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(54) Method for rolling a metal strip or foil

(57) The invention relates to a method for rolling a
metal foil or strip comprising the following steps:
- passing a metal strip or foil (12) through a pair of inter-
acting work rolls (13) of a rolling mill (10) in order to per-

form reduction in thickness of the metal strip or foil (12),
and
- herein utilizing liquid air as a cryogenic coolant.
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Description

[0001] The invention relates to the field of roll cooling
for rolling mills, especially aluminium strip or foil rolling
mills.
[0002] Aluminium rolling in rolling mills requires lubri-
cation in order to achieve an acceptable finish of the strip,
especially at higher reductions. Also, the rolling process
generates a large amount of heat, which must be dissi-
pated in order to prevent the equipment, especially the
rolls of the rolling mill, and/or the aluminium strip being
rolled from overheating. Thus, efficient cooling of the rolls
is required.
[0003] It is known to use water based emulsions as
rolling coolant and lubricant. Herein, it is necessary that
the water is fully removed from the aluminium strip im-
mediately after rolling, as otherwise stains are created,
which are difficult to remove.
[0004] It is also known to use kerosene as lubricant
and coolant.
[0005] As the use of kerosene has significant fire safety
issues, it is also known to use cryogenic gases or liquids
as a coolant in industrial rolling processes. This is dis-
cussed for example in PCT/GB2009/051590. The term
cryogenic shall refer to substances which are normally
gases at room temperature, but are maintained in liquid
state by suitable control of temperature and pressure.
[0006] PCT/GB2009/051590 especially describes the
use of cryogenic nitrogen. Use of nitrogen as a coolant
can, however, lead to an oxygen deficiency in the vicinity
of the rolling mill. In order to eliminate safety risks for an
operator at such a mill in connection therewith, elaborate
safety measures are required. For example, in order to
prevent a build-up of gases, which reduce oxygen levels
in operator acces areas around the mill,
PCT/GB2009/051590 suggests provision of a construc-
tion comprising an inner chamber and an outer chamber
provided with extraction points and valves, by means of
which it is attempted to control the extraction rate of the
inner chamber to ensure that the outer chamber is always
held at a negative pressure compared to the operator
areas, thus minimizing gas emissions from the outer
chamber, ensuring the safety of the mill operator.
[0007] This double chamber construction is consid-
ered to be expensive to provide and maintain.
[0008] The object of the invention is thus to be able to
provide a simplified construction for the above discussed
rolling mills. This object is achieved by utilizing a method
according to claim 1.
[0009] Advantageous embodiments are the subject
matter of the dependent claims.
[0010] With the method according to the invention, any
danger of a reduction of oxygen levels in the vicinity of a
rolling mill can be avoided, as the liquid air used as cry-
ogenic coolant has the same chemical composition as
the ambient air. Thus, elaborate constructions for con-
taining coolants subsequently to their usage are not nec-
essary.

[0011] Advantageously, liquid air is directed to one or
more of a plurality of zones on the surface of at least one
of the work rolls through which the metal strip is passed
via cryogenic fluid applicators. For example, this plurality
of zones may be provided along the width of the work
rolls (thus also along the width of the metal strip passing
through the work rolls), so that an effective control of the
cooling process is possible.
[0012] Expediently, the metal strip or foil is coated with
a lubricant before being passed through the work rolls.
[0013] It is especially advantageous to provide the liq-
uid air used for the method according to the invention by
means of a liquefaction unit, especially an on-site lique-
faction unit. A liquefaction unit is, essentially, a simplified
version of an air separation unit, in which ambient air is
initially cooled down into temperatures, at which it liqui-
fies. Subsequent means for separation of liquified air into
its individual components are, according to the invention,
not necessary. Liquefaction units can be provided in a
cost effective manner, so that especially the on-site com-
bination of a rolling mill employing the method of the in-
vention and a liquefaction unit is advantageous, taking
into account the large amounts of cryogenic coolant
needed.
[0014] It is also possible to provide the liquid air as
synthetic liquid air by mixing liquid oxygen with liquid ni-
trogen as well as, if desired, with other air components,
such as carbon dioxide.
[0015] The method of the invention is advantageously
used in connection with the rolling of aluminium strips or
foils.
[0016] The invention will no be further described with
reference to the appended figures. Herein,

Figure 1 shows a schematically simplified side view
of a rolling mill, with which the method of the invention
can be implemented; and

Figure 2 shows a schematically simplified side view
showing an additional preferred feature of the rolling
mill according to Figure 1.

[0017] In Figure 1 there is shown schematically a pre-
ferred embodiment of a rolling mill 10, with which the
method according to the invention can be implemented.
A preferred feature of rolling mill 12 is presented in Figure
2.
[0018] Herein, an aluminium strip or foil 12 passes
through the rolling mill from left to right (indicated by arrow
11). Interacting mill rolls 13 and back up rolls 14 are pro-
vided to perform the reduction in thickness of the strip
12, as is known in the art. Before entering the region
between work rolls 3, a lubricant is applied to strip 12,
preferably on both sides.
[0019] A cryogenic storage and delivary system 15
supplies cryogenic coolant to coolant applicators 17, for
example via insulated and protected feed pipes 16. Sys-
tem 15 is preferably implemented as an on-site a lique-
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faction unit.
[0020] The coolant applicators 17 can be divided into
seperate zones accross the width of the strip 12 in order
to apply different or variable cooling effects accros the
width of the rolls, for example to provide a flatness controll
for the strip 12.
[0021] It is advantageous to also provide heating de-
vices 18 on the entry side of the mill. These heating de-
vices 18 may be provided anywhere of the vicinity of the
work rolls 13, taking into account mill size, space and
heating effect.
[0022] The heating devices 18 can also be divided into
separate zones over the width of the strip 12 or the rolls
13 in order to apply corresponding separate heating ef-
fects.
[0023] As is also well known in the art, a (not shown)
control system is used to ensure that the metal rolling
process provides the desired properties to the strip 12,
espcially regarding thickness and/or flatness.
[0024] It is advantageous to direct the cryogenic cool-
ant to an area designated 21 in Figure 2. This area can
be referred to the "arc" area, as opposed to an area 24
adjacent to where the strip comes into contact with the
rolls 13, referred to as "wedge area", of work rolls 13 in
order to effectively limit application of cryogenic coolant
to area 21, shields 22 can be provided, as shown in Figure
2. Depending on the position of coolant applicators 17,
arc area 21 may be longer or shorter, as well as in a
different circumferential position as compared to the one
shown in Figure 2 by way of example only.
[0025] According to the invention, liquid air is used as
cryogenic coolant, i.e. liquid air is applied to the metal
sheet 12 by means of cryogenic cooling applicators 17.
[0026] As the composition of liquid air corresponds to
that of the surrounding (gaseous) air, there is no danger
of any reduction of oxygen levels in the vicinity of the mill.
Thus, according to the invention, there is no need to pro-
vide elaborate protection chambers and corresponding
valve systems to protect an operator in the vicinity of the
mill.
[0027] Also, equipment for monitoring any oxygen de-
ficiencies in the vicinity of the mill can be omitted.
[0028] Utilization of liquid air also assists in providing
a dry internal atmosphere in the vicinity of the mill, thereby
reducing the risk of any icing inside the mill. During the
liquefaction of air all water is removed and the liquefied
air contains essentially not water. Thus, use of liquefied
or liquid air for the cooling inside the mill will not create
any icing. The main advantage over liquid nitrogen is
safety. Liquid nitrogen also contains no water, but use of
it inside the mill without any safety precautions will be
extremely dangerous in the surroundings, and especially
to the operators working at the mill. Therefore by using
air, all of the extra safety precautions can be avoided.
[0029] There are two preferred methods of providing
cryogenic air for the cryogenic storage and delivery sys-
tem 5. Firstly, it is possible to provide cryogenic oxygen
and cryogenic nitrogen in separate tanks. By mixing the

contents of these tanks, synthetic liquid air can be pro-
vided. This mixture is then led into the feed pipes 16 an
to the coolant applicators 17 as described above.
[0030] It is also possible to provide cryogenic air by
using an air liquefaction unit (as already mentioned
above), which serves to cool gaseous air down to tem-
peratures, at which it liquifies. This method is especially
preferred, as typical quantities of cryogenic coolant re-
quired by a rolling mill justify an on-site production unit.

Claims

1. Method for rolling a metal foil or strip comprising the
following steps:

- passing a metal strip or foil (12) through a pair
of interacting work rolls (13) of a rolling mill (10)
in order to perform reduction in thickness of the
metal strip or foil (12),and
- herein utilizing liquid air as a cryogenic coolant.

2. Method according to claim 1, wherein liquid air is
directed to one or more of a plurality of zones on the
surface of at least one of the work rolls (13) via ate
least one cryogenic fluid applicator (17).

3. Method according to claim1 or 2, wherein the metal
strip or foil (12) is coated with a lubricant before being
passed through the work rolls (13).

4. Method according to any one of the preceding
claims, wherein the liquid air is provided by means
of a liquifection unit (15), especially an on-site lique-
faction unit.

5. Method according to any one of preceding claims 1
to 3, wherein the liquid air is provided as synthetic
liquid air by mixing liquid oxygen with liquid nitrogen.

6. Method according to any one of the preceding
claims, wherein application of the cryogenic fluid
and/or the lubricant is controlled by means of a con-
trol device.

7. Method according to any one of the preceding
claims, wherein the metal strip or foil (12) is an alu-
minium strip or foil.

8. Usage of liquid air as cryogenic coolant in roll cooling
of metal strips or foils, especially aluminium strips or
foils.
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