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(54) Device for moving a fluid
(57)  Theinvention relates to a device for moving flu-
id likely to be used in the ink jet printing art.

The device as claimed in the invention includes
means for moving fluid using polymers whose hy-
drophilic or hydrophobic properties can be selected un-
der the action of an external stress.

Application to ink jet heads.
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Description

[0001] The present invention relates to a device for
moving a fluid, a device capable of being used especial-
ly in an ink jet printer.

[0002] In ink jet printing technology, the main con-
cerns are to improve the quality as well as the speed of
printing.

[0003] The objective of almost all the printing technol-
ogies developed at present is to produce high quality
copies as fast as possible. For ink jet technologies, to
achieve fast printing, the various manufacturers in-
crease the number of nozzles on the surface of the
heads which are capable of ejecting ink drops in order
to print a greater number of points in parallel on the re-
ceiving medium. However, the number of nozzles on the
surface of the head is limited either because of problems
related to heat dissipation in the methods consisting in
using high temperature ink, as in the technologies de-
veloped by Canon and Hewlett Packard, or because of
problems related to dimensional instability due to vibra-
tions caused by the use of piezoelectric technologies,
as those developed by Seiko-Epson.

[0004] One of the technologies traditionally used in
ink jet heads consists in raising the ink found in a chan-
nel to a high temperature in a short time, typically 300
10 400°C. This causes local vaporization of the ink which
causes the expulsion as drops of the liquid part of the
ink found between the vaporization zone and the sur-
face of the ink jet head. This method requires thermal
energy in the volume of the ink jet head itself, which must
then be dissipated.

[0005] Other techniques, for example those de-
scribed in Patent Application WO96/32284, consist in
bringing a fluid into contact with a ring shaped heating
element located at the periphery of the opening of a
channel linking a reservoir containing the fluid to the
opening on the surface of the ink jet head. Pressure is
applied to the reservoir in order to allow the ink to be
sent through the channel and to spread over the heating
ring surface of the ink jet head.

[0006] When the heating element of the ink jet head
is raised to a temperature of about 130°C, there are sig-
nificant changes to the surface tension of the ink drop
in contact with the heating element. The surface tension
change causes a decrease in the radius of curvature of
the ink drop meniscus thus allowing it to run freely
through the channel and to form a drop of the appropri-
ate size for the printing required. Once formed, this drop
is then ejected by means that can be an electrostatic
field between the ink jet head and the printing medium,
for example a sheet of paper. This technique, which has
the advantage of considerably lowering the temperature
needed to eject a unit volume of ink, is thus more ap-
propriate to the manufacture of highly integrated ink jet
heads. However, while in theory it is necessary only to
heat the surface of the ink drop meniscus to get the
change in its radius of curvature and thus to get the for-
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mation of the said ink drop, in practice it is necessary to
heat the whole volume of the ink drop which requires a
much higher energy supply to eject an ink drop. How-
ever, it should be noted that as the ink is heated in its
volume, part of the energy supplied to get the ink drop
is still contained in it on ejection; this makes the dissi-
pation of this energy easier, as it does not stay confined
in the ink jet head itself.

[0007] It is an object of this invention to provide a de-
vice for moving a fluid, for example ink, which minimizes
the amount of energy required to eject a drop of this fluid.
[0008] Such a device allows a fluid to be ejected out
of a channel, and allows fluid with an accurately set vol-
ume to be ejected.

[0009] These objects are achieved according to the
present invention, which relates to a device for moving
a fluid, characterized in that it comprises fluid moving
means comprised of polymers, whose hydrophilic or hy-
drophobic properties can be selected under the action
of an external stress.

[0010] The invention also relates to a process for
moving a fluid, this process involving the use of a poly-
mer whose hydrophilic or hydrophobic properties can be
selected under the action of an external stress in a de-
vice for moving this fluid.

[0011] The invention also relates to a printing fluid jet
head that includes:

a) at least one means of feeding the printing fluid;
b) at least one channel terminated by a nozzle
opening to the outside;

characterized in that it further includes:

¢) means for moving the printing fluid comprising poly-
mers whose hydrophilic or hydrophobic properties can
be selected under the action of an external stress.
[0012] All the embodiments of this invention, which
will be described below, are used to move a hydrophilic
fluid. However, when the fluid to be ejected is hydropho-
bic, the embodiments described below are applied using
appropriate polymers. For example, polymers can be
chosen which are in their hydrophobic state when they
are not subject to an external stress and in their hy-
drophilic state when they are subject to an external
stress.

[0013] Other characteristics will appear on reading
the description below, with reference to the drawing
wherein:

- Figure 1A represents a polymer element in a hy-
drophilic state on which there is a drop of hydrophilic
fluid;

- Figure 1B represents a polymer element in a hydro-
phobic state on which there is a drop of hydrophilic
fluid;

- Figure 2 represents a polymer element provided
with a means to generate an external stress;

- Figure 3 represents a channel for ejecting a fluid
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provided with the means to move the fluid according
to the invention, the polymer element being in a hy-
drophilic state;

- Figure 4 represents a channel for ejecting a fluid
provided with the means to move the fluid according
to the invention, the polymer element being in a hy-
drophobic state;

- Figure 5A represents a portion of a print fluid jet
head provided with the means to move the fluid ac-
cording to the invention, the polymer element being
in a hydrophilic state;

- Figure 5B represents a portion of a print fluid jet
head provided with the means to move the fluid ac-
cording to the invention, the polymer element being
in a hydrophobic state;

- Figure 6 represents a second embodiment of a print
fluid jet head provided with the means to move the
fluid according to the invention;

- Figure 7 represents a third embodiment of a print
fluid jet head provided with the means to move the
fluid according to the invention; and

- Figure 8 represents a fourth embodiment of a print
fluid jet head provided with the means to move the
fluid according to the invention.

[0014] In general, the technique used to move a fluid
10 according to the present invention consists in using
a polymer element 20 whose hydrophilic or hydrophobic
properties can be selected under the action of an exter-
nal stress. The polymer element 20 can be in a hy-
drophilic state 20a or in a hydrophobic state 20b. The
principle is to have an element 20 composed of such
polymers in contact with the fluid 10 that is to be moved.
When the polymer is in its hydrophilic state 20a, as rep-
resented in Figure 1A, the fluid 10 tends to stay in con-
tact with the polymer element. However, when the pol-
ymer is switched to its hydrophobic state 20b, as repre-
sented in Figure 1B, the fluid 10 tends to be repelled
and therefore to form a drop on the surface of the poly-
mer element. Thus, the switching of the polymer from
one state to the other causes movement of the fluid.
[0015] Depending on the polymer selected, the exter-
nal stress necessary to switch it from one state to the
other can be determined, and therefore the means to
generate the external stress.

[0016] When thermo-reversible polymers are select-
ed, that is polymers which, when their temperature ex-
ceeds a threshold temperature called the phase transi-
tion temperature, switches from a hydrophilic state to a
hydrophobic state or vice-versa, the external stress will
be the application of thermal energy. Preferably thermo-
reversible polymers should be chosen that have a phase
transition temperature between 20 and 100°C, and pref-
erably between 30 and 70°C.

[0017] Figure 2 represents a polymer element 20 pro-
vided with the means 30 to generate the external stress,
that is in this case, thermal energy. The means 30 are
made up of a temperature control element, for example,
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a heating element 31 placed below the polymer ele-
ment. The heating element is made up for example with
a thin layer of polycrystal silicon wherein a current is
made to flow that is adapted to the generation of a quan-
tity of thermal energy that allows the polymer to exceed
its phase transition temperature to switch from one state
to the other. The polymer element can then return to its
initial state, its temperature having decreased by the
simple diffusion of the heat. Also an additional cooling
system can be provided such as for example a radiator
or a Pelletier effect device.

[0018] The thermo-reversible polymers, which are
used in the present device, are organic polymers such
as those described in Patent Application WO 91/15526.
These are polymers that have a hydrophilic group and
a hydrophobic group, the hydrophilic group being a wa-
ter-soluble ionic polymerizable vinyl monomer, and the
hydrophobic group comprising an acrylamide or meth-
acrylamide monomer. For example a poly(N-alkylacry-
lamide), a modified glycol polyethylene or a polysi-
lylamine will be chosen. Preferably a polymer will be
used that switches from one state to the other very fast,
for example poly(N-isopropylacrylamide).

[0019] To make the polymer element 20 switch from
its hydrophilic state to its hydrophobic state, it has to
exceed a hydrophilic’hydrophobic phase transition tem-
perature Tg proper to the polymer. Poly(N-isopropylacr-
ylamide) has a temperature Tg of about 32°. When the
polymer is at a temperature less than 32°, it is hy-
drophilic. When it is higher than 32°, it becomes hydro-
phobic. In addition, the hydrophilic’/hydrophobic phase
transition temperature of a polymer can be modified by
different means. For example adding a surfactant to the
fluid to be carried can increase the phase transition tem-
perature. This technique is described in the publication,
Langmuir, 1995, volume 11, No. 7, pages 2493-2495.
For example the phase transition temperature Tg of poly
(N-isopropylacrylamide) can be modified from 32°C to
90°C.

[0020] Electrically conductive organic polymers can
be chosen, for example polymethylethiophene, which
under the action of an electric current as an external
stress switches from the hydrophilic state to the hydro-
phobic state or vice-versa. The means to generate the
external stress in this case are means to apply an elec-
tric current to the polymer element.

[0021] Depending on the polymer selected, other ex-
ternal stresses can be used such as for example, a pH
change, an ionic strength change or a pressure. For
each polymer, the means suitable to generate the said
stress will be determined by those skilled in the art who
know the stress necessary to switch the polymer from
the hydrophilic state to the hydrophobic state.

[0022] For the relevant polymers, it is known that the
hydrophilic/hydrophobic state change causes the poly-
mer's volume to vary. However, it is preferable to cope
with these volume variations. Also, how to control the
volume variations of polymers that can switch from a hy-
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drophilic to a hydrophobic state is known. Therefore,
known techniques such as those described in Polymer
Communications, "Synthesis of fast response, temper-
ature-sensitive poly(N-isopropylacrylamide) gel”, can
be used.

[0023] In the embodiments, which will be described,
the polymers used are thermo-reversible polymers.
[0024] Figures 3 and 4 represent a channel 40 filled
with a fluid 10. In order to move the fluid 10 out of the
channel 40, means 20, 30 are provided for moving the
fluid 10 along the internal wall of the channel 40, close
to the end 40a of the channel. The moving means in-
clude a polymer element 20 whose hydrophilic or hydro-
phobic properties can be selected under the action of
thermal energy. The polymer element 20 can be in a hy-
drophilic state 20a or hydrophobic state 20b. The said
moving means also include means to control the tem-
perature, which are the heating means 31 for the poly-
mer element 20. The heating means 31 are the same
as those described for Figure 2. The polymer element
20 is covered by the heating means. The polymer ele-
ment can then be heated to exceed a threshold temper-
ature, which is the polymer's phase transition tempera-
ture. In the device represented in Figure 3, the polymer
element 20 is represented in its hydrophilic state 20a.
Thefluid 10 is uniformly distributed throughout the chan-
nel 40. Figure 4 represents the polymer element 20 in
its hydrophobic state 20b. In this case, the fluid 10 found
at the hydrophobic polymer element 20b tends to be re-
pelled by this element, an empty volume 50 thus being
created inside the channel 40. The volume of fluid that
was found between the polymer element 20 and the end
40a of the channel is an independent volume of fluid that
is moved out of the channel. In order to prevent the re-
turn of the fluid into the means of feeding the fluid, the
feeding means can be maintained under pressure by
any means known to those skilled in the art.

[0025] |napreferred embodiment of the invention, the
fluid to be moved by the device according to the inven-
tion is a printing fluid, for example printing ink, or a ther-
mopolymer which allows three-dimensional printing in
stereolithographic processes.

[0026] Figures 5Aand 5B representa portion of a fluid
jet head 60 for printing on a support 800 which compris-
es a means of feeding 700 the printing fluid, a channel
400 for moving the fluid 100 outwards. In particular,
when the fluid is ink 100, the device for moving the fluid
accordingtothe inventionis an ink jet head. The channel
400 ends in a nozzle 400a open to the outside. The pe-
riphery of the nozzle 400a is provided with a polymer
element 200. The polymer element 200 can be in a hy-
drophilic state 200a or in a hydrophobic state 200b.
Such an element is provided to create an ink drop 100,
thus allowing the ink 100 to be ejected. The polymer el-
ement 200 is preferably a very thin layer. The means for
controlling the temperature are heating means 310 such
as those described above. The said means of heating
310 are provided below the polymer element 200.
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[0027] Figure 5A represents the portion of the ink jet
head when the polymer element is in its hydrophilic state
200a. As the means of feeding 700 the ink always being
maintained under pressure to prevent the ink from re-
turning into the feeding means 700, the inks tends to
come and stay in contact with the polymer element
200a. When the polymer element switches to its hydro-
phobic state 200b as is represented in Figure 5B, the
ink tends to go away from the polymer element 200b.
Since the means for feeding the ink is maintained under
pressure, the ink cannot return to the feeding means 700
and an ink drop forms. The ink drop 100 can then be
ejected by any means known to those skilled in the art.
For example an electrostatic field can be applied as de-
scribed in Patent Application WO 96/322284.

[0028] In a variant of this embodiment, the polymer
element is provided not at the periphery of the nozzle
but along the internal wall of the channel 400, close to
the nozzle 400a. The polymer element is preferably ring-
shaped. Inthis embodiment, an element at the periphery
can also be used to allow the ink to be ejected. For ex-
ample, if the fluid is hydrophilic, the element will be a
hydrophobic polymer element.

[0029] Figure 6 represents another embodiment of
the ink jet head 60 according to the invention. A first pol-
ymer element 200 is provided at the periphery of the
nozzle 400a and a second polymer element 201 is pro-
vided along the internal wall of the channel 400. The pol-
ymer element 201 is preferably ring-shaped. Heating
means 310 and 311 are provided to heat the polymer
elements 200 and 201 respectively. In this embodiment,
the volume of the drop to be ejected can be determined.
The polymer elements 200 and 201 are initially in a hy-
drophilic state. When a volume of ink required to form a
drop is obtained, the polymer element 201 is heated and
switches to its hydrophobic state. The volume of ink is
moved out of the channel 400. Then the polymer ele-
ment 200 is switched to its hydrophobic state in order to
allow the ink drop to be ejected. Since the polymer ele-
ment 201 is maintained in its hydrophobic state, the ink
drop cannot return to the channel 400.

[0030] According to another embodiment represent-
ed in Figure 7, heating means, not illustrated, are pro-
vided to heat, not the polymer element directly, but the
ink 100 in the means for feeding the ink 700. A polymer
element 200 is provided at the periphery of the nozzle
400a. To prevent the ink drop that forms at the periphery
of the nozzle 400a from spreading over the whole ex-
ternal surface of the ink jet head 60, the materials of the
external surface of the ink jet head are planned to be
hydrophobic. The ink will therefore not tend to spread
beyond the polymer element 200.

[0031] Theink 100is heatedtoatemperature T higher
than the phase transition temperature Tg of the polymer
element 200. When the ink 100 leaves the nozzle 400a
at the temperature T, it is in contact with the polymer
element 200. The heat of the ink is transferred to the
polymer element 200, which exceeds its phase transi-
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tion temperature Tg. Then the polymer element 200
switches to its hydrophobic state 200b. The wetting an-
gle of the ink 100 increases, therefore creating an ink
drop 100. The ink drop 100 can then be ejected in the
same way as described in the embodiment represented
in Figure 5B. When the heating means is not activated,
the ink 100 has a temperature less than the phase tran-
sition temperature of the polymer element 200, which is
therefore in its hydrophilic state 200a. In this case, the
ink cannot form a drop at the surface of the ink jet head,
and therefore there is no ejection. In addition, in order
to prevent the ink jet head from blocking because of ink
drying at the channel opening, the pressure maintained
in the feeding means can be decreased or canceled in
order to return the ink into the feeding means.

[0032] A ring-shaped polymer element 201 is advan-
tageously provided inside the channel 400 so as to con-
trol the ejection of the ink 100. Figure 8 represents this
alternative embodiment. Heating means 311 such as
those described in Figure 2 are provided to heat the pol-
ymer element 201. The polymer element 201 cover the
whole surface area of the heating means 311, so that
the whole surface of the polymer element 201 changes
state. The phase transition temperature Tg' of the poly-
mers used in the polymer element 201 must be higher
than the phase transition temperature Tg of the poly-
mers used in the polymer element 200 and higher than
the temperature T of the ink. When ink 100 is not to be
ejected, the polymer element 201 is maintained in its
hydrophobic state by raising it to a temperature higher
than Tg' using the heating means 311. The ink 100
present in the channel 400 is no longer able to run out
to the surface of the ink jet head, making all ejection
impossible. When the ink 100 is to be ejected, first the
polymer element 201 is maintained in its hydrophilic
state by not activating the heatingmeans 311. Therefore
the ink 100 can run freely out to the surface of the ink
jet head. As the ink temperature T is higher than the
phase transition temperature Tg of the polymer element
200, it follows that on contact with the ink, this polymer
element 200 will switch from the hydrophilic state to the
hydrophobic state and therefore allow an ink drop to
form on the surface of the head. The polymer element
201 can then be raised to its hydrophobic state by acti-
vating the heating means 311 which stops the flow of
ink in the channel 400 and therefore allows the volume
of ink to be ejected to be accurately selected. When the
drop thus formed has been ejected, the polymer ele-
ment 200, which is no longer in contact with the heated
ink, returns to its hydrophilic state. In order to be able to
restart the ejection cycle of an ink drop, the heating
means 311 is deactivated, which allows the polymer el-
ement 201 to return to its hydrophilic state and therefore
allows the ink 100 to run freely in the channel 400 out
to the surface of the ink jet head.
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Claims

1. Adevice for moving afluid (10) characterized in that
it includes means for moving the fluid (10) com-
prised of polymers whose hydrophilic or hydropho-
bic properties can be selected under the action of
an external stress.

2. Adevice as claimed in Claim 1 wherein the means
for moving the fluid (10) include, on the one hand,
at least one polymer element (20) whose hy-
drophilic or hydrophobic properties can be selected
under the action of an external stress, and on the
other hand, means (30) to generate the said exter-
nal stress.

3. A device as claimed in any one of the preceding
claims wherein the fluid (10) is moved in a channel
(40).

4. Adevice as claimed in Claim 3 wherein the polymer
element (20) is provided along the internal wall of
the channel (40).

5. Adevice as claimed in Claim 4 characterized in that
the polymer, whose hydrophilic or hydrophobic
properties can be selected under the action of an
external stress, is a thermo-reversible polymer.

6. Adevice as claimed in Claim 5 wherein the means
(80) to generate the said external stress are means
to control the temperature.

7. Adevice as claimed in Claim 6 wherein the means
to control the temperature include a resistance (31)
in contact with the polymer element (20), the said
resistance being fed by an electrical circuit.

8. Adevice as claimed in Claim 4 wherein the polymer
whose hydrophilic or hydrophobic properties can be
selected under the action of an external stress is an
electrically conductive organic polymer.

9. Adevice as claimed in Claim 8 wherein the means
(80) to generate the said external stress are means
to apply an electric current.

10. A device as claimed in any one of the preceding
claims characterized in that it further includes:

1) at least one means for feeding fluid;
2) at least one fluid receiver.

11. A printing fluid jet head (60) comprising:
a) at least one means (700) for feeding printing

fluid;
b) at least one channel (400) terminated by a
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nozzle (400a) open to the outside; character-
ized in that it further includes:

¢) means for moving the printing fluid (100) that
comprise polymers whose hydrophilic or hydro-
phobic properties can be selected under the ac-
tion of an external stress.

A printing fluid jet head (60) as claimed in Claim 11
wherein the said means for moving the printing fluid
(100) include, onthe one hand, at least one polymer
element (200) whose hydrophilic or hydrophobic
properties can be selected under the action of an
external stress, and on the other hand, means to
generate the said stress.

A printing fluid jet head (60) as claimed in Claim 12
wherein a polymer element is provided either at the
periphery of the opening of the nozzle (400a), or
alongthe internal wall of the channel (400), or at the
periphery of the opening of the nozzle (400a) and
along the internal wall of the channel (400).

A fluid jet head as claimed in Claim 13 wherein
when a polymer element is provided along the in-
ternal wall of the channel (400), an element is pro-
vided at the periphery of the nozzle (400a) in a state
to allow fluid (100) to be ejected.

A printing fluid jet head (60) as claimed in Claim 13
wherein the polymer element (201) provided along
the internal wall of the channel (400) is located close
to the opening of the nozzle (400a).

A printing fluid jet head (60) as claimed in any one
of the Claims 11 to 15 wherein the polymer whose
hydrophilic or hydrophobic properties can be select-
ed under the action of an external stress is a ther-
mo-reversible polymer.

A printing fluid jet head (60) as claimed in Claim 16
wherein the means to generate the said external
stress are means to control the temperature.

A printing fluid jet head (60) as claimed in Claim 17
wherein the means to control the temperature in-
clude resistances fed by an electrical circuit, each
polymer element being in contact with one resist-
ance.

A printing fluid jet head (60) as claimed in Claim 17
wherein the means to control the temperature are
provided to control the temperature of the printing
fluid (100) in the feeding means (700) for the print-
ing fluid.

A printing fluid jet head (60) as claimed in Claim 19
wherein when one polymer element is provided at
the periphery of the opening of the nozzle (400a)
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21.

22,

23.

24.

25.

26.

10

and along the internal wall of the channel (400), the
means to control the temperature include a resist-
ance (311) in contact with the polymer element pro-
vided along the internal wall of the channel (400).

A printing fluid jet head (60) as claimed in any one
of the Claims 11 to 15 wherein the polymer is an
electrically conductive organic polymer.

A printing fluid jet head (60) as claimed in Claim 21
wherein the means to generate the external stress
are means to apply an electric current.

Fluid jet head as claimed in any one of the Claims
11 to 22 wherein the fluid is ink.

Use of a polymer whose hydrophilic or hydrophobic
properties can be selected under the action of an
external stress in a printing fluid jet head as claimed
in any one of the Claims 11 to 23.

Use of a polymer whose hydrophilic or hydrophobic
properties can be selected under the action of an
external stress in a device for moving fluid as
claimed in any one of the Claims 1 to 10.

A printing process using polymers whose hy-
drophilic or hydrophobic properties can be selected
under the action of an external stress.
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