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(54) Sub- �zero cabinet for in-�line treatment of metals

(57) The invention relates to a cooling chamber for
treatment of parts, especially metal parts, at low temper-
atures comprising an inlet for a cooling medium, an outlet

(4) for vent gas, an entrance door (1), and a separate
exit door (2) and transportation means (3) for transporting
said parts from said entrance door to said exit door.
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Description

�[0001] The invention relates to a cooling chamber for
treatment of parts, especially metal parts, at low temper-
atures comprising an inlet for a cooling medium and an
outlet for vent gas and an entrance door. Further the in-
vention relates to a method for cooling parts wherein said
parts are introduced into a cooling chamber through an
entrance door and wherein said parts are cooled down
in said cooling chamber by heat exchange with a cooling
medium.
�[0002] Processing of steels at sub-�zero temperatures
can improve various mechanical properties such as hard-
ness and strength, wear resistance and dimensional sta-
bility. There are different methods to bring steel parts
down to the desired temperature:
�[0003] For example, the parts can be cooled in a top-
loaded cryogenic box freezer. The cryogenic box is load-
ed and de-�loaded manually or by a crane from the top.
The inner volume of the box is cooled by liquid nitrogen
or cold gaseous nitrogen. The cryogenic box freezer is
an economic solution for cooling small production volu-
mens. Since loading and de-�loading require both man
power and consume time this method is not suitable for
higher production volumes.
�[0004] A sub- �zero cabinet, standing on the floor or on
legs, which can be loaded from the front partly solves
this problem since it is easier to load and de-�load. Further
it can be integrated in a heat treatment processing line.
However, it is run in batch mode and the productivity is
still limited by the loading and de-�loading through the
entrance door.
�[0005] A cryogenic tunnel freezer can easily be inte-
grated in-�line a production process. In such a sub- �zero
tunnel large volumes of parts can be cooled down in a
continuous process. But a tunnel solution has a high ni-
trogen consumption and extremely low temperatures of
below -130°C can hardly be reached. Further, long
processing times are impractical to carry out in a tunnel.
�[0006] Thus it is an object of the present invention to
provide a cooling device and a method for treatment of
parts at low temperatures.
�[0007] This object is achieved by a cooling chamber
for treatment of parts, especially metal parts, at low tem-
peratures comprising an inlet for a cooling medium and
an outlet for vent gas, an entrance door, and a separate
exit door and transportation means for transporting said
parts from said entrance door to said exit door.
�[0008] The inventive method for cooling parts wherein
said parts are introduced into a cooling chamber through
an entrance door and wherein said parts are cooled down
in said cooling chamber by heat exchange with a cooling
medium, is characterized in that said parts are transport-
ed from said entrance door to an exit door of said cooling
chamber and that said parts are removed from said cool-
ing chamber through said exit door.
�[0009] The invention provides a cooling chamber
which combines the advantages of a classical front-�load-

ed cooling cabinet with the advantages of a classical cry-
ogenic tunnel freezer. The inventive cooling chamber can
easily be integrated into a processing line.
�[0010] The parts which shall be cooled or treated at
low temperatures are introduced into the cooling cham-
ber through the entrance door and then passed through
the cooling chamber by the transportation means. During
the passage through the cooling chamber the parts are
subjected to a cooling medium and cooled down to the
desired temperature. The cooling time can preferably be
varied by changing the speed of the transportation means
which is transporting the parts. When the parts have
reached the end of the cooling chamber and the end of
the process cycle the exit door is opened and the parts
are removed.
�[0011] According to a preferred embodiment reels are
used as transportation means. The reels are preferably
driven by a motor wherein the rotational speed of the
reels is preferably adjustable.
�[0012] Preferably a liquid nitrogen source is connected
to said inlet of the cooling chamber. Liquid nitrogen has
the advantage that it is a relative cheap cooling medium
and it allows to reach extremely low temperatures. It is
preferred to feed the liquid nitrogen into the cooling cham-
ber with a pressure between 1 and 10 bara, preferably
between 1 and 4 bara.
�[0013] Preferably the liquid nitrogen is sprayed into the
cooling chamber. The evaporation cold which is gener-
ated thereby and the cold gaseous nitrogen lower the
temperature of the cooling chamber and of the parts that
are to be treated.
�[0014] The volume of the cooling chamber is adjusted
to the size of the treated batch, preferably between 0,1
and 5 m3, more preferably between 0,3 and 4 m3. Pre-
ferred dimensions of the inventive cooling chamber are
as follows: height between 0,2 m and 1,5 m, width be-
tween 0,5 m and 2,0 m and length between 0,5 m and
10 m, wherein the length is defined as the extension along
the transportation direction, that is from the entrance door
to the exit door. The cooling chamber may also be larger
if larger parts shall be treated.
�[0015] It is further preferred to provide the cooling
chamber with one or several circulating fans. The cooling
medium introduced into the cooling chamber is distribut-
ed evenly throughout the cooling chamber by the circu-
lating fans. This achieves a homogenous distribution of
temperature in the chamber.
�[0016] The invention is preferably used to cool down
parts to a temperature between +60 °C and -196°C, more
preferred to sub-�zero temperatures and most preferred
to a temperature between -50°C and -180°C. For exam-
ple, for shrink fitting of metals according to the invention
it is often sufficient to reach a temperature between -40°C
and -80°C. Nearly the same temperature range, for ex-
ample -70°C to -120°C, is utilized for cold treatment of
steel, that is to complete the metallurgic phase transfor-
mation of austenite into martensite during the hardening
of steels via quench and temper heat treatment. The in-
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ventive method may also be used to subject metal parts,
especially steel parts, to a cryotreatment at extremely
low temperatures down to -180°C for an extended period
of time, sometimes as long as 48 hours.
�[0017] The inventive method can improve various
properties of metal parts, especially of steel parts, namely
hardness and strength, wear resistance and dimensional
stability. Preferably the invention is included into a line
for heat treatment of metals.
�[0018] The invention has several advantages com-
pared to the prior art: The cooling chamber can easily be
integrated in-�line a production process. The transport of
the parts through the cooling chamber can be automa-
tised by transport reels at the bottom of the cooling cham-
ber and one entrance and one exit door. Compared to a
tunnel solution the cooling medium consumption is low-
ered but it is still benefiting from in- �line production. Low
temperatures and long treatment times can be reached
for an in-�line production process without complicated
handling as associated with a box freezer or a single door
cabinet freezer. The invention is in particular advanta-
geous for cooling metals but it can also be used for cold
treatment for polymers, medicals or food.
�[0019] The inventive system is relative cheap and re-
quires less energy than a tunnel freezer. It reaches lower
temperatures and can generate higher cooling rates. The
system is in principle maintenance free. The invention is
easy to include in heat treatment lines and to combine
with annealing.
�[0020] Preferred applications of the invention are the
following:�

• shrink fitting of metal parts, in particular steel parts,
by causing a contraction on cooling in order to facil-
itate the assembly of parts which have very close
tolerances

• cold treatment of steel, in particular of higher-�alloy
(e.g. tool steels) and carburized steel, in order to
complete the transformation of the metal microstruc-
ture from austenite to the stronger and harder mar-
tensitic structure.

• cryotreatment of metals at liquid nitrogen tempera-
tures

�[0021] The invention as well as further details of the
invention are described in the following with reference to
the accompanying drawing wherein a cooling chamber
according to the invention is shown.
�[0022] The inventive cooling chamber shown in the fig-
ure is designed as a leg standing unit. It is also possible
to place the cooling chamber directly on the floor.
�[0023] The cooling chamber comprises an entrance
door 1 and an exit door 2 which is positioned opposite
the entrance door 1. At the bottom of the cooling chamber
several reels 3 are arranged in order to transport parts
which enter the cooling chamber through the entrance
door 1. The cooling chamber is provided with an inlet for
liquid nitrogen. The liquid nitrogen is sprayed into the

cooling chamber. The evaporation cold that is generated
and the still cold gaseous nitrogen lower the temperature
of the parts to be treated. The gaseous nitrogen at ex-
tremely low temperature is distributed evenly throughout
the cooling chamber by one or several circulating fans,
not shown in the figure. The expanding gaseous nitrogen
escapes from the cooling chamber via a gas outlet 4.
�[0024] The cooling chamber as shown in the figure is
integrated into a process line for heat treatment of steel
parts.

Claims

1. Cooling chamber for treatment of parts, especially
metal parts, at low temperatures comprising an inlet
for a cooling medium and an outlet (4) for vent gas
and an entrance door (1), characterized in that  a
separate exit door (2) is provided and that there are
transportation means (3) for transporting said parts
from said entrance door (1) to said exit door (2).

2. Cooling chamber according to claim 1, character-
ized in that  said transportation means are reels (3).

3. Cooling chamber according to any of claims 1 or 2,
characterized in that  a liquid nitrogen source is
connected to said inlet.

4. Cooling chamber according to any of claims 1 to 3,
characterized in that  said entrance door (1) and
said exit door (2) are arranged opposite each other.

5. Cooling chamber according to any of claims 1 to 4,
characterized in that  the inner volume of said cool-
ing chamber is between 0,1 and 5 m3, preferably
between 0,3 and 4 m3.

6. Cooling chamber according to any of claims 1 to 5,
characterized in that  said cooling chamber is pro-
vided with one or several circulating fans.

7. Method for cooling parts wherein said parts are in-
troduced into a cooling chamber through an entrance
door (1) and wherein said parts are cooled down in
said cooling chamber by heat exchange with a cool-
ing medium, characterized in that  said parts are
transported from said entrance door (1) to an exit
door (2) of said cooling chamber and that said parts
are removed from said cooling chamber through said
exit door (2).

8. Method according to claim 7, characterized in that
liquid nitrogen is used as cooling medium.

9. Method according to claim 8, characterized in that
said liquid nitrogen is introduced into said cooling
chamber with a pressure between 1 and 10 bara,
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preferably between 1 and 4 bara.

10. Method according to any of claims 7 to 9, charac-
terized in that said parts are cooled down to a tem-
perature between +60 °C and -180 °C.

11. Method according to any of claims 7 to 10, charac-
terized in that metal parts, especially steel parts,
are cooled down.

12. Method according to claim 11, characterized in that
said metal parts are treated at low temperatures in
order to shrink fit said parts, harden said parts, trans-
form the metal microstructure of said parts and/or to
improve the wear resistance, toughness and/or di-
mensional stability.
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