to temperatures below the criti-
cal range the interior of the head is still
above the blue heat zone. It is desirable to
effect the equalizing before this interior por-
tion of the head has dropped through the blue
heat zone. Obviously the furnace step might
be omitted by leaving the rail in the lead
bath long enough to accomplish the drawing

operation therein. Instead of an immersion.

in the lead bath for a period of from four to
five minutes the immersion would then be
maintained for an hour or longer.  Obvious-
ly the time periods given for rapid cooling,
lead bath treatment, and drawing will vary
somewhat with the particular section and
weights of metal in the head of the particular
rail section being treated. The figures given
have been found to be effective for the par-
ticular section shown. | ’

The best results have been obtained when
the entire mass of the rail head has been rap-
idly cooled to the critical range but obviously
my process is not limited to such treatment.
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For example, the rapid cooling operation
may be so limited in duration that a substan-
tial portion of the interior of the rail head is
not rapidly cooled through the critical range
but only the more external portions thereof.

Although it is desirable to employ the
process on rails while they still retain the mill
heat, it may be desirable at times to reheat
and treat rails which have already been
cooled to atmospheric temperatures. Obvi-
ously in such cases the rail may be heated
above the critical range and then treated in
accordance with the methods which have
been set forth.

What I mean by the “blue-heat zone”, as
this expression is used in this disclosure, is
that range of temperatures, below the critical
range where steels in heating markedly in-
crease in tensile strength and the elastic limit,
and also markedly decrease in ductility. At
temperatures, within this range, most steels
when exposed to air take on a blue color, due
to oxidation, but since, with some steels, this
color is not readily apparent, I do not wish to

be limited to the color as a means of deter- .

mining or defining this zone.

By the expression “critical range” I mean
that temperature range through which the
steel must be cooled to effect a hardening
thereof. This range will vary with the par-
ticular composition of the steel.

Having thus described my invention what
I claim and desire to secure by Letters Pat-
ent is: )

1. A process for the heat treatment of
rails, comprising the steps of allowing the
rail to cool gradually from the mill heat until
substantially all of the metal of the web and
flanges has cooled to a temperature below the
critical range, and then, before the major
mass of the head has cooled to the critical
range, subjecting the entire rail to a cooling
medium to lower the temperature of the head
rapidly through the critical range.

2. A process for the heat treatment of rails,
comprising the steps of allowing the rail to
cool gradually from the mill heat until sub-
stantially all of the metal of the web has
cooled to a temperature below the critical
range, and then, before the major mass of the
head has cooled to the critical range, subject-
ing the entire rail to rapid cooling to lower
the temperature of the head rapidly through
the critical range.’ .

3. A process for the heat treatment of rails,
comprising the steps of allowing the rail to
cool gradually from the mill heat until sub-
stantially all of the metal of the flanges has

“cooled to a temperature below the critical

range, and then, before the major mass of
the head has cooled to the critical range, sub-
jecting the entire rail to a cooling medium to

-lower the temperature of the head rapidly

through the critical range.
4. A process for the heat treatment of rails,
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comprising the steps of gradually cooling
the web §nd ﬂang?es thr%flgh ch critical
range and then, before the major mass of
metal of the head has dropped to the critical -
range, subjecting the entire rail to an aqueous
medium to rapidly lower the temperature of
the head through the critical range. o

5. A process for the heat treatment of rails, '
comprising the steps of allowing the rail to
cool gradually from the mill heat until sub-
stantially all of the metal of the web and
flanges has cooled to a temperature below the -
critical range an then, before the major mass
of metal in the head has dropped to the criti--
cal range, immersing the entire rail in an
aqueous bath, heating the rail to equalize the
temperature at a temperature between the
critical range and the blue heat zone before
the major mass of the metal in the head has
passed through the blue heat zone. .

6. A process for the heat treatment of rails,
comprising the steps of allowing the rail to
cool gradually from the mill heat until at
least a major portion of the metal of the web
and flanges has cooled to a temperature be-
low the critical range and then, while a sub-
stantial proportion of the head metal is still
above the critical range, subjecting the en-
tire rail to rapid cooling to rapidly Iower the
temperature of the metal of the head through
the critical range. ‘ BT

In testimony whereof I hereunto affix my

signature. :
EDWARD F. KENNEY.



