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A method for the thermal treatment of rails, in particular of the rail head, in which cooling Is carried out in a cooling agent that
contains a synthetic cooling agent additive, and starting at temperatures above 720°C. The treatment is carried out by
Immersion In the cooling agent until withdrawal of the immersed areas occurs, at a surface temperature between 450 and 550°C
which results without temperature equalization across the entire cross-section, thereby avoiding hardening of the rail web whilst
maintaining an optimal cooling rate for the rail head.
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ABSTRACT

A method for the thermal treatment of rails, in particular
of the rail head, in which cooling is carried out 1n a
cooling agent that contains a synthetic cooling agent
additive, and starting at temperatures above 720°C. The
treatment is carried out by immersion in the cooling aéent
until withdrawal of the immersed areas occurs, at a surface
temperature between 450 and 550°C which results without
temperature equalization across the entire cross-section,
thereby avoiding hardening of the rail web whilst

maintaining an optimal cooling rate for the rail head.
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A PROCEDURE FOR THE THERMAL TREATMENT OF RAILS

The present invention relates to a procedure for the

thermal treatment of rails, in particular of the rail head,
in which, proceeding from temperatures above 720°C, cooling
1s carried out in a cooling agent that contains a synthetic

cooling agent as an additive.

Procedures of the type described above are known. One
known procedure uses synthetic cooling agent additives |
amounting to 20 to 50%-wt, in particular polyglycols; the
addition of synthetic cooling agent ensuring, in the first
place, homogenization of the cooling conditions whilst

maintaining a reduced cooling rate.

Usually, synthetic quenching agents are used in this
technology where it is necessary to maintain a minimal
cooling rate in order to obtain a martensite structure.
The objective of hardening of this kind is to harden the
maximal cross-section and, in the case of objects that are
of varying cross-sections, the areas of smaller cross-
section will also be completely hardened. 1In applications
of this type, the work piece can be left in the bath or

hardening bath until temperature equalization takes place.

In the event that a synthetic quenching agent is used in

conjunction with the thermal treatment of rails, any
hardening of the rail web is undesirable. Furthermore, the
objective is to achieve a finely pearlitized structure, and

the maintenance of a maximal cooling rate is required
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during fine pearlitizing of this kind. 1If, however, as in
the known procedure, the optimal cooling rate that permits
a fine pearlite structure without martensite or pearlite

were to be used in the rail head, this would mean that the

cooling rate for the essentially thinner rail web would be

much too high.

Thus, it is an object of the present invention to provide a
procedure of the type described in the introduction hereto,
with which optimal cooling rates for the rail head can be
maintained and, at the same time, any undesirable hardening
of the essentially thinner web can be prevented. In order
to solve this problem, the procedure according to the
present invention is such that treatment by immersion in
the cooling agent is continued until such time as the
surface temperature is between 450°C and 550°C, without the
temperature being equalized across the entire cross-

section, after the removal of the immersed areas.

Because removal takes place at a time at which the immersed
areas have reached a surface temperature between 450 and
550°C without temperature equalization across the entire
cross-section, 1t 1s ensured that removal is early enough
to prevent the formation of a hardness structure within the
web. Were one to wait for temperature equalization there
would, undoubtedly, be an undesirable hardening within the
web. According to the present invention, whereby a surface
temperature of 450 and 550°C is a criterion for the
timeliness of the removal, this, in conjunction with the

fact that a synthetic cooling agent additive is used, means
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that the cooling rate within the head is low enough to
prevent any hardening within the web. At the same time,
however, although the use of a synthetic cooling agent
additive leads to a reduction in the cooling rate, it also

ensures a cooling rate that is sufficiently high to ensure

the formation of an extremely strong fine-perlitic
structure within the rail head. It is advantageous that
the procedure according to the present invention be so
carried out so that synthetic additives such as, for
example, glycols or polyglycols, are added to the cooling
agent in a quantity that, at a bath temperature between 35
and 55°C, the transition from film boiling to a boiling
phase takes place at a surface temperature of approximately
500°C, which thereby indicates the desired timepoint for
removing the rails. 1In particular, the use of synthetic
additives, preferably glycols and polyglycols, in a
quantity that ensures that the correct timepoint for the
withdrawal of the rails is indicated by the bath boiling,
ensures that constant and optimal results are obtained both
for the rail head and for the web. 1If, given an
appropriate selection of the proportions of synthetic
additives, boiling begins on the surface of the rails, the
lower areas will not yet have been converted into pearlite.
Compared to cooling in a bath without synthetic cooling
agent additives, there is a relatively slower cooling
period until the boiling point is reached. Only after the
boiling phase has peen reached does the cooling rate
increase rapidly; thus, the boiling point signals a
relatively characteristic limit for the transition from

relatively slower to relatively quicker cooling within the
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bath. Once the boiling point has been reached, or shortly
thereafter, the work piece has to be removed if excessively

rapid cooling is to be avoided, and adjustment of the film

'boiling ln such a way that the head area of the rails

permits optimal pearlite formation down to a depth of
approximately 20 to 25 mm, leads, after removal, to the
fact that the deeper areas are still converted into
pearlite. In contrast to this, were the work pleces to be
left in the bath after film boiling begins, martensite
would be formed because of the more rapid cooling that
would take place. Once the boiling point has been reached,
cooling can be continued outside the bath slowly enough to
ensure complete formation of pearlite which, as has been
discuSsed above, would not be ensured once the boiling
point has been reached because of the significantly quicker
cooling within the bath. Furthermore, rapid cooling rates
of this kind in the bath also would result in the smaller
web cross-section being hardened more rapidly, and there
would still be an undesirable formation of martensite,

which would naturally increase the risk of breakage.

Important to the procedure according to the present
invention is management of the procedure by selection of
suitable quantities of synthetic additives within the
cooling agent, and precise determination of the time at
which the immersed areas must be removed in order to
prevent any undesirable hardening of other areas. The
proportion of synthetic additives within the cooling agent
determines the time of the transition from film boiling to

the boiling phase, and the adjustment of the combination
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must be such that the boiling phase is first reached in the
last cooling phase before removal, in order to ensure even
cooling. The concentration that is set must be kept steady
constantly, by using an appropriate monitoring system,
which 1s not necessary during the usual use of methods

according to the prior art. This must be done so as to
ensure that this concentration, which is essential for
timely identification of the time for removal, is not
subjected to any variations in the course of the procedure.

This also applies to the bath temperature.

In contrast to the known prior art, bath circulation should
be kept constant. With reference to the rate at which the
medium flows onto the rolled material or the rails that are
to be cooled, in the present case it must be ensured that
this 1s kept as steady as possible over the whole length of
the rolled materials or the rails, throughout the complete
thermal treatment. 1In the known procedure for hardening,
when full immersion is made from the austenitic structural
state, 1t 1s sufficient to keep only to a lower limit of
this parameter in order to maintain the hardening effect.
In contrast to this, the procedure according to the present
invention relates to a combination of immersion temperature
and i1mmersion time that provides an optimal combination for
partial immersion, the rails exhibiting a surface
temperature between 450 and 550°C at the end of the cooling

period, with no temperature equalization across the entire

cross-—section.
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During partial submersion of the rails and immersion of the
rail head, it is possible to proceed such that the rail
foot is cooled with compressed air and/or a water-air
mixture. The procedure according to the present invention
can be applied advantageouSly to a steel having a guide
analysis of 0.65-0.85% C, 0.01-1.2% Si, 0.5-3.5% Mn, 0.01-
1.0% Cr, (wt.%) and the remainder Fe and the usual

impurities.

The selection of the correct concentration for the
synthetic cooling agent additive and the step that entails
effecting the drawing at a defined time, namely the '
transition from film boiling to the boiling phase, results
in each instance in optimal results relative to the
structure formation after thermal treatment, even in the

case of different rail profiles.

The present invention will be described in greater detail
below on the basis of one embodiment of the procedure
according to the present invention; the accompanying
drawings showing details with respect to the hardness
values that can be achieved using the procedure for thermal
treatment according to the present invention:

FFigure 1 is a cross-section through a rail treated by the
procedure according to the present invention, with the HB
hardness distribution being shown for the different zones;
Figure 2 is a diagram showing hardness distribution as a
function of the distance from the middle of the top contact

surface towards the rail web.
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In this example, the following parameters were observed
when carrying out the procedure for the thermal treatment
of rails, in particular of the rail head. The rail or the
rall head that is at a temperature of 820°C is immersed in
a cooling agent that contains a synthetic cooling agent
additive; the immersion depth of the head amounting to

approximately 37 mm. Given a bath temperature of 50°C and
a selected bath synthetic additive concentration of 35%,

after an immersion time of 150 s the surface temperature is
505°C, this surface temperature being maintained, or the
immersed areas being removed at a time when temperature
equalization has not taken place across the entire rail or

rall head cross-section.

The hardness distribution that can be achieved with a

procedure of this kind is shown in Figure 1, as it applies
to a UIC o0 rail profile, the HB hardness distribution
being shown for the different areas. It is clear that the

rall head displays higher hardness values than the rail web

and the rail foot.

The diagram shown in Figure 2 indicates the HB 30 hardness
distribution that can be achieved with the procedure for
the thermal treatment of rails, as a function of the

distance from the middle of the top surface in millimeters.
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All in all, it can be seen that because of the fact that
the with drawing of the immersed work piece or of the rail
head takes place before total cross-sectional temperature
equalization occurs, an undesirable hardening of the web is

avoided, whereby the rail head displays the desired

hardness and hardness distribution.
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The embodiments of the invention in which an
exclusive property or privilege 1s claimed are defined as

follows:

1. A method for the thermal treatment of a rail
head of a rail in which cooling i1s carried out, the method
comprising:

immersing sald rall head at an i1nitial temperature of
above 720°C 1n a cooling agent bath that contains a glycol or
polyglycol additive 1n a quantity such that at a bath
temperature of between 35° and 55°C, the transition from film
boiling to a boiling phase takes place at a surface
temperature of between 450° and 550°C, so as to indicate the
time when the rail head i1s to be withdrawn from the cooling
agent;

removing said rail head from the cooling agent upon 1it
obtaining a surface temperature of between 450° and 550°C
without temperature equalization and without transformation
into a fine pearlite structure occurring over the entire
cross-section of said rail head; and

continuing cooling of said rail head at a slower rate

outside the coolant bath.

2. A method as set forth in claim 1, wherein the

ralil includes a rail foot which 1s cooled with compressed air

Or a water-air mixture.

3. A method as set forth in claim 1 or 2, wherein

the rail is steel having a guilde analysis of (wt.%) 0.65-
0.85% C, 0.01-1.2% Si, 0.5-3.5% Mn, 0.01-1.0% Cr, and the

remainder Fe and usual impurities.
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