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METHOD TO CONTROL THE TEMPERATURE OF AN ELECTROMAGNETIC PUMP

Field of the invention

The invention relates to a method to control the temperature of an
electromagnetic pump for feeding liquid metal to an evaporator device in a vacuum
chamber, as well as to an electromagnetic pump. Such a device is for instance used in
deposition of a metal coating on a substrate by means of physical vapour deposition
(PVD).

Background of the invention

For continuous or semi-continuous PVD coating processes on an industrial
scale a vacuum coating set-up is required that is able to process large amounts of
coating material over time. Furthermore, when thermal evaporation is used the
temperature of the liquid in the evaporator device has to be much higher than the
melting point of the material to be evaporated. Hence, it is desirable and cost effective
to have a small evaporator device and to supply material into the evaporator device to
meet the demand. Feeding can be done with either solid or liquid material. However,
the best way is to feed with liquid metal from a large liquid reservoir which has the
advantage that the oxide content in the evaporator is minimised and that the latent
heat of melting and the specific heat of the material do not have to be supplied at the
evaporator device.

The PVD coating device disclosed in US2664852 has a reservoir for liquid metal
in the vacuum chamber. With this set-up the maximum campaign length is quite
limited. In more recent PVD coating devices the liquid metal reservoir is places outside
the vacuum chamber, see for instance W02012081738. However, due to the
pressure difference between the vacuum at the evaporator device and the liquid metal
reservoir a force is executed on the liquid metal in the reservoir which needs to be
controlled. This force will change when the liquid level in the reservoir drops, the
vacuum pressure at the evaporator device changes or the level in the evaporator
device changes and needs to be controlled to keep a constant supply to the
evaporator device to ensure a constant evaporation.

The supply of liquid metal from the liquid metal container to the evaporator
device can be controlled in different ways. In US3059612 it is disclosed to lift the
container with liquid metal in order to keep the height difference between the liquid

metal surface in the evaporator device and the level in the liquid metal container
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constant. However, a change in barometric pressure will already give rise to a different
level in the evaporator device and as a result a change in evaporation.

In US3581766 an additional reservoir is provided between the main liquid metal
container and the evaporator device. In this intermediate reservoir the level is kept
constant by means of an overflow drain through which the liquid flows out of the
intermediate reservoir back to the main liquid metal container. However, the issue with
a varying barometric pressure still exist and the question how to start or stop the
system without breaking the vacuum might prove difficult. Hence, first off-all a valve is
required between the liquid metal container and the evaporator device, see for
example W(02012081738. It is tried to use such a valve to control the flow but this is
impractical and it is not possible to empty the evaporator device at the end of an
experiment without breaking the vacuum. A better solution is disclosed in
W02013143692 where both a valve and a pump are used to control the flow.

However, there are still other issues that are not covered in the aforementioned
publications. One of the issues with the reservoir being located outside the vacuum
chamber is related to the fact that the feed tube has to pass through the wall of the
vacuum chamber. The feed through for the feed tube must be able to accommodate
the expansion difference that occur during heating of the whole set-up but should be
such that the vacuum conditions in the chamber are not affected. This can be done
with a bellow type of connection, see for instance GB1220020, but it is just as
important that this set-up does not generate a cold spot which might result in freezing
of the melt and as such a blockage.

Another requirement is that all the tubing and the electromagnetic pump should
be heated to the required temperature and maintained at that temperature during
operation. More in particular the heating of the electromagnetic pump requires special
attention because due to the construction of the electromagnetic pump cold spots in
the pump may easily occur.

Another issue with the reservoir being located on the outside is possible
contamination of the feeding system with oxides from the liquid container which might
be introduced in the evaporator or the tubing and generate issues with the evaporation
or blockage. In patent JPS5938379 a start up procedure is described that uses a
reducing gas to remove the oxides. However this will not work for all kinds of liquids
and the vacuum is changed during this process.

Jet another requirement is that all the tubing should be heated to the required
temperature and furthermore as stated in patent US3408224 it might be necessary to
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degas the liquid material prior to the deposition to assure that this degassing is not
occurring in the evaporator which might disturb the evaporation process.

Finally the method disclosed in W0O2015067662 makes it possible to drain the
evaporator without braking the vacuum but it is without additional measures not

possible to empty all the tubing in the system.

Objectives of the invention

It is an objective of the present invention to provide a method to provide
sufficient heating of the electromagnetic pump.

It is another objective of the present invention to provide a method to provide for
a sufficient heating of the tubes of the system.

It is another objective of the present invention to provide a method wherein heat
losses of the electromagnetic pump and the tubes of the system is further limited.

It is still another objective of the present invention to provide an electromagnetic

pump with means to easily control the heating of the electromagnetic pump.

Description of the invention

According to a first aspect of the invention one or more of the objectives of the
invention are realized by providing a method to control the temperature of an
electromagnetic pump in an apparatus wherein a liquid metal is supplied through a
feed tube from a container adapted to contain a liquid metal to an evaporator device in
a vacuum chamber, wherein the supply of the liquid metal is controlled by exerting a
force on the liquid metal in the container, the pressure in the evaporator device and by
the electromagnetic pump in the feed tube, wherein the method comprises:
- providing an electromagnetic pump which is at least partially made of an electric
conductive material,
- supplying current for the electromagnetic pump through the electric conductive
material, and
controlling the temperature of the electromagnetic pump by controlling one or more of:
- the force exerted on the liquid metal in the container,
- the current of the electromagnetic pump, and/or
- the strength of the magnet field of the electromagnetic pump.

The temperature of the electromagnetic pump is at least partially determined by
the current through the electric conductive material of the electromagnetic pump. The

electromagnetic pump controls the flow of the liquid metal by the Lorentz force exerted
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on the liquid metal which is dependent on the applied magnetic field and the current
through the liquid metal. In the method the force is exerted against the flow from the
container to the vacuum chamber. The force exerted with the electromagnetic pump
on the liquid metal equals F =B * | * C, wherein:

B is the magnetic field, | the current through the electromagnetic pump and through
the liquid metal and C a constant. For the heating of the electromagnetic pump the
current need to be increased for a certain time, which can be done:

- by increasing the force exerted on the liquid metal in the container which requires a
larger counter force by the electromagnetic pump in order to keep the flow rate
constant,

- by decreasing the magnetic field and at the same time increasing the current to keep
the flow rate constant,

- by alternating the current through the electromagnetic pump and the liquid metal,
wherein the volume of liquid metal within the evaporator device is fluctuated between
different levels. By decreasing and increasing the current the net effect of P = "2 x R
is that the temperature of the electromagnetic pump will increase.

In the last mentioned option only the current is changed, whereas in the other
two options two of the relevant parameters are changed. It is of course also possible
to change all three parameters or to change the difference in height between the level
of liquid metal in the container and that in the evaporator device in combination with
other parameters, but these control methods are over complicated and for that reason
not preferred.

The force exerted on the liquid metal in the container, the current for the
electromagnetic pump and/or the strength of the magnet field of the electromagnetic
pump are controlled dependent on the required supply of liquid metal to the
evaporator device. These parameters can be changed to control the heating of the
electromagnetic pump but overall the supply of the liquid metal to the evaporator
device should correspond to the required amount of liquid metal in the evaporation
device and supplement the amount of evaporated metal. Because of the relatively
large volume of liquid metal contained in the evaporator device there is sufficient play
between minimum and maximum level of liquid metal in the evaporation device as a
result of which there is enough room to change control parameters that affect the level
in the of liquid metal in the evaporator device.

According to a further aspect of the invention it is provided that the container

adapted to contain a liquid metal is a closed container. The term “closed container” will
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mean a container wherein the pressure and/or the composition of the gas inside the
container is or van be controlled.

The force exerted on the liquid metal in the container is preferably controlled by
controlling the pressure of a gas in the closed container. In this way the force to be
exerted on the liquid metal in the container can be controlled very easily and can be
varied rapidly if need be.

It is preferably provided that the electromagnetic pump is at least partially made
of graphite. Graphite is an electric conductive material and is able to withstand high
temperatures as well as the chemical attack of liquid metals, such as Zn and Mg. The
electromagnetic pump can be made out of more than one conductive material, which
however is not very practical and would raise more problems than it would have
advantages.

According to a further aspect of the invention it is provided that the electrodes to
supply the current for the electromagnetic pump are provided against the pump. With
the electrodes against the outside of the pump body or in a recess in the pump body
the current needed for the control of the electromagnetic pump is conducted for a part
through the body of the electromagnetic pump and for a part through the liquid metal
to be controlled with the electromagnetic pump.

It is further provided that the electromagnetic pump is provided in a vacuum
enclosure. With such a vacuum enclosure the heat losses of the electromagnetic
pump are reduced because the heat loss as a result of heat convection is reduced to a
large extent.

According to a further aspect of the invention it is provided that the vacuum
enclosure encloses at least part of the feed tube. The at least part of the feed tube
concerns part or complete feed tube as far as it is outside the closed container
adapted to contain a liquid metal and the vacuum chamber.

It is preferably provided that the vacuum enclosure connects to the vacuum
chamber and/or the closed container. With this set-up the larger or whole part of the
feed tube outside the closed container and the vacuum chamber is within the vacuum
enclosure.

According to a further aspect of the invention it is provided that the vacuum
enclosure is connected to the vacuum chamber and/or the closed container by means
of a flexible connecting member. With this feature the expansion of each or all of
closed container, vacuum enclosure and vacuum chamber caused by temperature

changes will be accommodated.
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With the electromagnetic pump and the feed tube in the vacuum enclosure the
heat loss through convection is limited where it counts the most, in between the closed
container and the vacuum chamber. In this manner cold spots in the electromagnetic
pump and feed tube are prevented therewith preventing restriction of the flow of liquid
metal and clogging.

The pressure in the vacuum enclosure is kept in the range of 1mbar to
atmospheric pressure, which is roughly 1000mbar. With the start and at the end of an
operation cycle or campaign of the apparatus, that is with the filling and draining of the
feed tube and the electromagnetic pump respectively the pressure in the vacuum
enclosure is about atmospheric pressure. During operation the pressure in the vacuum
enclosure is preferably kept in the range of 1 - 200 mbar. By keeping the pressure in
the vacuum enclosure in the low vacuum range the pressure loss in the vacuum
chamber is much less than without the vacuum enclosure. Such a pressure loss in the
vacuum chamber occurs at the feed through of the feed tube into the vacuum
chamber and is influenced by the expansion differences of the different components of
the whole set-up.

It is further provided that the feed tube is heated. The feed tube is heated by
means of resistance heating or by means of heaters provided in the wall of the feed
tube. Although heat losses of the feed tube are partially prevented by enclosing at
least part of the feed tube in the vacuum enclosure it will still be needed to heat the
feed tube because of the distance between the closed container and the
electromagnetic pump and between the electromagnetic pump and the evaporator
device.

According to a further aspect of the invention a return tube and an
electromagnetic pump in the return tube are provided, wherein the return tube runs
from the evaporator device to the closed container, wherein the electromagnetic pump
in the return tube is at least partially made of an electric conductive material and
wherein the current for the electromagnetic pump is supplied through the electric
conductive material and wherein the temperature of the electromagnetic pump in the
return tube is controlled by controlling the current of the electromagnetic pump and/or
the strength of the magnet field of the electromagnetic pump.

With a feed tube and a return tube the composition of the liquid metal in the
evaporator device can be controlled. Control of the composition means that the
composition remains constant as much as possible and is not changed because of

different evaporation rates of constituents.
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In a first embodiment the electromagnetic pump in the return tube is positioned
parallel to the electromagnetic pump in the feed tube. With that configuration the
electromagnetic pumps are placed against each other which allows to provide a
common magnet for the electromagnetic pump in the return tube and the
electromagnetic pump in the feed tube. In order to be able to control the flow rate in
each tube separate power supplies are provided for the feed tube and the return tube.

In a second embodiment the electromagnetic pump in the return tube is
positioned in series with the electromagnetic pump in the feed tube and the facing
electrodes of the electromagnetic pumps are connected. By placing the
electromagnetic pumps against each other the facing electrodes are connected. With
this configuration the electromagnetic pump in the return tube and the electromagnetic
pump in the feed tube each have their own magnet and only one power supply is
required for both tubes.

If the strength of the magnetic field is controlled in order to control the flow rate
of the liquid metal two options are provided. A first option is that the magnet field of
the electromagnetic pump is controlled by controlling the distance of the magnet poles
with respect to the electromagnetic pump. A second option is controlling the magnetic
flux by providing a second yoke arm at which the distance between two poles can be
varied. A third option is controlling the magnetic field provided by an electromagnet by
controlling a direct or alternating current through the coil of the electromagnet.

For a permanent magnet only the first and second option are available and for
an electromagnet all three options are available but in the latter case the third option
will be the option of choice.

The invention also provides in an electromagnetic pump for use with a liquid
metal, wherein the electromagnetic pump is at least partially made of an electric
conductive material and wherein electrodes of the electromagnetic pump are provided
against the electromagnetic pump. Preferably the electromagnetic pump is at least
partially made of graphite.

Further, control means are provided to control the current for the
electromagnetic pump and/or to control the magnetic field for the electromagnetic
pump.

According to a further aspect of the invention the control means for the
electromagnetic pump control the distance of the magnet poles with respect to the
electromagnetic pump and/or where the magnetic field is provided by means of a
direct or alternating current electromagnet, control the current through the coil of the

electromagnet.
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Brief description of the drawings
The invention will be further explained by the example shown in the drawing, in

which:

Fig.1 shows a schematic view of an apparatus with a container for a liquid
metal, an electromagnetic pump in a vacuum enclosure and a vacuum
chamber,

Fig.2A,2B,2C shows a schematic view of respectively an electromagnetic pump for a
feed tube and an electromagnetic pump for a feed tube and return tube,

Fig.3A,3B shows schematically two configurations to control the distance of the
magnetic poles to the electromagnetic pump, and

Fig.4 shows schematically a detail of the feed tube with heating means.

Detailed description of the drawings

Fig.1 shows a schematic view of an apparatus with a vacuum chamber 1, on
both sides provided with vacuum locks 2,3, through which a strip 4 is guided. An
evaporator device 5 is positioned inside the vacuum chamber 1 and connected to a
vapour distributor 6. The means to supply sufficient energy to the evaporator device,
such as in induction coil, are also placed inside the vacuum chamber. For the sake of
clarity these means are not shown in the drawing. The vacuum chamber is further
provided with vacuum pump 7 and manometer 8.

At the bottom of fig.1 a closed container 9 is provided with inside the container a
vessel 10 to hold a liquid metal. The closed container 9 is further provided with a pump
11, manometer 12 and overpressure relay 13. The vessel is provided with heating
means (not shown) to heat and melt the metal and/or to keep the liquid metal at a
certain temperature. A gas supply 31 with a valve 32 is connected to closed container
9 to replace the air initially present in container 9 with a non-oxidising gas, for instance
N2. Lifting means 14 are provided to lift and lower vessel 10 to be able to immerse the
end of feed tube 15 into the liquid metal or lift it out of the liquid metal. The lifting
means 14 can also be used in the control of the flow rate of the liquid metal to the
evaporator device 5, since with the lifting and lowering the distance between the liquid
level in the vessel and that in the evaporation device changes.

The vessel 10 is placed on weighing devices 35 which allows to continuously
weigh the content of vessel 10 which provides additional information on the flow rate

of the liquid metal and the evaporation rate.
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The pump 11 is used to lower the pressure in the closed container. In order to
prevent oxidation of the liquid metal in the vessel the air in the closed container can be
removed and replaced completely or partially with an inert gas. With this operation the
air is first partially removed therewith lowering the pressure before being replaced by
an inert gas after which the pressure in the closed container is adjusted and controlled
in order to control the flow rate of the liquid metal to the evaporator device.

The feed tube 15 runs from the vessel 10 inside the closed container 9 in
upward direction to the evaporator device 5 and in the feed tube an electromagnetic
pump 16 and a valve 17 are provided. The electromagnetic pump 16 and valve 17 are
placed inside a vacuum enclosure 18. The vacuum enclosure 18 is kept at a low
vacuum during operation which prevent heat losses through convection from the
electromagnetic pump 16 as well as from the feed tube 15 to a great degree. To that
end the vacuum enclosure 18 is provided with a vacuum pump 34 and a manometer
35.

The vacuum enclosure 18 connects to the closed container 9 and the vacuum
chamber 1 by means of bellows 19, 20. The connection by means of the bellows 19,
20 is to the outside of the closed container 9 and the vacuum chamber 1 and does not
connect the internal spaces of container 9 and vacuum chamber 1. However, the
unavoidable vacuum leak at the feed through of the feed tube 15 into the vacuum
chamber 1 is much less because of the low vacuum in the vacuum enclosure 18.

The electromagnetic pump 16 pump is provided with a permanent magnet 21 to
generate a magnetic field and a power supply to pass a current through the liquid
metal in the electromagnetic pump. The Lorentz force resulting from the magnetic field
and the current will exert a force on the liquid metal which is used in the control of the
flow rate of the liquid metal. The Lorentz force only works as long as the liquid metal is
in contact with the electrodes 22 of the electromagnetic pump and within the magnetic
field of permanent magnet 21. As a result when the liquid metal is forced downwards
the liquid metal level can not be lower than a level at about the height of the
electrodes.

It is important that the magnet 21 is not overheated because this will result in a
decrease of the strength of the magnetic field. For that reason the magnet 21 is
placed outside the vacuum enclosure 18, which at least at the location of the magnet
and its magnetic field is made of a non-ferromagnetic material.

The upward force on the liquid metal is given by the pressure difference and the
column height:

P3 - P1 - (X-Y) * density liquid, wherein
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P3= the pressure in the closed container,

P1= the pressure in the vacuum chamber,

X= height top level of the liquid metal, which can be in the evaporator device or
somewhere in the feed tube, and

Y=height level of the liquid metal in the vessel in the closed container.

Once the evaporation of the liquid metal in the evaporator device has started the

driving force for the liquid metal is:

P3 - P4 - (X-Y) * density liquid, wherein

P4 is the pressure in the vapour distributor 6 which will be higher than the pressure in
the vacuum chamber.

When the electromagnetic pump is exerting a force against the upward flow of the
liquid metal the force is given by:

P3 - P1 - (X-Y) * density liquid - B * | * C, wherein:

B is magnetic field, | the current through the liquid metal and C a constant. Once the
evaporation has started the equation changes to:

P3 - P4 - (X-Y) * density liquid-B*1* C

If the heating of the electromagnetic pump has to be increased, P3 is increased
which will require a larger Lorentz force against the upward flow in order to keep the
upward flow constant. The larger Lorentz force is realized to increase the current
through the electromagnetic pump and the liquid metal, which will provide the extra
resistance heating.

Fig.2A shows a schematic view of an electromagnetic pump 16 for a feed tube
15 with the electrodes 22 on opposite sides against the body of the electromagnetic
pump 16. The electrodes 22 are connected to a power supply 23, in this case a
variable DC power supply.

Perpendicular to the electrodes 22 are the poles of magnet 21, which in this
configuration are two permanent magnets connected by means of a yoke (not shown).
Instead of permanent magnets it is also possible to use an electromagnet, for instance
an electromagnet with a DC coil. By varying the current through the coil the magnetic
field could be varied.

Instead of a variable DC power supply and a DC coil it is as well possible to use
a variable AC power supply and an AC coil for the electromagnet.

Fig.2B shows a configuration with a feed tube 15 and a return tube 24 next to
each-other with electromagnetic pumps 18, 25 for respectively the feed tube 15 and
return tube 24. The magnetic field for both the feed tube 15 and the return tube 24 is

provided with the same permanent magnets 21. Separate variable DC power supplies



10

15

20

25

30

WO 2017/191081 PCT/EP2017/060315

-11 -

23, 26 are provided for respectively the feed tube 15 and the return tube 24 which are
reversely connected to the electrodes since the Lorentz forces should be in opposite
direction. The feed tube 15 and the return tube 24 are in thermal contact with each
other but electrically isolated from each other. The flow rate in the return tube will differ
by the evaporation rate from the flow rate in the feed tube and for that reason the
current through the return tube 24 will be larger than through the feed tube 15.

Fig.2C shows a configuration wherein the electrodes 22 of feed tube 15 and
feed tube 24 are connected in series which only requires one power supply 23 and
wherein the same current passes through both feed tubes. In order to control the flow
rate in each tube the magnetic field of the magnet 21, 36 in each tube 15, 24 is
controlied separately.

Fig. 3A,3B shows schematically two configurations to control the strength of
the magnetic field of permant magnets by shorting the flux or by changing the distance
of the magnetic poles to the electromagnetic pump. In the configuration according to
Fig.3A the flux between the poles of magnet 21 can be changed by shortening the
magnetic flux via a second leg 38. The flux is variable by changing the distance
between the poles of this second leg. To this end leg 38 of the yoke is designed to
allow such linear displacement.

In the configuration according to Fig.3B the magnetic strength is varied by
varying the distance between the poles of magnet 21. This can be varied by a rotation
or linear displacement. A rotational displacement is depicted in Fig. 3B where yoke 37
is provided with a pivoting point 39 and a spindie device 40 for a controlled rotation
and therewith a controlled change of the distance between the poles of the magnet 21.

Fig.4 shows schematically a segment of a feed tube 15 with a channel 27 and
two different heating embodiments. A first heating method is heating the feed tube by
resistance heating with a power source 28 wherein the material of the feed tube
serves as the resistance. The second heating method is with a sheath heater 29 with a
power source 30, wherein the heater is provided in a hole or a recess in the feed tube
15. The power sources 28, 30 could be DC or AC power sources. This is in fact also
resistance heating wherein the resistance is enclosed in a sheath and electrically
isolated from the feed tube. All the tubing must be heated to a temperature above the
melting point of the liquid metal for which a temperature of 40 °C above the melting

temperature will in general be sufficient.
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CLAIMS

Method to control the temperature of an electromagnetic pump in an apparatus
wherein a liquid metal is supplied through a feed tube from a container adapted
to contain a liquid metal to an evaporator device in a vacuum chamber, wherein
the supply of the liquid metal is controlled by exerting a force on the liquid metal
in the container, the pressure in the evaporator device and by the
electromagnetic pump in the feed tube, characterised in that the method
comprises:

- providing an electromagnetic pump which is at least partially made of an
electric conductive material,

- supplying current for the electromagnetic pump through the electric conductive
material, and

controlling the temperature of the electromagnetic pump by controlling one or
more of

- the force exerted on the liquid metal in the container,

- the current of the electromagnetic pump, and/or

- the strength of the magnet field of the electromagnetic pump.

Method according to claim 1, wherein the force exerted on the liquid metal in the
container, the current for the electromagnetic pump and/or the strength of the
magnet field of the electromagnetic pump are controlled dependent on the

required supply of liquid metal to the evaporator device.

Method according to claim 1 or 2, wherein container adapted to contain a liquid
metal is a closed container and wherein the force exerted on the liquid metal in
the container is controlled by controlling the pressure of a gas in the closed

container.

Method according to any of the preceding claims, wherein it is provided that the

electromagnetic pump is at least partially made of graphite.

Method according to any of the preceding claims, wherein electrodes to supply

the current for the electromagnetic pump are provided against the pump.
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6.

10.

11.

12.

13.

14.

-13 -

Method according to any of the preceding claims, wherein the electromagnetic

pump is provided in a vacuum enclosure.

Method according to claim 6, wherein the vacuum enclosure further encloses at

least part of the feed tube.

Method according any of the preceding claims, wherein the feed tube is heated.

Method according to claim 7, wherein the feed tube is heated by means of

resistance heating or by means of heaters provided in the wall of the feed tube.

Method according to any of the preceding claims, wherein a return tube and an
electromagnetic pump in the return tube are provided, wherein the return tube
runs from the evaporator device to the closed container, wherein the
electromagnetic pump in the return tube is at least partially made of an electric
conductive material and wherein the current for the electromagnetic pump is
supplied through the electric conductive material and wherein the temperature of
the electromagnetic pump in the return tube is controlled by controlling the
current of the electromagnetic pump and/or the strength of the magnet field of

the electromagnetic pump.

Method according to claim 10, wherein the electromagnetic pump in the return

tube is positioned parallel to the electromagnetic pump in the feed tube.

Method according to claim 11, wherein the electromagnetic pump in the return
tube and the electromagnetic pump in the feed tube have a common magnet.

Method according to claim 10, wherein the electromagnetic pump in the return
tube is positioned in series with the electromagnetic pump in the feed tube and

wherein facing electrodes of the electromagnetic pumps are connected.

Method according to claim 13, wherein the electromagnetic pump in the return
tube and the electromagnetic pump in the feed tube each have their own

magnet.
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15.

16.

-14 -

Method according to any of the preceding claims, wherein the magnet field of
the electromagnetic pump is controlled by controlling the distance of the magnet
poles with respect of the electromagnetic pump and/or controlling the magnetic
field provided by an electromagnet by controlling a direct or alternating current

through the coil of the electromagnet.

Electromagnetic pump for use with a liquid metal, characterised in that the
electromagnetic pump is at least partially made of an electric conductive material
and wherein electrodes of the electromagnetic pump are provided against the

electromagnetic pump.



WO 2017/191081 PCT/EP2017/060315

14



WO 2017/191081 PCT/EP2017/060315
2/4

Fig. 2A Fig. 2B




WO 2017/191081 PCT/EP2017/060315
3/4

40

Fig. 3A 38 Fig. 3B



28

WO 2017/191081

4/4

Fig. 4

PCT/EP2017/060315

30



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2017/060315

A. CLASSIFICATION OF SUBJECT MATTER

INV. C23C14/24 HO2K44/00
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

C23C Ho2K

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data, IBM-TDB

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

cited in the application
claims 1-4, 10

5 January 1954 (1954-01-05)
cited in the application
column 3, line 71 - column 5,
figure 1

line 52;

A WO 2015/067662 Al (TATA STEEL NEDERLAND 1-16
TECH BV [NL]) 14 May 2015 (2015-05-14)

A US 2 664 852 A (CHADSEY JR EARL E) 1-16

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

1 June 2017

Date of mailing of the international search report

08/06/2017

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Ekhult, Hans

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2017/060315
Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 2015067662 Al 14-05-2015 CN 105793464 A 20-07-2016
EP 3066229 Al 14-09-2016
JP 2016535173 A 10-11-2016
KR 20160082523 A 08-07-2016
US 2016265102 Al 15-09-2016
WO 2015067662 Al 14-05-2015
US 2664852 A 05-01-1954  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - wo-search-report
	Page 22 - wo-search-report

