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DESCRIPTION

= INK JET RECORDING HEAD AND PROCESS FOR
PRODUCING THE SAME

Technical Field
The present invention relates to an ink jet
recording head having an excellent water repellency for
use in an ink jet recording device and a process for
producing the same. '

_Bacquound Art

A material such as glass, a metal or a resin is used
for an ink jet recording head.

In the use of a water—based ink in an ink jet
recording head, when the water repellency of the surface
of a nozzle is unsatisfactory, droplets of an ink are
liable to adhere to the surface of the nozzle, which
spoils the rectilinearity of jetted ink droplets, so that
it often becomes impossible to conduct recording due to
occurrence of troubles -such as disturbance of setting.

For this reason, the surface of a nozzle which is a
portion for jetting an ink has hitherto been subjected to
a treatment for rendering the surface of the nozzle
waterérepellent. For example, a proposal has been made
on a method wherein a particle of a watef—repellent
material is deposited on the surface of a nozzle, for
example, by electrostatic powder coaﬁing (see Japanese
Patent Application Laid40pen No. 157765/1982) and vacuum
‘deposition and plasma polymerization (see Japanese Patent
Application Laid—Open Nos. 183161/1985 and 176059/1984)
to render the surface of the nozzle water—repellent.

In the above—described conventional treatment for
rendering the surface of the nozzle water—repellent, it
is not always easy to form a smooth repellent surface
free from any defect such as a pinhole. This causes
properties to be varied from product to product, and the
properties to change with the elapse of time. Further,
in the electrostatic powder coating, the baking
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temperature should be 300°C or above. In the case of a
metal, the dimensional accuracy is spoiled, and it is
impossible ta.,apply this method to a resin. When use is

2

made of vacuum deposition, a large device should be used

"and it is difficult to conduct the process control.

Further, in this method, since the bonding strength is
insufficient, only a product having an insufficient
bonding strength can be obtained.

The present invention can solve the above—described
problem, and an object of the present invention is to
provide an ink jet recordiné head which is excellent in
the water repellency of the surface of the_noizle, the
persistence of the water repellency and the durability
and enables a high printing quality to be maintained for
a long period of timé, and a process for produ¢ing the
same. | '

Disclosure of the Invention

The above—described object can be attained by an ink
jet recording head for use in an ink jet recording
device, wherein a water-repellent layer comprising~a
homogeneous layer of a fluoropolymer is formed on the
surface of a nozzle for jetting an ink. The ink jet
recording head having an exceilent water—repellent
property can be produced by forming the above—described
water—repellent layer comprising a fluoropolymer on the
surface of a nozzle for jetting a nozzle by coating or
transfer through the use of a solvent—soluble
fluoropolymer solution.

In the treatment for rendering the surface of the
nozzle water—repellent, since the contact angle of wéter
to the surface of the nozzle should be at least 90°
preferably at least 100°, the polarizability is so small
that it is useful to introduce fluorine having a .
remarkably small inter—molecular cohesive force.
Although a fluoropolymer represented by
polytetrafluoroethylene has excellent features such as

heat resistance, chemical resistance and weather
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resistance, it is insoluble in a solvent, so that only
powder coating can be applied to the fluoropolymer. This
makes it possible to attain a good water—repellent
property. )
Brief Description of Drawings

Figs. 1 and 4 are schematic cross—sectional views of
ink jet recording heads according to embodiments of the
present invention; _

 Fig. 2 is a partially enlarged cross—sectional view
of an ink jet nozzle; |

Fig. 3, Figs. 5 to 9 and Fig. 13 are typical cross—
sectional views showing the steps of rendering the
surface of a nozzle water-repellent; -

Fig. 10 is a-schematic cross—sectional view of an
ink jet recording heéd according to an embodiment of the
present invention; '

Figs. 11 and 12 are explanatory views showing a
process for forming a water—repellent layer according to
a water surface spreading method; and

- Figs. 14 and 15 are explanatory views showing a
process for forming a water—repellent layer according to
a LB film forming method.

Best Mode for Carrving Out the Invention

Embodiments of the present invéntion will now be
described. _ '

The ink jet recordihg head according to the prééent
invention is mounted on an ink jet recording device and
characterized in that a water—repellent layer comprising
a homogeneous layer of a fluoropolymer is formed on the
surface of a nozzle for jetting an ink.

The above—described water—repellent layer is formed
through the use of a solvent—soluble fluoropolymer. The
solvent—soluble fluoropolymer ié preferably amorphous.
Specific preferred examples of the solvent—soluble
fluoropolymer include polydiperfluoroalkyl fumarate,
Teflon AF (trademark, De Pont (E.I.) de Nemours & Co),
solvent—soluble fluoropolymers such as CYTOP {trademark,
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Asahi Glass Co., ltd.) and alternating copolymers of
fluoroéthylénes with hydrocarbon ethylenes such as an
alternating cholymer of diperfluoroalkyl fumarate with
styrene, an alternatlng copolymer of ethylene trifluoride
chloride with a vinyl ether and an alternating copolymer

-of ethylene tetrafluoride with a vinyl ester, and their

analogues and derivatives.

| Preferred examples of the solvent include
fluorinated liquids include Fluorinert (trademark, 3M
Co.), Garden (trademark, Montefluos),
trifluo;omethylbénzene and hydrochlorofluorocarbon.

The concentration of the fluoropolymer in the
fluoropolymer solution is preferably 0.01 to 7 % by
weight; still preferably 0.1 to 5 % by weight.

Since the above—described fluoropolymer is solvent—
soluble, it is possible to form a water—repellent layer
through the use of the fluoropolymer in a solution form
according to a coating method or a transfer method. The'
water—repellent layer thus formed comprises a dense,
homogeneous £ilm comprising a homogeneous layer or
continuous layer of a fluoropolymer, and it is believed
that such a film struéture contributes to a remarkable
imprévément in the watef—repellent broperty and the
persistence of the effect of water repellency.

In the present invention, it is also possible to
form a water—repellent 1aYer through a coupling compound
layer for the purpose bf.further improving the adhesion
between the water repellent layer and the surface of the
nozzle. ' _

A further feature of thé present invention is that
the water—repellent layer can be formed by simple and |
rapid methods, for example, a coating method such as
dipping and a transfer method which will be described
later.

Specifically, the process for producing an ink jet
recoraing head according to the present invention
comprises subjecting the surface of a nozzle for jetting
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an ink of an ink jet recording head to a treatment for
rendering the surface of the nozzle water—repellent,
characterized .in that the process comprises the steps of:
preparing a ﬁolymer solution of a fluoropolymer dissolvéd
in a solvent; coating through dipping said polymer
solution on the whole surface of a nozzle plate provided
with an ink jet hole to form a water—repellent layer
comprising a fluoropolymer on the whole surface of the
nozzle plate; and removing through grinding the water—
repellent layer on the reverse surface (the opposite side
of a side from which an ink is jetted) of the nozzle
plate in the water—repellent layer formed on each surface
of the nozzle plate.

According to another embodlment of the process of
the present invention, the process may further comprise,
after forming the water—repellent layer on the whole
surface of the nozzle plate, forming a protective layer

on only at least the inside or vicinity of the jet hole

of the nozzle, removing through grinding the water—
repelleht'layer on the reverse surface (the opposite side
of a side from which an ink is jetted) of the nqézle.
plate in the water—repellent layer formed on each éurface
of the nozzle pléte'and removing said protective 1ayér.
According to another aspect of the present
invention, there is provided a process for producing an
ink jet recording head, comprising subjecting the surface
of a nozzle for jetting an ink of an ink jet recording
head to a treatment for rendering the surface of the
nozzle water—repellent, characterized in that the process
comprises the steps of: coating a positive—working resist
on at least the reverse surface (the obposite side of a
side from which an ink is jetted) of a nozzle plate
provided with an ink jet hole;.irradiating the nozzle
plate with an ionizing radiation from the surface side of
the nozzle plate with the reverse surface side being
light—shielded; developing the irradiated surface and
removing the resist from the surface of the nozzle plate
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and the inside of the nozzle hole; coating through
dipping a polymer solution containing a fluoropolymer
dissolved therein on the whole surface of the nozzle
plate to forﬁ a water—repellent layer comprising a
fluoropolymer on the whole surface of the nozzle plate;
and removing the resist layer and the water—repellent
layer on the reverse surface side of the nozzle plate to
form a water—repellent layer on only the surface side of
the nozzle plate and the internal surface of the nozzle
hole. _

When use is made of transfer, the process for
producing an ink jet recording head according to the
present invention comprises subjecting the surface of a
nozzle for jetting an ink of the ink jet recording head
to a treatment for rendering the surface of the nozzle
water—repellent, characterized in that the process
comprises the steps of: forming a polymer layer
comprising a boiymer solution containing a fluoropolymer
dissolved therein on the surface of a transfer medium;.
and transferring the polymer layer formed on the'transfer
medium to a predetermined portion of the surface of the
nozzle provided with an ink jet hole. When the transfer
is conducted a plurality of tlmes, the densiness can be
increased, so that a film having a desired thickness can
be formed. _

In the above—described process wherein use is made
of transfer, it is possible to use a water surface
spreading method which comprises spreading a polymer
solution containing a fluoropolymer dissolved therein on
the surface of water, evaporating a solvent contained in
the polymer solution and bringing the spread film into
contact with the surface of a nozzle. When the transfer
of the water surface spread film is conducted a plurality
of times, a £ilm having a desired thickness can be
formed.

- In the process wherein use is made of transfer, a
more homogeneous and dense water—repellent layer can be
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formed by conducting a drying and heating treatment after

the transfer of the polymer layer.

Further, .in the present invention, it is possible to
use a method for forming a LB film on the surface of a
nozzle which comprises spreading a polymer solution
containing a fluoropolymer dissolved therein on the
surface of water, evaporating the solvent, moving a
barrier to form a Langmuir film from the resultant spread
film and bringing the resultant Langmuir film into
contact with the surface of the nozzle.

In the above-described LB film, at 1east one layer
may be laminated to a desired thickness. A more
homogeneous and dense water—repellent layer can be formed
by conducting a heat treatment after the transfer of the

LB £ilm.

In the transfer method, when an elastic body, such
as rubber, is used as a transfer medihm, in order to form
a good water—repellent film, it is impoftant to bring the
surface of the transfer medium to a smooth state. The
treatment of the surface of the head according to the
transfer method is disclosed in Japanese Patent
Application Laid—Open No. 48953/1990. This method is
characterized in that use is made of a transfer medium
comprising a porous material. The present inventors,
however, have found that although the method whe:eiﬁ the
transfer is conducted thréugh the use of a porous
transfer medium is excellent in the transfer efficiency,
it is not always useful for forming a homogeneous, dénse
water—repellént layer having an excellent water—repellent
property contemplated in the present invention and, as
described above, the method wherein the surface of the
transfer medium is brought to a smooth state is useful
for this purpose. As described above, when the surface
of the transfer medium (support) is brought to a smooth
state, the peelability of the polymer layer from the
transfer medium unexpectedly becomes so good that the
polymer layer can be made thick and homogeneous.
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Prior té the transfer of the polymer layer, a
coupling compound layer can be formed on the sﬁrface of
the nozzle, and a combination of the transfer method with
the fonmatioﬁ'of the coupling compound layer enables a
water—repellent layer having an excellent adhesion and a
large thickness to be formed. Methods of rendering the
surface of the nozzle water—repellent including a method
of forming a coupling compound layef will now be
described.

At the outset, the nozzle plate is immersed in a
coupling solution comprising a coupling compound and a
solvent and then in a solvent. The immersion of the
nozzle plate in 'a solvent advantageously has the effect
of making the thickngss of coating of the coupling
compound uniform to further stabilize the adhesion
between the water—repellent layer and the surface of the
nozzle plate. _ .

Water and alcohols, such as methanol and ethanol,
can be used as the solvent for the coupling solution.
When water is used as the solvent, the handleability
becomes better. Further, since the surface tension is so
largé that it is possible to pfevent the coupling
compound from.penétrating into the hole in the nozzle.

Then, the coupling coating layer is dried, and a
water—repellent layer is transferred thereon. In the
transfer method, an elastic body having a specular
surface, for example, a.silicone rubber, a urethane
rubber, a butyrene rubber, gelatin or a chloroprene
rubber is used as the transfer medium. The above—
described fluoropolymer solution is coated on the surface
of the transfer medium by spin coating or uniform pull—up
immersion, and a nozzle plate is pressed against the
coated surface to transfer the polymer layer to the
surface of the nozzle plate. -

The transferred polymer layer is then baked. It is
preferred to conduct the béking at a temperature not

.below the glass transition point of the polymer. The
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baking enables the volatile solvent contained in the
polymer layer to be compietely removed. Further, the
present invegtors have found that the heating of the
transferred églymer layer to a temperature not below the
glass transition point of the polymer leads to an
increase in the fluidity of the polymér layer which
improves the coating property and further contributes to
an improvement in the adhesion. '

Further, in the above—described method, the
following procedure may be used. After exposure of the

surface of the nozzle plate to an ozone atmosphere, a

~coupling laver is formed, and a water—repellent layer is

then formed. Alternatively, after the formation of the
coupling layer, the surface of the coupling layer may be
exposed to an ozone étmoSphere followed by the formation
of a water-repellent layer. The surface cleaning
treatment wherein use is made of ozone removes stains on
the surface, which contributes to a further improvement
in the adhesion of the.formed layer. The ozone
atmosphere can be formed by irradiation with oxygen

plasma or ultraviolet rays.

The present invention will now be described in more
detail with reference to the following embodiments.

Enbodiment A _

Fig. 1 is a typical cross—sectional view of an
embodiment of an ink jet recording head. Numeral 1
designates a pressure chamber which is a portion for
obtaining a pressure used in the ejection of an ink by
means of a PZT element or a heating element. Numeral 2
designates an ink jet nozzle. Numeral 3 designates a
first substrate provided with a pattern groove for an ink
passage; Numeral 4 designates a nozzle plate. Aan ink
passage is formed by laminating both members on top of
the other.

Example Al

A polydiperfluoroalkyl fumarate was dissolved in a
fluorocarbon solvent, and the solution was spin—coated on
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the surface of a nozzle in a nozzle plate comprising a

10

polysulfone resin. Although the concentration of the
solution and.the film thickness can be suitably selected,
in this examﬁle, a solution having a concentration of 0.3
% by weight was coated at 3000 rpm for one min, and the
coating was dried at 80°C to form a polydiperfluoroalkyl
fumarate layer having a thickness of 300 A. The
observation under a microscope has revealed that the
formed thin film was very dense and homogeneous. The
film had a contact angle of 115° to water, that is, a
high water repellency.

A first substrate of a polysulfone resin and the
nozzle plate subjected to a treatment for rendering it
water—repellent were washed and dried, and bonded to each
other "at 80°C through a solvent cement of the same
polysulfone resin dissolved in a solvent, thereby
assembling an ink jet recording head. The appearance of
the vicinity of the cross section of the recording head
is shown in Fig. 2. Numeral 21 designates a
fluoropolymer layer formed by coating.

~ The ink jet recording head thus produced was mounted
on a recording device, and a setting test was conducted.
As a result, neither omission of dot nor disturbance of
setting occurred. That is, it was confirmed that the
nozzle was successfully rendered water—repellent. Then,
the ink jet recording head was imﬁersed in an ink at 70°C
for 5 days, and a setting test was conducted in the same
manner as that described above. The setting quality was
the same as the initial property. That is, the recording
head maintained a sufficient ink resistance. A rubbing
test was conducted through the use of a silicone rubber.
As a result, the contact angle of the recording head to
water was 100° or more after rubbing the recording head
5000 times. Thus, an ink jet recording head which gives
rise to substantially no deterioration of the water
repellency and can provide a high setting quality for a
long period of time could be realized.
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Example A2

A solvent—soluble fluoropolymer (CYTOP manufactured
by Asahi Glass Co., Ltd.) was dissolved in a fluorinated
liquid, and the solution was coated through dipping on
the surface of a nozzle plate comprising nickel. The
portions unnecessary to be rendered water-repellent were
previously masked by taping, resist or the like.

A first substrate of a polycarbonate resin and the
nozzle plate subjected to a treatment for rendering it
water—repellent and removal of the mask were washed and
dried, and then bonded to each other, thereby assembling
an ink jet recording head. The ink jet recording head

thus produced was mounted on a recording device, and a

setting test was conducted. As a result, neither
omission of dot nor disturbance of setting occurred.
That is, it was confirmed that the nozzle was
successfully rendered water—-repellent. Then, the ink jet
recordihg head was immersed in an ink at 70°C for 5 days,
and a setting test was conducted in the same manner as
that described above. The setting quality was the same
as the initial property. That is, thé recording head
maintained a sufficient ink resistance. A rubbing test
was conducted through the use of a silicone rubber. As a
result, the contact angle of the recording head to water
was 100° or more after rubbing the recording head 5000
times. Thus, an 1nk jet recording head Wthh gives rise
to substantlally no deterioration of the water repellency
and can provide a high setting quallty for a long period -
of time could be realized.

Example A3

A fluoroethylene/vinyl ether copolymer was dissolved
in trifluoromethylbenzene, and the solution was spin—
coated on the surface of a nozzle plate comprising a
polyethersulfone resin. Although the concentration of
the solution and the film thickness can be suitably
selected, in this example, a solution having a

concentration of 1 % by weight was coated at 3000 rpm for
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one min, and the coating was dried at 120°C to form a
fluorocethylene/vinyl ether copolymer layer having a
thickness of .500 A. The observation under a microscope
has revealed!that the formed thin film was very dense and
homogeneous. The film had a contact angle of 105° to
water, that is, a high water repellency.

A substrate of a polyethersulfone resin and the
nozzle plate subjected to the surface treatment were
washed and dried, and bonded to each other, thereby
assembling an ink jet recording head. The ink jet
recording head thus produced was mounted on a recording
device, and a setting test was conducted. As a result,
neither omission of dot nor disturbance of setting |
occurred. That is, it was confirmed that the nozzle was
successfully rendered water—repellent. Then, the ink jet
recording head was immersed in an ink at 70°C for 5 days,
and a setting test was conducted in the same manner as
that described above. The setting quality was the same
as the initial property. That is, the recording head
maintained a sufficiént ink resistance. A rubbing test
was conducted through the use of a silicone rubber. As a
result, the contact angle of the recording hgad to water
was 95° or more after rubbing the recording head 5000
times. Thus, an ink jet recording head which gives rise
to substantially no deterioration of the water repellency
and can provide a high setting quality for a long period
of time could be realized. _

The present invention was described above with
reference to examples. Materials used in the ink jet
recording head and structures of the ink jet recording
head and the kind of the fluoropolymer layer formed on
the surface of the nozzle may be varied and are not
particularly limited. 'Further, there is no particular
limitation on the solvent for the fluoropolymer and the
coating method.

As described above, the present invention can

provide an ink jet recording head capable of providing a'
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high setting quality through an effective and homogeneous
treatment for rendering the surface of the nozzle water—
repellent. gprther, the treatment for rendering a
recording heéd water—repellent according to the present
invention is very excellent in the persistence of the
water repellency, which contributes to a prolongation of
the service life of the recording head.

Further, in the process for producing an ink jet
recording head, since the treatment for rendering the
recording head water—repeilent can be conducted through
the use of a very simple apparatus and step, the .
production can be safely conducted and the cost can be
remarkably reduced, which renders the effect of the
present invention large.

Embodiment B |

In recent years, a copolymer of a solvent—soluble
polymer with a fluoropolymer and a synthetic polymer
having a special fluorine—containing side chain have
become prepared. Since these materials can substantially
maintain properties of the conventional fluoropolymers
and are soluble in a solvent, it is possible to easily
obtain a smooth surface free from a pinhole. through
coating. However, the present inventors have found that
when a hydrocarbon molecule site is present in the
fluoropolymer, a water—repellent deterioration is liable
to occur due to a partial deposiﬁion of a dye molecule
contained in the ink.

' The present invention has been made with a view to
solving the above—described problem, and an object of the
present invention is to provide an ink jet recording head
wherein the surface of the nozzle in the ink jet '
recording head has a high water repellency and is
excellent in the persistencé of the effect of water
repellency and a high settlng quality can be provided for
a long period of time.

The above—described object can be attained by an ink

jét recording head for use in an ink jet recording
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apparatus, wherein a layer of a polymer which is soluble
in a solvent and contains fluorine bonded to
substantially.all the molecular, ends is formed on the
surface of a nozzle for jetting an ink.

In the'tfeatment for rendering the surface of the
nozzle water—-repellent, since the contact angle of water
to the surface of the nozzle should be at least 90°,
preferably at least 100°, the polarizability is so small
that it is indispensable to introduce fluorine having a
remarkably small inter-molecular cohesive force.
Further, in the treatment for rendering the surface of
the nozzle water—repellent, a high ink repellency and a
high adhesion are separately required.

The fluoropolymer represented by polyethylene
tetrafluoride has excellent features such as heat
resistance, chemical reéistance and weather resistance.
It, however, is insoluble in a solvent, so that, as
described above, only powder coating can be applied
thereto. Therefore,-not'only the £film strength is low,
but also the adhesion at the interface is remarkably low.
Even though the polymer contains fluorine bonded to all

‘the molecular ends, it can be made solvent—soluble

through introduction of an ether or ester bond into the
molecular chain. The coating of the polymer solution
enables a smooth surface free from a pinhole to be easily
obtained, so that a thin film having a high strength can
be formed. 1In order to attain a film strength and a
bonding strength between the film and the substrate
derived from the film strength, it is indispensable for
the molecular weight to be increased prior to the
formation of the film. -

An ink is a solution of an organic molecule as a dye
dissolved in water or a colloid comprising a pigment -
(mainly a carbon black) dispersed in water. In a
conventional solvent—soluble fluoropolymer, since a
hydrocarbon molecule portion is present, the dye molecule
or pigment is'deposited on the hydrocarbon molecule

.. REPLACED
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portion, so that there occurs a deterioration in the
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water repellency. In a polymer wherein fluorine is
bonded to all the molecular ends, the surface of the
polymer is water—repellent and oil-repellent due to the
5 exclusion effect of the site of fluorine, which enables
the deposition'of all the molecules to be prevented for a
long period of time.
Example Bl
"Teflon AF" (manufactured by E.I. du Pont de Nemours
10, & Co.) was dissolved in a fluorocarbon solvent and spin—
coated on the surface of a nozzle in a nozzle plate

comprising a polysulfone resin.
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" Although the concentration of the solution and the film
25 thickness carn be sﬁitably selected, in this example, a
solution having a concentration of 0.3 % by weight was
 coated at 3000 rpm for one min, and the coating was dried
at 80°C to form a 300 A-thick polymer layer which is '
soluble in a solvent and contains fluorine bonded to
30 substantially all the molecular ends. The observation
under a microscope has revealed that the formed thin film
was very dense and homogeneous. The film had a contact
angle of 105° to water, that is, a high water repellency.
A first substrate of a polysulfone resin and the
35 nozzle plate subjected to a treatment for rendering it
water—repellent were washed and dried, and then bonded to
each other at 80°C through a solvent cement of the same
polysulfone resin dissolved in a solvent, thereby
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assembling én ink jet recording head. The appearance of
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the vicinity of the cross section of the recording head
is shown in Fig. 2. Numeral 21 designates a "Teflon AF"
polymer 1aye£ formed by coating.

The ink jet recording head thus produced was mounted
on a recording device, and a setting test was conducted.
As a result, neither omission of dot nor disturbance of
setting occurred. That is, it was confirmed that the
nozzle was succeésfuily rendered water—fepellent., Then,
the ink jet recording head was immersed in an ink at 70°C
for 5 days, and a setting test was conducted in the same
manner as that described above. The setting quality was
the same as the initial property. That is, the recording
head maintained a suﬁficient ink repellency. A rubbing
test was conducted thfough the use of a silicone rubber
while injecting a dye ink. As a result, the contact
angle of the recording head to water was 100° or more
after rubbing the recording head 5000 times. Thus, an
ink jet recording head which gives rise to substantially
no deterioration of the water repellency and can provide
a high setting quality for a 1dng period of time could be
realized. - '

Example B2

"CYTOP" manufactured by Asahi Glass Co., Ltd. was
dissolved in a fluorinated liquid, and the solution was
coated through dipping on the surface of a nozzle plate
comprising nickel. The portions unnecessary to be
rendered water—repellent were previously masked by
taping, resist or the like. Althoughlthe concentration
of the solution and the film thickness can be éuitably
selected, in this example, the nozzle plate was pulled up
from a solution having a concentration of 0.1 % by weight
at a rate of 10 cm/min; and the coating was dried at
180°C to form a 0.1 pm—thick polymer layer which is
soluble in a solvent and contains fluorine bonded to
substantially all the molecular ends. The observation

under a microscope has revealed that the formed thin f£ilm
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was very dense and homogeneous. The film had a contact
angle of 110° to water, that is, a high water repellency.
.\ firstxsubstrate of a polycarbonate resin and the
nozzle platezsubjected to a treatment for rendering it
water—repellent and removal of the mask were washed and
dried, and then bonded to each other with an adhesive,
thereby assembling an ink jet recording head. The ink
jet recording head thus produced was mounted on a
recording device, and a setting test was conducted. As a
result, neither omission of dot nor disturbance of
setting occurred. That is, it was confirmed that the
nozzle was successfully rendered water—repellent. Then,
the ink jet recording head was immersed in an ink at 70°C
for 5 days, and a setting test was conducted in the same
manner as that described above. The sétting quality was
the same as the initial property. That is, the recording
head maintained a sufficient ink repellency. A rubbing
test was conducted through the use of a silicone rubber
while injecting a dye ink. As a result, the contact
angle of the recording head to water was 100° or more
after rubbing the recording head 5000 times. Thus, an
ink jet recording head which gives rise to substantially

no deterioration of the water repellency and can provide

a high setting quality for a long period of time could be
realized. | |

Example B3

"CYTOP“ manufactured by Asahi Glass Co., Ltd. was
dissolved in a fluorinated liquid, and the solution was
spin—coated through dipping on the surface of a nozzle
plate comprising a polyethersulfone. Although the
concentration of the soclution and the film thickness can
be suitably selected, in this example, a solution having
a concentration of 1 %'by weight was coated at 2000 rpm
for one min, and the coating was dried at 120°C to form a
500 A-thick polymer layer which is soluble in a solvent
and contains fluorine bonded to substantially all the

molecular ends. The observation under a microscope has
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revealed that the formed thin film was very dense and
homogeneous. The film had a contact angle of 110° to
water, that is, a high water repellency.

A first substrate of a polyethersulfone resin and
the nozzle plate subjected to a treatment for rendering
it water—repellent were washed and dried, and bonded to
each other through a solvent for the polyethersulfone
rein, thereby aésembling an ink jet recording head. The
ink jet recording head thus produced was mounted on a

recording device, and a setting test was conducted. As a

‘result, neither omission of dot nor disturbance of

setting occurred. That is, it was confirmed that the
nozzle was successfully rendered water—repellent. Then,
the ink jet recording head was immersed in an ink at 70°C
for 5 days, and a setting test was conducted in the same
manner as that described above. The setting guality was
the same as the initial property. That is, the recording
head maintained a sufficient ink repellency. A rubbing
test was conducted through the use of a silicone rubber
while injecting a dye ink. As a result, the contact
anglé of the recording head to water was 100° or more
after rubbing the recording head 5000 times. Thus, an
ink jet recording head which gives rise to substantially
no deterioration of the water repellency and can provide
a high setting quality for a long period of time could be
realized. '

The present invention was described above w1th
reference to examples. Materials used in the ink jet
recording head and structures of the ink jet recording
head and the kind of the polymer layer soluble in a
solvent and containing fluorine bonded to substantially
all the molecular ends formed on the surface of the
nozzle may be varied and are not particularly limited.
Further, there is no particular limitation on the solvent
for the fluoropolymer and the coating method. '

As described above, the present invention can
provide an ink jet recording head capable of providing a
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high setting quality through an effective and homogéneous
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treatment for rendering the surface of the nozzle water—
repellent. Eﬁrther, the treatment for rendering a
recording heéd water—repellent according to the present
5 invention is excellent in the persistence of the water
repellency which contributes to a prolongation of the
service life of the recording head. '
Embodiment C
In the ink jet recording head according to the
10 embodiment C, a polymer layer comprising the following
alternating polymer of a fluoroethylené with a
hydrocarbon ethylene or its analogue is formed on the

surface of a nozzle for jetting an ink.

15
X9 X3 Ri Ry
/b O | \
— c—.C c— ¢ —3
N o)
X3' - X 4 R3 R4
20 |

wherein X1 to X4 each stand for 'a fluorine or
perfluoroélkyl group, and |

R; to R4 each stand for a hydrocarbon substituent
(containing a hydrogen or a halogen).

25 In the treatment for rendering the surface of the
nozzle watef—repellent, since the éontact angle of water
to the surface of the nozzle should-bé at least 90°,
preferably 100° or more, the polarizability is so small
that it is indispensable to introduce fluorine having a

30 remarkably small inter-molecular cohesive force.
Further, in the treatment for rendering the surface of
the nozzle water—repellent, a high ink repellency and a
high adhesion are separately required.

The fluoropolymer represented by polyethylene

35 tetrafluoride has excellent features such as heat
resistance, chemical resistance and weather resistance.
It, however, is insoluble in a solvent, so that, as
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described above, only powder coating can be applied
thereto. Therefore, not only the film strength is low,
but also the.adhesion at the interface is remarkably low.

Since the alﬁernating_copolymer of a fluoroethylene with

a hydrocarbon ethylene is soluble in a solvent, it is
possible to easily form a smooth surface free from a
pinhole through coating, which enables a thin film having
a high strength to be formed. Further, since a
hydrocarbon ethylene portion is evenly contained on a
molecular ievel within the polymer, it is possible to
attain a sufficient bonding étrength between the polymer
and the metal or resin constituting the nozzle. 1In order
to attain a film strength or a bonding strength, it is
indispensable for the molecular weight to be increased
prior to the formation of the film.

An ink is a solution of a dye molecule having a
molecular weight of several hundreds dissolved in water
or a colloid comprising a pigment (mainly a carbon black)
having a primary particle diameter of several hundreds A
dispersed in water. In the usually prepared randbm
copolymer, since_a polymer portion wherein several tens
of units of a hydrocarbon ethylene free from fluorine
continues ié formed, aldYe molecule or a pigment particle
in the ink are deposited thereto, so that a water—
repellent deterioration occurred. In the alternating
copolymer of a fluoroethylene with a hydrocarbon
ethylene, a fluoroethylene portion is equally contalned
on a molecule level within the polymer, a dye molecule
having a molecular weight of several hundreds and a dye
particle having a primary particle diameter of several
hundreds A éannot be deposited due to the exclusion
effect of the site of fluorine. An alternating copolymer
of a fluoroethylene with a hydrocarbon ethylene is ideal
for the structure of the polymer. However, it is not
always necessary that these monomers be alternately
bonded, and there exists a portion wherein two or three
units of fluoroethylene or hydrocarbon ethylene are
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continuously bonded. In effect, even though the
synthesis of an alternating copolymer is intended, an
alternate copplymer having a complete molecular structure
is not élwayé formed.

Example C1

The following alternate copolymer of a
diperfluoroalkyl fumarate with styrene was dissolved in a
fluorocarbon solvent, and the solution was spin—coated on
the surface of a nozzle in a nozzle plate comprising a

polysulfone resin.

1

H
|
—C
l
X

S

1

wherein X; stands for COOCpFom+1 wherein m is 1 to 20.
Although the concentration of the sdlution and the film
thickness can be suitably selected, in this example, a
solution having a concentration of 0.3 % by weight was.
coated at 3000 rpm for one min, and the coating was dried
at 80°C to form a 300 A—thick layer of an alternating
polymer of diperfluoroalkyl fumarate with styrene. The
observation under a microscope has revealed that the
formed thin f£ilm was very dense and homogeneous. The
film had a contact angle of 105° to water, that is, a
high water repellency.

A first substrate of a polysulfone resin and the
nozzle plate subjected to a treatment for rendering it
water—repellent were washed and dried, and then bonded to
each other at 80°C through a solQent cement of the same
polysulfone resin dissolved in a solvent, thereby
assembling an ink_jet.recording head. The appéarance of
the vicinity of the cross section of the reéording head
is shown in Fig.'z. Numeral 21 designates a polymer
layer of an alternating polymer of diperfluoroalkyl
fumarate with styrene formed by coating. '
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The ink jet recording head thus produced was mounted

22

on a recording device, and a setting test was conducted.
As a result,.neither omission of dot nor disturbance of
setting occurred. That is, it was confirmed that the
nozzle was successfully rendered water—repellent. Then, -
the ink jét recording head was immersed in an ink at 70°C

- for 5 days, and a setting test was conducted in the same

manner as that described above. The setting quality was
the same as the initial property. That is, the recording
head maintained a suffi;ient ink repellency. A rubbing
test was conducted thrbugh the use of a silicone rubber
while injecting a dye ink. As a result, the contact
angle of the recording head to water was 100° or more
after rubbing the re;ording head 5000 times.. Thus, an
ink jet recording head which gives rise to substantially
no deterioration of the water repellency and can provide
a high setting quality for a long period of time could be
realized.
Example C2

- An alternating copolymer of ethylene trifluoride
chloride with a vinyl ether was dissolved in a
fluorinated liquid, and the solution was coated through
dipping on the surface of a nozzle in a nozzle plate
comprising nickel.

F F H H ‘

I I | l \
cC—~¢C C C n
o .

F C 1 H O R

wherein R stands for én alkyl group.

The portions unnecessary to be rendered water—repellent
were previously masked by taping, resist or the like.
Although the concentration of the solution and the film
thickness can be suitably selected, in this example, the
nozzle plate was pulled up from a solution having a
concentration of 0.1 % by weight at a rate of 10 cm/mln,
and the coating was dried at 180°C to form a 0.1 pm—thlck _
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high polymer of an alternating copolymer of ethylene
trifluoride chloride with vinyl ether. The observation
under a mlcroscope has revealed that the formed thin film
was very dense and homogeneous. The film had a contact
angle of 110° to water, that is, a high water repellency.
A first substrate of a polycarbonate resin and the

.nozzle plate subjected to a treatment for rendering it

water-repellent and removal of the mask were washed and
dried, and bonded to each other with an adhesive, thereby
assembling an ink jet recording head. The ink jet
recording head thus produced was mounted on a recording_
device, and a setting test was conducted. As a result,
neither omission of dot nor disturbance of setting
occurred. That is, it was confirmed that the nozzle was
successfully rendered water—repellent. Then, the ink jet
recording head was immersed in an ink at 70°C for 5 days,
and a setting test was conducted in the same manner as
that described above. The setting quality was the same
as the initial property. That is, the recording head
maintained a sufficient ink repellency. A rubbing test
was conducted through the use of a silicone rubber while
injecting a dye ink. As a resﬁlt, the contact angle of
the recording head to water was 100° or more after
rubbing the recording head 5000 times. Thus; an ink jet
recording head which gives rise to substantially no
deterioration of the water repellency and can provide a
high setting quality for a long period of time could be
realized.

Example C3

An analogue of an alternatlng copolymer of ethylene
tetrafluoride with a vinyl ester was dlssolved in a
trifluoromethylbenzene, and the solution was coated
through diﬁping on the surface of a nozzle in a nozzle
plate comprising a polyethersulfone resin.
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wherein R stands for an alkyl group. The control at the
time of the synthesis of the polymer is not complete, and
the alternating copolymer contains a portion where two to
three units of vinyl ester are continuously bonded.
Although- the concentration of the solution and the film
thickness can be suitably selected, in this example, a
solution having a concentration of 1 % by weight was
coated at 3000 rpm for one min, and the coating was dried
at 120°C to form a 500 A~thick high polymer layer of an
analogue of an alternating copolymer of
tetrafluéroethylene with vinyl ester. The observation
under a microscope has revealed that the formed thin £ilm
was very dense and homogeneous. The £ilm had a contact
angle of 100° to wéter,_that is, a high water repellency.
A first substrate of a polyethersulfone resin and

"the nozzle plate subjected to a treatment for rendering

it water-repellent were washed and dried, and then bonded
to each other through a solvent for the polyether sulfone
resin, thereby assembling an ink jet recording head. The
ink jet recording head thus produced was mounted on a
recording device, and a setting test was conducted. As a
résult, neither omission of dot nor disturbance of
setting occurred. That is, it was confirmed that the
nozzle was successfully rendered water—repellent. Then,
the ink jet recording head was immersed in an ink at 70°C
for 5 days, and a setting test was conducted in the same
manner as that described above. The setting quality was
the same as the initial property. That is, the recording
head maintained a sufficient ink repellency. A rubbing
test was conducted through the use of a silicone rubber
while injecting a pigment ink. As a result, the contact
angle of the ;ecording head to water was 95° or more
after rubbing the recording head 5000 times. Thus, an
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ink jet recording head which gives rise to substantially

25

no deterioration of the water repellency and can provide
a high setting quality for a long period of time could be
realized. )

Reference Example

A random copolymer of vinylidene polyfluoride and a
copolymer of ethylene tetrafluoride with vinyl ester was
dissolved in a solvent, and the solution was coated on a
nozzle élate comprising nickel or a polysulfone resin.
The observation under a microscope has revealed that the
formed thin film was very dense and homogeneous. The
films had a contact angle of 100° or more to water, that

'is, a high water repellency. The ink jet recording heads

were immersed in an ink at 70°C for 5 days, and the
contact angle of the.nozzle plates to water was measured
again. As a reéult, the contact angle of the sample
where a random copolymer of ethylene tetrafluoride with
vinyl ester was coated was reduced to 50° or less. When
a treatment for wiping off the ink was separately
conducted, the water—repellency was recovered, which
suggested a deterioration of the water repellency
attributable to a partiai deposition of a dye molecule or
a pigment particle in the ink. Further, a rubbing test
was conducted through the use of a silicone rubber while
injecting a dye ink. As a result, the contact angle of
the sample to water was lowered to 60° or less when the
head was rubbed 2000 times with the silicone rubber.
Although a treatment for rubbing off the ink was
separately conducted, the water repellency was recovered,
which suggested that the high polymer layer was peeled
off. .

The present invention was described above with
reference to examples. Materials used in the ink jet
recording.head and structures of the ink jet recording
head and the kind of the”fluoropolymer layer formed on
the surface of the nozzle may be varied and are not

particularly limited. Examples of the fluoroethylene
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include ethylene tetrafluoride, ethylene trifluoride
chloride, propylene hexafluoride, perfluorovinyl ether,
perfluoroviny; ester and diperfluorocalkyl fumarate.
Examples of éhe hydrocarbon ethylene include vinyl
alcohol, vinyl ether, vinyl ester, vinyl chloride,
styrene, dialkyl fumarate and methyl methacrylate.
Further, there is no particular limitation on the solvent
for the fluoropolymer and coating method.

Embodiment D

In the present embodiment, the process for producing
an ink jet recording head having a fluéropqumer layer
formed on the'surface of a nozzle for jetting an ink
comprises the steps of:

a) preparing a solution of a fluoropolymer dissolved
in a solvent;

b) coating said fluoropolymer on the whole surface
of a nozzle plate by dipping;

c) grinding the reverse surface of the nozzle plate
to remove at least the fluoropolyvmer layver; and

d) bonding the nozzle plate to an ink jet recording
head. |

In the treatment for rendering the surface of the
nozzle water—repellent, since the contact angle bf water
to the surface of the nozzle should be at least 90°,
preferably at least 100°, the polarizability is so small
that it is indispensable to introduce fluorine having a
remarkably small inter—molecular cohesive force.

Further, in the treatment for rendering the surface of
the nozzle water-repellent, a high adhesion is separately
required from the viewpoint éf practical use. _

The fluoropolymer represented by polyethylene
tetrafluoride has excellent features such as heat
resistanée, chemical resistance and weather resistance.
It, however, is insoluble in a solvent, so that, as
described above, only powder coating can be applied
thereto. Therefore, not only the film strength is low,
but also the adhesion at the interface is remarkably low.

'} REPLACED

Db,

THIS SHEET HAS BEEN




10

15

20

25

30

35

27

In recent years, a copolymer of a solvent—soluble polymer
with a fluoropolymer and a synthetic polymer having a
special fluogine—containing side chain have become
prepared. . ance these polymers can maintain properties
of the conventional fluoropolymers and are soluble in a
solvent, a smooth surface free from a pinhole can be
easily prepared by coating. In order to attain a film
étrength and a bonding strength between the film and the
substrate derived from the film strength, it is
indispensable for the molecular weight to be increased
prior to the formation of the f£ilm.

.In order to form a fluoropolymer layer also within a
nozzle, it is necessary that after a fluoropolymer is
dissolved in a solvent having a suitable vapor pressure
to a relative low concentration, the solution be coated
on a nozzle plate isolated as a part through dipping.
Further, the nozzle plate cannot be bonded to an ink jet
recording head without removing through grinding the
fluoropolymer layer formed on the reverse surface of the
nozzle plate. Further, when the reverse surface of the
nozzle plate serves as an ink passage, the presence of
the fluoropolymer polymer is detrimental to the discharge
of bubbles formed within the ink and it becomes
impossible to conduct a treatment for rendering the

~surface hydrophilic for preventing a lowering in the

capability of discharging bubbles.
Example D1

Fig. 1 is a typical cross—sectional view of an
embodiment of an ink jet recdrding head. Numeral 1
designates a pressure chamber which is a portion for
obtaining a pressure used in the ejection of an ink by:
means of a PZT element or a heating element. Numeral 2
designates an ink jet nozzle. Numeral 3 designates a
first substrate provided with a pattern groove for an ink
passage. Numeral 4 designates a nozzle plate. An ink
passage is formed by laminating both members on top of
the other. '
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Fig. 3 is a typical cross—sectional view showing the
step of treatment for rendering the surface of a nozzle
water—repellent wherein (a) is an enlarged view of the
vicinity of the nozzle in a nozzle plate comprising a
polysulfone resin prior to the treatment and (b) shows a
state obtained when "Teflon AF" (manufactured by De Pont
(E.I.) de Nemours & Co) is dissolved in a fluorocarbon
solvent having a suitable vapor pressure and coated on
the whole surface of a nozzle plate comprising a
polysulfone resin through dipping. Although the
concentration of the solution énd the film thickness can
be suitably selected, in this example, the nozzle plate
was pulled up from a solution having a concentration of 1
% by weight at a rate of 10 cm/min; and the coating was
dried at 120°C to form a 0.1 um—thick polymer layer of
"Teflon AF". The observation under a microscope has
revealed that the formed thin film was very dense and
homogeneous. The film had a contact angle of 110° to
water, that is, a high water repellency. Further, it was
confirmed that the treatment for rendering the inside of
the nozzle ink—repellent could be homogeneously
conducted. _

Fig. 3 (c) shows a state obtained when the reverse
surface of the nozzle plate was ground through the use of
a lapping paper. Suitable. grinding conditions may be
selected. In this example, the grinding was conducted by
a method wherein use is made of a lapping paper of #8000
comprising a diamond powder as a grinding agent, a load
of 20 g/cm? is applied while injecting water, and the
surface of the fluoropolymer and the lapping paper are
mutually rotated. Since the control of the flatness of

" the surface is relatively easy, no fluoropolymer layer

within the nozzle is not removed and the water repellency
of the surface of the nozzle is maintained. In the
polysulfone resin per se as well, %he slightly ground
surface 22 is a flat surface having a suitable surface
roughness and has an improved wettability with an ink.
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If necessary, it is also possible to conduct a treatment
for rendering the surface hydrophilic. The nozzle plate
subjected to.a treatment for rendering the surface water—
repellent and a first plate comprising a polysulfone
resin were washed and dried, and a solvent was coated
thereon. The nozzle platé and the first substrate were
subjected to pressure bonding at temperature of 80°C to
assemble an ink jet recording head. The reverse surface
of the nozzle plate had an excellent flatness, a good
working property and a large adhesion.

The ink jet recording head thus produced was mounted

on a recording device, and a setting test was conducted.

. As a result, neither omission of dot nor disturbance of

setting occurred. That is, it was confirmed that the
nozzle was'successfuily rendered water—repellent. Then,
the ink jet recording head was immersed in a dye ink at
70°C for 5 days, and a setting test was conducted in the
same manner as that describéd'above. The setting quality
was the same as the initial property. That is, the
recording head maintained a sufficient ink repellency. A
rubbing test was conducted through the use of a silicone
rubber while injecting a dye ink. As a result, the
contact angle 6f the recording head to water was 100° or
more after rubbing the recording head 5000 times. Thus,
an ink jet recording head which gives rise to
substantially no deterioration of the water repellency
and can provide a high setting quality for a long period
of time could be realized.

Example D2

Fig. 4 is a typical cross—sectional view of an
embodiment of an ink jet recording head. Numeral 1
designates a pressure chamber which is a portion for
obtaining a pressure used in the ejection of an ink by
means of a PZT element or a heating element. Numeral 2
designates an ink jet nozzle. Numeral 31 designates a
first substrate provided with a pattern groove for an ink

passage. Numeral 32 designates a second substrate. An

* | "REPLACED

THIS SHEET HAS BEEN .




10

15

20

25

30

35

. -

e —

heet Has Been Replaced

T

"ink passage is formed by laminating both members on top

of the other. Numeral 33 designates a nozzle plate.

Fig. 5 ;s a typical cross—sectional view showing the
step of a tréatment for rendering the surface of a nozzle
water—repellent. Fig. 5 (a) is an enlarged view of the
vicinity of a nozzle in a nozzle plate comprising nickel
prior to the treatment. Fig. 5 (b) shows a state
obtained when "CYTOP" (manufactured by Asahi Glass Co.,
Ltd.) is dissolved in a fluorocarbon solvent having a
suitable vapor pressure and coated on the whole surface
of a nozzle plate comprising nickel through dipping.
Although the concentration of the solution and the film
thickness can be suitably selected, in this example, the
nozzle plate was pulled up from a solution having a
concentration of 3 % by weight at a rate of 3 cm/min, and
the coating was dried at 180°C to form a 0.1 pm—thick
polymer layer of "CYTOP CTX". The observation under a
microscope has revealed that the formed thin film was
very dénse and homogeneous. The film had a high contact
angle of 105° to water, that is, a high water repellency.
Further, it was also confirmed that the treatment for
rendering the inside of the nozzle 1nk—repe11ent could be
homogeneously conducted.

Fig. 5 (c) shows a state obtained when the reverse
surface of the nozzle plate was ground through the use of
a lapping paper. Suitable grinding conditions may be .
selected. 1In this example, the grinding was conducted by
a method wherein use is made of a lapping paper of #2000
comprising a diamond powder as a grinding agent, a load
of 100 g/cm? is applied while injecting water, and the
surface of the fluoropolymer and the lapping,paper'are
mutually rotated. Since the control of the flatness of
the su;face is relatively easy, no fluoropolymer layer

within the nozzle is not removed and the water repellency

of the surface of thé nozzle is maintained. In the
polysulfone resin per se as well, the slightly ground

surface 22 is a flat surface having a suitable surface
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roughness and has an improved adhesion to an adhesive.
Fig. 5 (d) shows a state obtained when the nozzle plate
subjected to.the above—described treatment for rendering
the surface Qéter—repellent and a first substrate
comprising a polycarbonate resin are washed, dried and
then bonded to each other with an adhesive. It is
apparent that a satisfactory bonding strength is
obtained.

- The ink jet recording head thus produced was mounted
on a recording device, and a setting test was conducted.
As a result, neither omission of dot nor disturbance of
setting occurred. That is, it was confirmed that the
nozzle was successfully rendered water—repellent. Then,
the ink jet recording head was immersed in a dye ink at
70°C for 5 days, agd'a setting test was conducted in the
same manner as that described above. The setting guality
was the same as the initial property. That is, the
recording head maintained a sufficient ink repellency. A
rubbing test was conducted through the use of a silicone
rubber while injecting a dye ink. As a result, the '
contact angle of the recording head to water was 100° or
more after.rubbing the recording head 5000 times. Thus,
an ink jet recording head which gives rise to
substantially no deterioration of the water repellency
and can provide a high setting quality for a long period
of time could be realized.

Example D3

A high .polymer of an ethylene tetrafluoride/vinyl
ester copolymer was dissolved in a solvent having a
suitable vapor pressure, and the solution was coated
through dipping on a nozzle plate comprising a
polyethersulfone resin. Although the concentration of
the solution and the film thickness can be suitably
selected, in this example, the nozzle plate was pulled up
from a solution having a concentration of 0.1 % by weight
at a rate of 20 cm/min, and the coating was dried at
120°C to form a 0.05 pm—thick fluoropolymer layer. The
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observation under a microscope has revealed that the

32

formed thin film was very dense and homogeneous. The
film had a contact angle of 100° to water, that is, a
high water répellency. Further, it was confirmed that
the treatment for rendering the inside of the nozzle ink-—
repellent could be homogeneously conducted. Grinding was
conducted through the use of a PVA (polyvinyl alcohol)
grinding stone under suitable conditions to remove a
fluoropolymer polymer formed on the reverse surface of
the nozzle plate.

A first substrate comprising a polycarbonate sulfone
resin and the nozzle plate subjected to a surface
treatment were washed and dried, and then bonded to each
other through the use of a solvent comprising a
polyethersulfone resin to assemble an ink jet recording
head. The ink jet recording head thus produced was
mounted on a recording device, and a setting test was
conducted. As a result, neither omission of dot nor
disturbance of setting occufred. That is, it was
confirmed that the nozzle was successfully rendered
water—-repellent. Then, the ink jet recording head was
immersed in a pigment ink at 70°C for 5 days, and a
setting test was conducted in the same manner as that
described above. The setting quality was the same as the
initial property. That is, the recording head maintained
a sufficient ink repellency. A rubbing test was
conducted through the usé.of a silicone rubber while
injecting a dye ink. As a result, the contact angle of
the recording head to water was 95° or more after rubbing

the recording head 5000 times. Thus, an ink jet

- recording head which gives rise to substantially no

deterioration of the water repellency and can provide a
high setting quality for a long period of time could be
realized. '

The present invention was described above with
reference to examples. Materials used in the ink jet
recording head and structures of the ink jet recording
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head and the kind of the fluoropolymer layer formed on
the surface of the nozzle may be varied and are not

particularlyﬁlimited.. Further, there is no particular
limitation oﬂ the solvent for the fluoropolymer and the

conditions for coating and grinding.
As described above, the present invention can
provide an ink jet recording head capable of providing a

high setting quality through a homogeneous treatment for

.rendering the surface and inside of the nozzle water—

repellent. Further, the treatment for rendering a
recording head water-repellent according to the present
invention is very excellent in the persistence of the
water repellency, which contributes to a prolongation of
the service life of the recording head.

Embodiment E '

According to this embodiment, the process for
producing an ink jet recording head having a
fluoropolymer layer formed on the surface of a nozzle for
jetting an ink comprises the steps of:

a) coating a positive—working resist on at least the
reverse surface of a nozzle plate; _

- 'b) irradiating the nozzle plate with an ionizing
radiation from the surface side of the nozzle plate with
the reverse surface side being light—shielded;

' c) developing the irradiated surface and removing
the resist from the surface of the nozzle plate and the
inside of the nozzle;

d) coating a solution of a fluoropolymer dissolved
in a solvent on the whole surface of the nozzle plate by
dipping; ,

e) removing the resist layer and the fluoropolymer
layer on the reverse surface side of the nozzle plate by
means of a resist peeling solution; and

f) bonding the nozzle plate to an ink jet recording
head.

In the treatment for rendering the surface of the

nozzle water—repellent, since the contact angle of water
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to the surface of the nozzle should be at least 90°,
preferably at least 100°, the polarizability is so small
that it is iQdispensable to introduce fluorine having a
remarkably sﬁéll inter—molecular cohesive force.

Further, in the treatment for rendering the surface of
the nozzle water—repellent, a high adhesion is separately
required from the viewpoint of use.

The fluoropolymer represented by polyethylene
tetrafluoride has excellent features such as heat
resistance, chemical resistance and weather resistance.
It, however, is insoluble in a solvent, so that, as
described above, only powder coating can be applied
thereto. Therefore, not only the film strength is low,
but also the adhesion at the interface is remarkably low.
In recent years, a cépolymer of a solvent—soluble polymer
with a fluoropolymer and a synthetic polymer having a
special fluorine—cbntaining side chain have become
prepared. Since these materials can substantially
maintain properties of the conventional fluoropolymers
and_are soluble in a solvent, it is possible to easily'
obtain a smooth surface free from a pinhole through
coating. In order to attain a film strength and a

bonding strength between the film and the substrate

" derived from the film strength, it is indispensable for

the molecular weight to be increased prior to the
formation of the film. |

In order to homogeneously form a fluoropolymer layer
also within a nozzle, it is necessary that after a
flubropolymer is dissolved in a solvent having a suitable
vapor pressure to a relative low concentration, the
solution be coated on a nozzle plate isolated as a part
through dipping. Further, the nozzle plate cannot be
bonded to an ink jet recording head without removing
through grinding the fluoropolymer layer formed on the
reverse surface of the nozzle plate. Further, when the
reverse surface of the nozzle plate serves as an ink

passage, the presence of the fluoropoclymer polymer is
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detrimental to the discharge of bubbles formed within the

ink and it becomes impossible to conduct a treatment for

35

rendering thg}surface hydrophilic for preventing a
lowering in éhe capability of discharging bubbles.

5 The above object can be attained by forming a resist
only on the reverse surface of the nozzle plate and
removing the fluoropolymer layer together with the resist
layer through the use of a resist peeling solution. The
resist is usually patterned by exposure through a

10 photomask. This method is disadvantageous in that the
alignment is troublesome, which is causative of a
lowering in the yield. When use is made of an exposure
method which comprises coating a positive—working resist
on at least the reverse surface of the nozzle plate,

15 1light—shielding the reverse surface of the plate and
irradiating the nozzle plate from the surface thereof,
patterning is automatically conducted and it becomes
unnecessary to use the photomask. |

Example E1

20 . Fig. 1 is a typical cross—sectional view of an
embodiment of an ink jet recording head. Numeral 1
designates a pressure chamber which is a portion for
obtaining a pressure used in the ejection of an ink by
means of a PZT element or a heating element. Numeral 2

25 Jesignates an ink jet nozzle. Numeral 3 designates a
first substrate provided with a pattern groove for an ink
passage. Numeral 4 designates a nozzle plate. 2an ink
passage is formed by laminating both members on top of
the other. .

30 Fig. 6 is a typical cross—sectional view showing the
step of a treatment for rendering the surface of a nozzle
water—repellent. Fig. 6 (a) is an enlarged view of the
vicinity of the nozzle in a nozzle plate comprising a
polysulfone resin prior to the treatment. Fig. 6 (b)

35 shows a state obtained when the reverse surface of the
nozzle plate and the inside of the nozzle is spin—coated

with a positive-working resist which is then prebaked to
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form a resist layer 21. Fig. 6 (c) shows the step of
irradiating the nozzle plate from the surface of the

nozzle plate.with the reverse surface being light-—
shielded by ﬁeans of a light—shielding film 22 with a
light from a mercury lamp. It is a matter of course that
the nozzle plate may be sandwiched between two sheets of
glass sheets. Fig. 6 (d) shows a state obtained when the
exposed nozzle plate is developed, sufficiently rinsed
and post—baked to leave the resist layer only on the
reverse surface of the nozzle plate.

Fig. 6 (e) shows a state obtained when "Teflon AF"
(manufactured by De Pont (E.I.) de Nemours & Co) is
dissolved in a fluorocarbon solvent having a suitable
vapor pressure and coated through dipping on the whole
surface of a nozzle plate comprising a polysulfone resin.
Although the concentration of the solution and the film
thickness can be suitably selected, in this example, thé
nozzle plate was pulled up from a solution having a
concentration of 1 % by weight at a rate of 10 cm/min,
and the coating was dried at 120°C to form a.0.1 pm—thick
polymer layer of "Teflon AF". The observation under a
microscope has revealed that the formed thin film was
very dense and homogeneous. The film had a contact angle
of 110° to water, that is, a high water repellency.
Further, it was confirmed- that the treatment for
rendering the inside of the nozzle ink—repellent could be
homogeneously conducted. Fig. 6 (f) shows a state
obtained when the resist layer and fluoropolymer layer on
the reverse surface of the nozzle plate are removed
through the use of a resist peeling solution.

The fluoropolymér layer in the inside of the nozzle
and on the surface of the nozzle plate were not removed,
and the effect of the treatment for rendering the in the
inside of the nozzle and on the surface of the nozzle
plate water—repellent was maintained. A polysulfone
resin was exposed on the reverse surface of the nozzle

plate. If necessary, it is also possible to conduct a
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treatment for rendering the surface hydrophilic. The

nozzle plate subjected to a treatment for rendering the
surface watef:repellent and a first plate comprising a
polysulfone fesin were washed and dried, and a solvent
was coated thereon. The nozzle plate and the first
substrate were bonded to each other through a scolvent
cement to assemble an ink jet recording head. The
reverse surface of the nozzle plate had a good adhesion
because it had not been subjected to the treatment for
rendering the surface water—repellent.

The ink jet recording head thus produced was mounted
on a recording device, and a setting test was conducted.
As a result, neither omission of dot nor disturbance of
setting occurred. That is, it was confirmed that the
nozzle was successfuily rendered water—repellent. Then,
the ink jet recording head was immersed in a dye ink at
70°C for S5 days, and a setting test was conducted in the
same manner as that described above. The setting quality
was the same as the initial property. That is, the
recording head maintained a sufficient ink repellency. A
rubbing test was conducted through the use of a silicone
rubber while injecting a dye ink. As a result, the
contact angle of the recording head to water was 100° or
more after rubbing the recording head 5000 times. Thus,
an ink jet recording head which gives rise to
substantially no deterioration of the water repellency
and can provide a high setting quality for a long period
of time could be realized.

Example E2

Fig. 4 is a tyéical cross—sectional view of an
embodiment of an ink jet recording head. Numeral 1
designates a pressure chamber which is a portion for
obtaining a pressure used in the ejection of an ink by
means of a PZT element or a heating element. Numeral 2
designates an ink jet nozzle. Numeral ‘31 designates a
first substrate provided with a pattern groove for an ink

passage. Numeral 32 designates a second substrate. An

REPLACED
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ink passage is formed by laminating both members on top

38

of the other. Numeral 33 designates a nozzle plate.

Fig. 7 is a typical cross—sectional view showing the
step of a tréatment for rendering the surface of a nozzle
water—repellent. Fig. 7 (a) is an enlarged view of the
vicinity of a nozzle in a nozzle plate comprising nickel
prior to the treatment. Fig. 7 (b) shows a state
obtained when a positive-working resist is formed through
dip coating on the whole surface of a nozzle including
the inside of the nozzle and prebaked to form a resist.
layer 21. Fig. 7 (c) shows the step of irradiating the
ndzzle plate from the surface with the reverse surface
being light—shielded by means of a metal plate 22 with a
light from a mercury lamp. Fig. 7 (d) shows a state
obtained when the exéosed nozzle plate is developed with
a developing solution, sufficiently rinsed and post—baked
to leave the resist layer only on the reverse surface of
the nozzle plate.

Fig. 7 (e) shows a state obtained when "CYTOPY
(manufactured Asahi Glass Co., Ltd.) is dissolved in a
fluorocarbon solvent having a suitable vapor pressure and
coated on the whole surface of a nozzle plate comprising
nickel through dipping. Although the concentration of
the solution and the film thickness can be suitably
selected, in this example, the nozzle plate was pulled up
from a solution having a concentration of 0.2 % by weight
at a rate of 100 cm/min, and the coating was dried at
120°C to form a 0.05 pm—thick polymer layer of "CYTOP
CTX". The observation under a microscope has revealed
that the formed thin film was very dense and homogeneous.
The film had a contact angle of 105° to water, that is, a
high water repellency. Further, it was confirmed that
the treatment for rendering the inside of the nozzle ink—
repellent could be homogeneously conducted. Fig. 7 (£f)
shows a state obtained when after the resist layer and
fluoropolymer layer on the reverse surface of the nozzle

plate are removed through the use of a resist peeling
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solution, the nozzle plate and a first substrate

comprising a polycarbonate resin are washed and dried and
then bonded to each other with an adhesive. A
satisfactorywbonding strength could be obtained.

The ink jet recording head thus produced was mounted
on a recording device, and a setting test was conducted.
As a result, neither omission of dot nor disturbance of
setting occurred. That is, it was confirmed that the
nozzle was successfully rendered water—repellent. Then,
the ink jet recording head was immersed in a dye ink at
70°C for 5 days, and a setting test was conducted in the
same manner as that described above. The setting quality
was the same as the initial property. That is, the
recording head maintained a sufficient ink repellency. A
rubbing test was conducted through the use of a silicone

‘rubber while injecting a dye ink. As a result, the

contact angle of the recording head to water was 100° or
more after rubbing the recording head 5000 times. Thus,
an ink jet recording head which gives rise to
substantially no deterioration of the water repéllency
and can provide a high setting quality for a long period
of time could be realized.

Example E3 .

A resist layer was left only on the reverse surface
of a nozzle plate comprising a stainless steel in the
same manner as that of Example E2. A high polymer of an
ethylene tetrafluoride/vinYl ester copolymer was
dissolved in a solvent having a suitable vapor pressure,
and the solution was-coated on the nozzle plate through
dipping. Although the concentration of the solution and
the film thickness can be suitably selected, in this
example, the nozzle plate was pulled up from a solution
having a concentration of 0.1 % by weight at a rate of 20
cm/min, and the coating was dried at 120°C to form a 0.02
pum—thick fluoropolymer layer. The observation under a
microscope has revealed that the formed thin film was
very dense and homogeneous. The film had a high contact
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angle of 100° to water, that is, a high water repellency.
Further, it was also confirmed that the treatment for
rendering the.inside of the nozzle ink-repellent could be
homogeneousl§ conducted. Further, the resist layer and
fluoropolymer layer on the reverse surface of the nozzle
plate were removed with a resist peeling solution.

A first substrate comprising a polyethersulfone
resin and the nozzle plate subjected to the surface
treatment were washed and dried and'then bonded to each
other by means of an adhesive tape. The ink jet
recording head thus produced was mounted on a recording
device, and a setting test was conducted. As a result,
neither omission of dot nor disturbance of setting
occurred. That is, it was confirmed that the nozzle was
successfully rendered water—repellent. Then, the ink jet
recording head was immersed in a pigment ink at 70°C for
5 days, and a setting test was conducted in the same
manner as that described above.  The setting quality was
the same as the initial property. That is, the recording
head maintained a sufficient ink repellency. A rubbing
test was conducted through the use of a silicone rubber
while injecting a pigment ink. As a result, the contact
angle of the recording head to water was 95° or more
after rubbing the recording head 5000 times. Thus, an
ink jet recording head which gives rise to substantially
no deterioration of the water repellency and can provide
a high setting quality for a long period of time could be
realized.

The present invention was described above with
reference to examples. Materials used in the ink jet
recording head and structures of the ink jet recording
head and the kind of the fluoropolymer layer and the
positive—working layer may be varied and are not
particularly limited. Further, there is no particular
limitation on the solvent for the fluoropolymer and the

coating method. -
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In the process according to the present embodiment,
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an ink jet recording head comprising a fluoropolymer
layer formedﬂpn the surface of a nozzle for jetting an
ink is produced by coating a fluoropolymer on the whole
surfacé of a nozzle plate through dipping, forming a
protective layer at least within the nozzle, grinding the
reverse surface of the nozzle plate to remove at least
the fluoropolymer layer and removing the protective
layer.

In the treatment for rendering the surface of the
nozzle water—repellent, since the contact angle of water
to the surface of the nozzle should be at least 90°,
preferably at least 100°, the polarizability is so small
that it is indispensable to introduce fluorine having a
remarkably small intér—molecular cohesive force.

'Further, in the treatment for rendering the surface of

the nozzle water—repellent, a high adhesion is separately
required from the viewpoint of use.

The fluoropolymer repfesented by polyethylene
tetrafluoride has excellent features such as heat
resistance, chemical resistance and weather resistance.
It, however, is insoluble in a sdlvent, so that, as
described above, only powder coating can be applied
thereto. Therefore, not only the film strength is low,
but also the adhesion at the interface is remarkably low.
In recent years, a copolymer of a solvent—soluble polymer
with a fluoropolymer and a synthetic polymer having a
special fluorine—containing side chain have become
prepared.  Since these polymers can maintain properties
of the conventional fluoropolymers and are socluble in a
solvent, a smooth surface free from a pinhole can be
easily prepared by coating. In order to attain a film
strength and a bonding'strength between the film and the
substrate derived from the film strength, it is
indispensable for the molecular weight to be increased

prior to the formation of the film.
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In order to homogeneously form a fluoropoclymer layer
also within a nozzle, it is necessary that after a
fluoropolymer.is dissolved in a. solvent having a suitable
vapor pressufe to a relative low concentration, the
solution be coated on a nozzle plate isolated as a part
through dipping. Further, the nozzle plate cannot be
bonded to an ink jet recording head without removing
through grinding the fluoropolymer lavyer formed on the
reverse surface of the nozzle plate. Further, when the
reverse surface of the nozzle plate serves as an ink
passage, the presence of the fluoropolymer polymer is
detrimental to the discharge of bubbles formed within the
ink and it becomes impossible to conduct a treatment for
rendering the surface hydrophilic for preventing a
lowering in the capability of discharging bubbles.

In this connection, it is noted that, in the step of
grinding, when the fluoropolymer layer is not protected,
the fluoropolymer layer is flawed by an abrasive material
or a fraction of the ground substrate, so that an ink
droplet does not go straight, which unfavorably gives
rise to an ﬁnacceptable setting quality. It is preferred
for the protective layer to be formed on the surface of
the nozzle and within the nozzle. However, it is very
difficult to form another layer on a fluoropolymer layer
having excellent water repellency and oil repellency
according to a simple method. Since the nozzle comprises
a thin pipe, a protective layer can be relatively eésily
formed within the nozzle. 1In the step of grinding, the
protection of the surface of the nozzle is not always
necessary when the surface of the nozzle is in close
contact with a support and a protective layer is formed
within the nozzle. When the protective layer comprises a
high polymer soluble in a solvent which
does not attack the fluoropolymer, it can be easily
provided or removed and the water repellency of the
fluoropolymer as well can be maintained.

Example F1
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ig. 1 is a typical cross—sectional view of an

embodiment of an ink jet recording head. Numeral 1
designates a.pressure chamber which is a portion for
obtaining a bressure used in the ejection of an ink by
5 means of a PZT element or a heating element. Numeral 2
'~ designates an ink jet nozzle. Numeral 3 designates a
first substrate provided with a pattern groove for an ink
passage. Numeral 4 designates a nozzle plate. An ink
passage is formed by laminating both members on top of
10 the other. |
Fig. 8 is a typical cross—sectional view showing the
step of treatment for rendering the surface of a nozzle
. water-repellent. Fig. 8 (a) is an enlarged view of the
vicinity of the nozzle in a nozzle plate comprising a
15 polysulfone resin prior to the treatment. Fig. 8 (b)
shows a state obtained when "Teflon AF" (manufactured by
De Pont (E.I.) de Nemours & Co) is dissolved in a
fluorocarbon solvent having a suitable vapor pressure and
coated on the whole surface of a nozzle plate comprising
20 a polysulfone resin through dipping. Although the
concentration of the solution and the film thickness can
be suitably selected, in this example, the nozzle plate
was pulled up from a solution having a concentration of 1
% by weight at a rate of 10 em/min, and the coating was
25 dried at 120°C to form a 0.1 um—thick polymer layer of
"Teflon AF". The observation under a microscope has
revealed that the formed thin film was very dense and
homogeneous. The film had a contact angle of 110° to
water, that is, a high water repellency. Further, it was
30 confirmed that the treatment for rendering the inside of
the nozzle ink~repellent could be homogeneously
conducted.
| Fig. 8 (c) shows a state obtained when a photoresist
having a high viscosity is coated through dipping and
35 baked without exposure; Although no homogeneous coating
could be conducted, a protective layer 22 was formed at

least within the nozzle. The polysulfone resin, as such,
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is attacked by a solvent for a photoresist. Since,
hoWever, a dense film comprising a fluoropolymer is
formed, no dgterioration occurred. Fig. 8 (d) shows a
state obtained when the reverse surface of the nozzle
plate is ground through the use of a lapping paper.
Suitable grinding conditions may be selected. 1In this
example, the grinding was conducted by a method wherein
use is made of a lapping paper of #8000 comprising a
diamond powder as a grinding agent, a load of 20 g/cm? is
applied while injecting water, and the surface of the
fluoropolymer and the lapping papér are mutually rotated.
The fluoropolymer layer and protective layer within the
nozzle were not ground but maintained as they were. In
the polysulfone resin per se as well, the slightly ground
surface 23 is a flat'surface-having a suitable surface
roughness and has an improved wettability with an ink.

If necessary, it is also possible to conduct a treatment
for rendering the surface hydrophilic. Fig. 8 (e) shows
a state obtained when the nozzle plate is immersed in a
water—based resist peeling solution and heated to remove
the resist of the protective layér. A smooth
fluoropolymer layer free from a flaw caused by grinding
appeared on the surface of the nozzle.

The nozzle plate subjected to a treatmént for
rendering the surface water—repellent and a first plate
comprising a polysulfone resin were washed and dried, and
a solvent was coated thereon. The nozzle plate and the
first substrate were bonded to each other through a
solvent cement to assemble an ink jet recording head.

The reverse surface of the nozzle plate had an excellent
flatness, a good working property and a large adhesion.

The ink jet recording head thus produced was mounted
on a recording device, and a setting test was conducted.
As a result, neither omission of dot nor disturbance of
setting occurred. That is, it was confirmed that the
nozzle was successfully rendered water—repellent. Then,
the ink jet recording head was immersed in a dye ink at.
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70°C for 5 days, and a setting test was conducted in the
same manner as that described above. The setting quality
was the same.as the initial property. That is, the
recording heéd maintained a sufficient ink repellency. A
rubbing test was conducted through the use of a silicone
rubber while injecting a dye ink. As a result, the
contact angle of the recording head to water was 100° or
more after rubbing the recording head 5000 times. Thus,
an ink jet recording head which gives rise to
substantially no deterioration of the water repellency
and can provide a high setting quality for a long period
of time could be realized.

Example F2

Fig. 4 is a typical cross—sectional view of an
embodiment of an ink jet recording head. Fig. 4 (a) is
an enlarged view of the vicinity of the nozzle in a
nozzle plate comprising nickel prior to the treatment.
Fig. 4 (b) shows a state obtained when "CYTOP"
(manufactured by Asahi Glass Co., Ltd.) is dissolved in a
fluorocarbon solvent having a suitable vapor pressure and
coated on the whole surface of a nozzle plate comprising
nickel through dipping. Although the concentration of
the solution and the film thickness can be suitably
selected, in this example, the nozzle plate was pulled up
from a solution having a concentration of 0.2 % by weight
at a rate of 100 cm/min, and the coating was dried at
120°C to form a 0.05 pm—thick polymer layer of "CYTOP
CTX". The observation under a microscope has revealed
that the formed thin film was very dense and homogeneous.
The film had a high contact angle of 105° to water, that
is, a high water repellency. Further, it was also
confirmed that the treatment for rendering the inside of
the nozzle ink-repellent could be homogeneously
conducted.

Fig. 4 (c) shows a state bbtained when an acrylic
resin is dissolved in acetone and the solution is coated

several times through dipping to form a coating which is
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then dried. Although no homogeneous coating could be
attained, a protective layer 22 was formed at least
within the ng?zle. Fig. 4 (d) shows a state obtained
when the revérse surface of the nozzle plate is ground
through the use of a lapping paper. Suitable grinding
conditions may be selected. In this example, the
grinding was conducted by a method wherein use is madé of
a lapping paper of #2000 comprising a diamond powder as a
grinding agent, a load of 100 g/cm? is applied while
injecting water, and the surface of the fluoropolymer and
the lapping paper are mutually rotated. The
fluoropolymer layer and protective layer within the
nozzle could be maintained as they were without being
ground. In the nickel per se as well, the slightly
ground surface 22 is a flat surface having a suitable
surface roughness and has an improved adhesion to an
adhesive. If necessary, it is also possible to conduct a
treatment for rendering the surface hydrophilic. Fig. 4
(e) shows a state obtained when the nozzle plate is
exposed to an ultrasonic wave and the acrylic resin as
the protective layer is removed. A smooth fluoropolymer
layer free from a flaw caused by grinding appeared on the
surface of the nozzle. )

Fig. 4 (f) shows a state obtained when the nozzle
plate subjected to the above-—described treatment and a
first substrate comprising a polycarbonate resin washed
and dried and then bonded to each other with an adhesive.
A satisfactory bonding strength is obtained.

The ink jet recording head thus produced was mounted
on a recording device, and a setting test was conducted.
As a result, neither omission of dot nor disturbance of
setting occurred. That is, it was confirmed that the
nozzle was successfully rendered water-repellent. Then,
the ink jet recording head was immersed in a dye ink at
70°C for 5 days, and a setting test was conducted in the
same manner as that described above. The setting quality
was the same as the initial property. That is, the
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recording head maintained a sufficient ink repellency. A
rubbing test was conducted through the use of a silicone
rubber whileginjecting a dye ink. As a result, the
contact anglé of the recording head to water was 100° or
more after rubbing the recording head 5000 times. Thus,
an ink jet recording head which gives risé to
substantially no deterioration of the water repellency
and can provide a high setting quality for a long period
of time could be realized.

Example F3

A high polymer of an ethylene tetrafluoride/vinyl
ester copolymer was dissolved in a solvent having a
suitable vapor pressure, and the solution was coated on a
nozzle plate comprising stainless steel through dipping.
Although the concentration of the solution and the film
thickness can be suitably selected, in this example, the
nozzle plate was pulled up from a solution having a
concentration of 0.1 % by weight at a rate of 20 cm/min,
and the coating was dried at 120°C to form a 0.02 pm—
thick fluoropolymer layer. The observation under a
microscope has revealed that the formed thin film was
very dense and homogeneous. The film had a high contact
angle of 100° to water, that is, a high water repellency.
Further, it was also confirmed that the treatment for
rendering the inside of the nozzle ink—repeilent could be
homogeneously conducted.

PVA (polyvinyl alcohol) was dissolved in dioxane,
and the coating was conducted. The resultant coating was
then dried to form a protective layer at least within the

.nozzle. Further, grinding was conducted through the use

of a PVA grinding stone under suitable conditions to
remove a fluoropolymer polymer formed on the reverse
surface of the nozzle plate. The nozzle plate was |
immersed in dioxane and, in this state, exposed to an
ultrasonic wave to remove the protective layer comprising
PVA.
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A first substrate comprising a polyethersulfone
resin and the nozzle plate subjected to the above—
described surface treatment were washed and dried and
then bonded to each other by means of an adhesive tape in

5 the same manner as that of Example 2 to assemble an ink
jet recording head. The ink jet recording head thus
produced was mounted on a recording device, and a setting
test was conducted. As a result, neither omission of dot

nor disturbance of setting occurred. That is, it was

10 confirmed that the nozzle was successfully rendered

water—repellent. Then, the ink jet recording head was
immersed in a pigment ink at 70°C for 5 days, and a
setting .test was conducted in the same manner as that
described above. The setting quality was the same as the
15 initial property. That is, the recording head maintained
a sufficient ink repellency. A rubbing test was
conducted through the use of a silicone rubber while
injecting a pigment ink. As a result, the contact angle
of the recording head to water was 95° or more after

20 rubbing the recording head 5000 times. Thus, an ink jet
recording head which gives rise to substantially no
deterioration of the water repellency and can provide a
high setting quality for a long.period of time could be

realized.

25 The present invention was described above with

reference to examples. ‘Materials used in the ink jet
recording head and structures of the ink jet recording
head and the kind of the fluoropolymer layer and
protective layer formed on the surface of the nozzle may
30 be varied and are not particularly limited. Further,
there is no particular limitation on the solvent for the
fluoropolymer and the conditions for coating and
grinding. |

Embodiment G
35 In the process according to this embodiment, an ink
jet recording head comprising a fluoropolymer layer

formed on the surface of a nozzle for jetting an ink is
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produced by spreading a solution of a fluoropolymer

dissolved in a solvent on the surface of water,
evaporating the solvent and bringing the spread film into
contact withwthe surface of a nozzle.

In the treatment for rendering the surface of the
nozzle water—repellent, since the contact angle of water
to the surface of the nozzle should be at least 909,
preferably at least 100°, the polarizability is so small
that it is indispensable to introduce fluorine having'a
remarkably small inter—molecular cohesive force. Further,
in the treatment for rendering the surface of the nozzle
water—repellent, a high adhesion is separately required
from the viewpoint of use.

The fluoropolymer represented by polyvethylene
tetrafluoride has excellent features such as heat
resistance, chemical resistance and weather resistance.
It, however, is insoluble in a solvent, so that, as
described above, only powder coating can be applied
thereto. Therefore, not only the film strength is low,
but also the adhesion at the interface is remarkably iow.
In recent vears, a copélymer of a solvent—soluble polymer
with a fluoropoljmer and a synthetic polymer having a
special fluorine—containing side chain have become
prepared. Since these polymers can maintain properties
of the conventional fluoropolymers and are socluble in a
solvent, a smooth surface free from a ﬁinhole can be
easily prepared by coating. In order to attain a f£ilm
strength and a bonding strength between the film and the
substrate derived from the film strength, it is
indispensable for the molecular weight to be increased
prior to the formation of the film.

When a solution of a fluoropolymér dissolved in a
solvent is spread on the surface of water and the solvent
is then evaporated, a water surface spread film of a
fluoropolymer is formed. The film thickness can be
regulated by preparing a calibration curve and regulating

the amount of dropping of the solution, the concentration
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of the solution, etc. When the surface of a nozzle is

brought into contact with the surface of water, the water
surface spread film of a fluoropolymer is transferred to-
only a portién which has been brought into contact with
the spread film but not transferred within the nozzle.
Even in a failure in operation, the inner diameter of the
nozzle is merely reduced by the film thickness of the
water surface spread film, so that the water surface
spread film enters the inside of the nozzle by the same
distance as the inner diameter of the nozzle at the
maximum. Ink repellency can be attained even when the
thickness of the fluoropolymer film is as small as about
100 A. Since the nozzle diameter is 100 um or less,
there occurs no problem in the practical use.

The water surface spread film.of a fluoropolymer has
a sufficient film strength. A sufficient film strength
can be obtained by transferring a water surface spread
film of a fluorcopolymer on the surface of a nozzle and
heat—treating the transferred film. If necessary, the
transfer of the water surface spread film of a
fluoropolymer on the surface of the nozzle can be
repeated a plurality of times for the purpose of
enhancing the ink repellency.

Example Gl

Fig. 10 is a schematic view of an ink jet recording
head.  Numeral 101 designates a pressure chamber which is
a portion for obtaining a pressure used in the ejection
of an ink by means of a PZT element or a heating element.
Numeral 102 designates an ink passage, and numeral 103
designates an ink jet nozzle.

Fig. 11 is a typical cross—sectional view showing
the step of treatment for rendering the surface of a
nozzle water—repellent. Fig. 11 (a) shows a state
obtained when "Teflon AF" (manufactured by De Pont (E.I.)
de Nemours & Co) is dissolved in a fluorocarbon solvent
and the solution is spread on the surface of water.
Althdugh the concentration of the solution and the amount
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of dropping of the solution can be suitably selected, in
this example, a solution having a concentration of 0.05 %
by weight was ,prepared, the amount of solution capabie of
forming a 0.1 pm—thick polymer layer of "Teflon AF" was

5 calculated, and the solution in the determined amount was
dropped on the surface of water. Fig. 11 (b) shows a
state obtained when the surface of a nozzle comprising an
acrylic resin is brought into contact with the water
surface spread film of a fluoropolymer formed by

10 evaporating the fluorocarbon solvent. It is not always
necessary that the surface of the nozzle be bréught into
contact with the surface of water in a parallelhmanner,
and the surface of the nozzle may be brought into contact
with the surface of water in a slightly inclined state.

15 Purther, the nozzle may be submerged into the water to
some extent. Fig. 11 (c) shows a state obtained when a
nozzle is pulled up from the surface of water to transfer
a water surface spread f£ilm of a fluoropolymer to the
surface of the nozzle.

20 Fig. 12 is an enlarged view of the nozzle portion
for jetting an ink shown in Fig. 11 (¢). When the
surface of the nozzle was brought into contact with the
surface of water, the water surface spread film of a
fluoropolymer was transferred to the surface of the

25 nozzle only at a portion which had been brought into
contact with the water surface spread film and the water
surface spread film positioned at the hole of the nozzle
was left as it was on the surface of water. The
transferred film was heat—tréated at 150°C for one hour,

30 and then observed under a microscope. As a result, it
was confirmed that the formed thin film was very dense
and homogeneous. The film had a contact angle of 100° to
water, that is, a high.water repellency. Further, it was
confirmed that the inside of the nozzle.was subjected to

35 no treatment for rendering it water—repellent.

The ink jet recording head thus produced was mounted

on a recording device, and a setting test was conducted.
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As a result, neither omission of dot nor disturbarice of
setting occurred. That is, it was confirmed that the
nozzle was spccessfully rendered water—repellent. Then,
the ink jet recording head was immersed in a dye ink at
70°C for 5 days, and a setting test was conducted in the
same manner as that described above. The setting quality
was the same as the initial property. That is, the
recording head maintained a sufficient ink repellency. A
rubbing test was conducted through the use of a silicone
rubber while injecting a dye ink. As a result, the
contact angle of the recording head to water was 100° or
more after rubbing the recording head 5000 times. Thus,
an ink jet recording head which gives rise to
substantially-no deterioration of the water repellency
and can provide a high setting quality for a long period
of time could be realized.

Example G2

Fig. 4 is a typical cross—sectional view of an
embodiment of an ink jet recording head. Numeral 1
designates a pressure chamber which is a portion for
obtaining a pressure used in the ejection of an ink by
means of a PZT element or a heating element. Numeral 3
designates an ink jet .nozzle. Numeral 31 designates a
first substrate provided with a pattern groove for an ink
passage. Numeral 32 designates a second substrate. An
ink passage is formed by laminating both members on top
of the other. Numeral 33 designates a nozzle plate.
Fig. 13 is a typical cross—sectional views showing the
steps of rendering the surface of a nozzle water—
repellent. Fig. 13 (a) is an enlarged view of the
vicinity of a nozzle in a nozzle plate 43 comprising
nickel prior to the treatment. Fig. 13 (b) is shows a
state obtained when "“CYTOP" (manufactured by Asahi Glass
Co., Ltd,) is dissolved in a fluorocarbon solvent, the
solution is spread on the surface of water, a 0.05 pm—
thick water surface spread film 31 of a fluoropolymer

formed on the surface of water is transferred on the "
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surface of a nozzle plate and the transferred film is
heat—treated at 180°C for one hour. The observation of
the thin film.under a microscope has revealed that the
formed thin film was very dense and homogeneous. The
film had a contact angle of 108°C to water, that is, a
high water repellency. Further, it was confirmed that
the inside of the nozzle was subjected to no treatment
for rendering it water—repellent. Fig. 13 (c) shows a
state obtained when the nozzle plate subjected to the
above—described surface treatment for rendering the
surface of the nozzle water—repellent and a first
substrate 52 comprising a polycarbonate resin are washed
and dried and then bonded to each other with an adhesive
51.

The ink jet recording head thus produced was mounted
on a recording device, and a setting test was conducted.

As a result, neither omission of dot nor disturbance of

~ setting occurred. That is, it was confirmed that the

nozzle was successfully rendered water—repellent. Then,
the ink jet recording head was immersed in a dye ink at
70°C for 5 days, and a setting test was conducted in the
same manner as that described above. The setting quality
was the same as the initial property. That is, the
recording head maintained a sufficient ink repellency. A
rubbing test was conducted through the use of a silicone
rubber while injecting a dye ink. As a result, the
contact angle of the recording head to water was 100° or
more after rubbing the recording head 5000 times. Thus,
an ink jet recording head which gives rise to
substantially no deterioration of the water repellency
and can provide a high setting quality for a long period
of time could be realized.

Example G3

A high polymer of a diperfluorocalkyl fumarate/
dialkyl fumarate copolymer was dissolved in a
fluorocarbon solvent, and the solution was spread on the
surface of water. The resultant water spread film of a
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fluoropolymer having a thickness of 0.01 pm was

transferred on the surface of a nozzle in the same manner

as that of Example 1.

The above step of transfer was

additionally'repeated twice, and the resultant film was

heat—treated at 120°C for one hour.

The observation of

the thin film under a microscope has revealed that the

formed thin film was very dense and homogeneous. The

film had a contact angle of 105° to water,

high water repellency.

that is, a

Further, it was confirmed that

the inside of the nozzle was subjected to substantially

no treatment for rendering it water—repellent.

The ink jet recording head thus produced was mounted

on a recording device,

and a setting test was conducted.

As a result, neither omission of dot nor disturbance of

setting occurred. That is,

it was confirmed that the

nozzle was successfully rendered water—repellent. Then,

the ink jet recording head was immersed in a pigment ink

at 70°C for 5 days, and a setting test was conducted in

the same manner as that described above.

The setting

quality was the same as the initial property. That is,

the recording head maintained a sufficient ink

repellency.

A rubbing test was conducted through the use of a

silicone rubber while injecting a pigment ink. As a

result, the contact angle of the recording head to water

was 95° or more after rubbing the recording head 5000

times. Thus, an ink jet recording head which gives rise

to substantially no deterioration of the water repellency

and can provide a high setting quality for a long period

of time could be realized.

The present invention was described above with

reference to examples.

Materials used in the ink jet

recording head and structures of the ink jet recording

head and the kind of the fluoropolymer layer formed on

the surface of the nozzle may be varied and are not

particularly limited.
Embodiment H
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In the present embodiment, a LB film of a
fluoropolymer is formed on the surface of a nozzle for
jetting an iﬁk. The LB film is formed through the use of
a polydiperfiuoroalkyl fumarate or its copolymer as a
fluoropolymer.

In the process according to the present embodiment,
a LB film is formed by spreading a solution of a
fluoropolymer dissolved in a solvent on.the surface of
water, evaporating the solvent, moving a barrier to form
a Langmuir £ilm from the resultant spread film and
forming a LB film of a fluoropolymer on the surface of a
nozzle by a horizontal deposition method.

In the treatment for rendering the surface of the
nozzle Water—repellent, since the contact angle of water
to the surface of the nozzle should be at least 909,
preferably at least 10b°, the polarizability is so small
that it is indispensable to introduce fluorine having a
remarkably small inter—molecular cohesive force.

Further, in the treatment for rendering the surface of
the nozzle water—repellent, a high adhesion is separately
required from the viewpoint of use.

The fluoropolymer represented by polyethylene
tetrafluoride has excellent features such as heat
resistance, chemical resistance and weather resistance.
It, however, is insoluble in a solvent, so that, as
described above, only powder coating can be applied
thereto. Therefore, not only the film strength is low,
but also the adhesion at the interface is remarkably low.
In recent years, a copolymer of a solvent—soluble polymer
with a fluoropolymer and a synthetic polymer having a
special fluorine—containing side chain have become
prepared. Since these polymers can maintain properties
of the conventional. fluoropolymers and are soluble in a
solvent, a smooth surface free from a pinhole can be
easily prepared by coating. In order to attain a film
strength and a bonding strength between the film and the
substrate derived from the .film strength, it'iSﬁ-f-- '
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prior to the formation of the film.

Since the LB film of a fluoropolymer is a dense film
on a moleculér level, a very homogeneous water repellent
effect can be attained even when the film thickness is
small. The surface energy of the LB film of a
fluoropolymer having a laminate structure of at least one
layer. is equal to that of a solid film, so that a more
complete ink repellency can be obtained. However, in a
usual polymer, since the molecular skeleton has a high
degree of -freedom, the molecule is in a random coil form.
In this case, no LB film is formed, and even when coating
was conducted thick, the strength of the resultant film
is smaller than that of the LB film and the homogeneity
is poor due to the occurrence of interstice. By
contrast, when the fluoropolymer is a
polydiperfluoroalkyl fumarate or its copolymer, the
molecule takes & rigid rod form due to a great bulk of
the side chain, which enables the LB film to be easily
formed. _ _ . |

When a LB film is formed by spreading a solution of
a fluoropolymer dissolved in a solvent on the surface of
water, evaporating the solvent, moving a barrier to form
a Langmuir film from the resultant spread film and
forming a LB film of a fluoropolymer on the surface of a
nozzle by a horizontal deposition method, only a portion
which has been brought into contact with the Langmuir
film is rendered ink—repellent and the inside of the
nozzle is subjected to no treatment. Even in a failure
in operation, the inner diameter of the nozzle is merely
reduced by the film thickness of the LB film, so that the
LB film enters the inside of the nozzle by the same
distance as the inner diameter of the nozzle at the
maximum. The LB film of a fluoropolymer has a thickness

of about 10 A per layer, while the diameter of the nozzle

is about several tens of um, so that there occurs no
problem in the practical use.
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The LB film of a fluoropolymer has a sufficient film
strength. Since the LB film is formed by a horizontal
deposition mgthod, no layer of water or the like is
present betwéen the surface of the nozzle and the LB film
of a fluoropolymer, so that a satisfactory bonding
strength can be obtained. If possible, it is preferred
for the f£ilm to be heated to a temperatﬁre not below the
glass fransition temperature of the fluoropolymer.

Example H1

Fig. 10 is a schematic view of an ink jet recording
head. Numeral 101 designates a pressure chamber which is
a portion for obtaining a pressure used in the ejection
of an ink by means of a PZT element or a heating element.
Numeral 102 designateé an ink passage, and numeral 103
designates an ink jet nozzle.

Fig. 14 is a typical cross—sectional view showing
the step of treatment for rendering the surface of a
nozzle water—repellent. Fig. 14 (a) shows a state (224)
obtained when a polydiperfluorcalkyl fumarate is
dissolved in a fluorocarbon solvent and the solution is
spread on the surface of water.

fn1F2m+1
O
| (@] H
. C=_ . ;
(1 '
C C—
Ll .l)n
H C =0
!
o) (m=1-20)
.
CmFam+l

With respect to the concentration of the solution and the
amount of dropping of solution, a preliminary experiment
was conducted to prepare a T—A curve, the amount of the
solution necessary for forming on the surface of water a

monomolecular layer having an area of half of the area of

| THIS SHEET '-;_x!i-{'ss-n“rsﬁn' ‘
REPLACED_




10

15

20

25

30

35

This Sheet Has Been R,

[T

the surface of water was calculated, and the solution in
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the calculated amount was dropped on the surface of
water. Fig..14 (b) shows a state obtained when after
evaporation 6f the fluorocarbon solvent, a barrier 223 is
moved to form a Langmuir £ilm 225 and the surface of a
nozzle comprising an acrylic resin in an ink jet
recording head 226 is brought into contact with the
Langmuir film. It is not always necessary that the
surface of the nozzle be brought into contact with the
surface of water in a parallel manner, and the surface of
the nozzle may be brought into contact with the surface
of water in a slightly inclined state. Further, the -
nozzle may be submerged into the water to some extent.
Fig. 14 (c¢) shows a state obtained when a nozzle is
pulled up from the surface of water to transfer the LB
film of a fluoropolymer to the surface of the nozzle.

Fig. 15 is an enlarged view of the nozzle portion
for jetting an ink shown in Fig. 14 (c). When the
surface of the nozzle was brought into contact with the
surface of water, the LB film of a fluoropolymer 231 was
transferred to the surface of the nozzle only at a
portion - which had been brought into contact with the LB
film and the Langmuir film 225 positioned at the hole of
the nozzle was left as it was on the surface of water.
The transferred film was heat—treated at 150°C for one
hour, and then observed under a microscope. As a résult,
it was confirmed that the formed thin film was very dense
and homogeneous. The f£ilm had a contact angle of 110°C
to water, that is, a high water repellency. Further, it
was confirmed that the inside of the nozzle was subjected
to no treatment for rendering it water—repellent.

The ink jet recording head thus produced was mounted
on a recording device, and a setting test was conducted.
As a result, neither omission of dot nor disturbance of
setting occurred. That is, it was confirmed that the
nozzle was successfully rendered water—repellent. Then,
the ink jet recording head was immersed in a dye ink at
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70°C for 5 days, and a setting test was conducted in the
same manner as that described above. The setting quality
was the sameias the initial property. That is, the
recording head maintained a sufficient ink repellency. A
rubbing test was conducted through the use of a silicone
rubber while injecting a dye ink. As a result, the
contact angle of the recording head to water was 100° or
more after rubbing the recording head 5000 times. Thus,
an ink jet recording head which gives rise to
substantially no deterioration of the water repellency
and can provide a high setting quality for a long period
of time could be realized.

Example H2

Fig. 4 is a typical cross—sectional view of an
embodiment of an ink jet récording head. Numeral 1
deéignates a pressure chamber which is a portion for
obtaining a pressure used in the ejection of an ink by
means of a PZT element or a heating element. Numeral 3
designates an ink jet nozzle. Numeral 31 designates a ‘
first substrate provided with a pattern groove for.an ink
passage. Numeral 32 designates a second substrate. An
ink passage is formed by laminating both members on top
of the other. Numeral 33 designates a nozzle plate.

Fig. 13 is a typical cross—sectional view showing
the step of a treatment for rendering the surface of a
nozzle water—repellent. Fig. 13 (a) is an enlarged view
of the vicinity of a nozzle in a nozzle plate comprising
nickel not subjected to the treatment. Fig. 13 (b) shows
a state obtained when a high polymer of a
polydiperfluoroalkyl fumarate/polydiisopropyl fumarate (4
: 1) is dissolved in a fluorocarbon solvent, the solution
is spread on the surface of water, the spread film is
compressed to form a Langmuir £ilm and a LB film having a
three—layer structure is formed on the surface of a
nozzle plate and the LB film is heat—treated at 180°C for
one hour. The observation under a microscope has

revealed that the formed thin film was very dense and
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homogeneous. The £ilm had a contact angle of 108° to
water, that is, a high water repellency. Further, it was
confirmed that the inside of the nozzle was subjected to
no treatment.for rendering it water—repellent. Fig. 13
(c) shows a state obtained when the nozzle plate
subjected to the above—described treatment for rendering
the surface of the nozzle water—repellent and a first
substrate comprising a polysulfone resin are washed and.
dried and then bonded to each other with an adhesive.

The ink jet recording head thus produced was mounted
on a recording device, and a setting test was conducted.
As a result, neither omission of dot nor disturbance of
setting occurred. That is, it was confirmed that the
nozzle was successfully rendered water—repellent. Then,
the ink jet recording head was immersed in a dye ink at
70°C for 5 days, and a setting test was conducted in the
same manner as that described above. The setting quality
was the same as the initial property. That is, the

'recording head maintained a sufficient ink repellency. A

rubbing test was conducted through the use of a silicone
rubber while injecting a dye ink. As a result, the
contact angle of the recording head to water was 100° or
more after rubbing the recording head 5000 times. Thus,
an ink jet recording head which gives rise to
substantially no deterioration of the water repellency
and can provide a high setting quality for a long period
of time could be realized.

Example H3

A high polymer of a polydiperfluorocalkyl
fumarate/polyvinyl ester copolymer (9 : 1) was dissolved
in a fluorocarbon solvent, the solution was spread on the
surface of water, and the resultant film was compressed
to form a Langmuir film which was then transferred to the
surface of a nozzle in the same manner as that of Example
Hl. The above step of transfer was repeated four times,
and the transferred LB film was heat—treated at 120°C for

one hour. The observation under a microscope has

REPLACED
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revealed that the formed thin film was very dense and
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homogeneous. The film had a contact angle of 105° to
water, that is, a high water repellency. Further, it was
confirmed that the inside of the nozzle was subjected to
no treatment for rendering it water—repellent.

The ink jet recording head thus produced was mounted
on a recording device, and a setting test was conducted.
As a result, neither omission of dot nor disturbance of
setting occurred. That is, it was confirmed that the
nozzle was successfully rendered water—repellent. Then,
the ink jet recording head was immersed in a pigment ink
at 70°C for 5 days, and a setting test was conducted in
the same manner as that described above. The setting
quality was the same as the initial property. That is,
the recording head maintained a sufficient ink
repellency. A rubbing test was conducted through the use
of a silicone rubber while injecting a pigment ink. As a
result, the contact angle of the recording head to water
was 95° or more after rubbing the recording head 5000
times. Thus, an ink jet recording head which gives rise
to substantially no deterioration of the water repellency
and can provide a high setting quality for a long period
of time could be realized.

Embodiment I

In the process according to the present embodiment,
a coupling compound layer is formed on the surface of a
nozzle prior to the formation of a water—repellent layer
through transfer. A combination of the above—described
transfer method with the formation of a coupling compound
layer makes it possible to form a water—repellent layer
having an excellent adhesion and a large thickness.

Example I1 .

A coupling compound layer was formed on the surface
of an ink jet recording head comprising glass, silicon,
polysulfone or polycarbonate.

V-Aminopropyltriethoxysilane, N—f—aminomethyl—y—
aminopropyltrimethoxysilane, N-phenyl—-y—
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aminopropyltrimethoxysilane, N—ff—aminoethyl—y—
aminopropyltrimethoxysilane or N—R—aminoethyl—y—

62

aminopropylmgthyldimethoxysilane was used as the coupling
compound . A:sblvent capable of dissolving the coupling
compound, for example, methanol, ethanol or water, 1is
used as the solvent. Although the concentration of the
coupling compound can be arbitrarily selected, in the
present example, the surface of a nozzle was immersed in
a 0.2 wt.% solution and drying was conducted at a
temperature capable of evaporating the solvent to form a
coupling layer.

Then, a fluoropolymer layer (a solution of "CYTOP"
(manufactured by Asahi Glass Co., Ltd.) dissolved in a
fluorocarbon organic solvent having a high boiling point
was formed on the surface of a coupling layer by a
transfer method. Specifically, the solution was coated
on an elastic body as a support having a smooth surface
used in the transfer, such as a silicone rubber, a
urethane rubber,_a butyrene rubber, gelatin or a
chloroprene rubber, by spin coating or uniform pull—up
immersion, and a nozzle plate was pressed against the
coated surface while regulating the pressure. |

Thereafter, this head was baked at a temperature not
below the glass transition temperature, for example,
150°C, for the purpose of removing the solvent in the
fluoropolymerllayer and enhancing the fluidity to improve
the coating property. The observation of the surface of
the nozzle under a microscope has revealed that the
formed thin film was very dense and homogeneous. The
film had a contact angle of 110° to water, that is, a
high water repellency.

The ink jet recording head thus produced was mounted
on a recording device, and a setting test was conducted.
As a result, neither omission of dot nor disturbance of
setting occurred. That is, it was confirmed that the
nozzle was successfully rendered water—repellent. Then,

the ink jet recording head was immersed in a dye ink at
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same manner as that described above. The setting quality
was the samg{as the initial property. That is, the
recording heéd maintained a sufficient ink repellency. A
rubbing test was conducted through the use of a silicone
rubber while injecting a dye ink. As a result, the
contact angle of the recording head to water was 100° or

more after rubbing the recording head 5000 times. Thus,

. an ink jet recording head which gives rise to

substantially no deterioration of the water repellency
and can provide a high setting guality for a long period
of time could be realized.

Example I2

An ink jet recording head was produced in the same
manner as that of Example Il, except that the amorphous
fluororesin used in Example Il was changed to "Teflon AF"
(trade name) manufactured by De Pont (E.I.) de Nemours &

" Co. and the tempefature of baking after coating was

changed to 180°C.

Example I3

An ink jet recording head was produced in the same
manner as that of Example Il, except that the amorphous
fluororesin used in Example Il was changed to "Teflon AF"
(trade name) manufactured by De Pont (E.I.) de Nemours &
Co. and the temperature of baking after coating was
changed to 180°C.

Example T4

A head provided with a coupling layer and a water—
repelient layer was produced in the same manner as that
of Example I1l, except that the surface of the nozzle was
previously allowed to stand in oxygen plasma or
ultraviolet irradiation atmosphere.

As with the head produced in Example 1, the head
thus produced had a contact angle of 100° or more to
water after rubbing the head 5000 times. Thus, an ink
jet recording head which gives rise to substantially no

deterioration of the water repellency and can provide a
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high setting quality for a long period of time could be
realized. '

The present invention was described above with
reference tozexamples. Materials used in the ink jet
recording head and structures of the ink jet recording
head and the kind of the fluoropolymer layer formed on
the surface of a nozzle may be varied and are not
particularly limited.

Industrial Applicability

The ink jet recording head of the present invention
can be widely applied as a recording head to be mounted
on an ink jet recording device such as an ink jet

printer.
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1. 2An ink jet recording head for use in an ink jet

recording de&ice, wherein a water—repellent layer
comprising a homogeneous layer of a fluoropolymer is
formed on the surface of a nozzle for jetting an ink.

2. The ink jet recording head according to claim 1,
wherein the water—repellent layer comprises a solvent—
soluble fluoropolymer. -

3. The ink jet recording head according to claim 2,
wherein the solvent—soluble fluoropolymer has a fluorine

‘atom in its substantially all the molecular ends.

4. The ink jet recording head according to claim 1,
wherein the water—repellent layer is formed through a
coupling compound layer.

5. The ink jet recording head according to claim 1,
wherein the water—repellent layer comprises an
alternating copolymer of a fluoroethylene.with a
hydrocarbon ethylene or its analogue or derivative.

6. The ink jet recording head according to claim 1,
wherein the water—repellent layer comprises a LB film of
a fluoropolymer.

7. The ink jet recording head according to claim 1,
wherein the water—repellent layer comprises a fluoro
cyclic polymer.

8. A process for producing an ink jet recording
head for use in an ink jet recording device, comprising
subjecting the surface of a nozzle for jetting an ink of
the ink jet recording head to a treatment for rendering
the surface of the nozzle water—repellent, characterized
in that the process comprises the steps of:

preparing a pbiymer solution of a fluoropolymer
dissolved in a solvent;

coating through dipping said polymer solution on the
whole surface of a nozzle plate provided with an ink jet

hole to form a water—repellent layer comprising a
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fluoropolymer on the whole surface of the nozzle plate;

and

'removing.through grinding the water—repellent layer
on the reverée surface (the opposite side of a side from
which an ink is jetted) of the nozzle plate in the water—
repellent layer formed on each surface of the nozzle
plate.

9. The process according to claim 8, which further
comprises, after forﬁing the water—repellent layer on the
whole surface of the nozzle plate, forming a protective
layer on at least the inside or vicinity of the jet hole
of the nozzle, removing through grinding the water—
repélleht layer on the reverse surface (the opposite side
of a side from which an ink is jetted) of the nozzle
plate in the water—repellent layer formed on each surface
of the nozzle plate and removing said protective layer.

10. A process for producing an.ink jet recording
head for use in an ink jet recording device, comprising
subjecting the surface of a nozzle for jetting an ink of
the ink jet recording head to a treatment for rendering
the surface of the nozzle Water—repellent, characterized
in that the process comprises the steps of:

coating a positive—working resist on at-least the
reverse surface (the opposite side of a side from which
an ink is jetted) of a nozzle plate provided with an ink

jet hole;

irradiating the nozzle plate with an ionizing
radiation from the surface side of the nozzle plate with
the reverse surface side being light—shielded;

developing the irradiated surface and removing the
resist from the surface of the nozzle plate and the
inside of the nozzle hole;

coating through dipping a polymer solution
containing a fluoropolymer dissolved therein on the whole
surface of the nozzle plate to form a water—repellent

layer comprising a fluoropolymer on the whole surface of

the nozzle plate; and

T ORI {7770 sher mas e
*x ¢ L ® s = REPLACED




10

15

20

25

30

35

This Sheet Has Been Replaced

AT

removing the resist layer and the water—repellent
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layer on the reverse surface side of the nozzle plate to
form a waterzrepellent layer on only the surface side of
the nozzle piate and the internal surface of the nozzle
hole.

11. A process for producing an ink jet recording
head for use in an ink jet recording device, comprising
subjecting tﬁe surface of a nozzle for jetting an ink of
the ink jet recording head to a treatment for rendering
the surface of the nozzle water—repellent, characterized
in that the process comprises the steps of:

forming a polymer layer comprising a polymer
solution containing a fluoropolymer dissolved therein on
the surface of a transfer medium; and

transferring the polymer layer formed on the
transfer medium to a predetermined portion of the surface
of the nozzle provided with an ink jet hole.

12. The process according to claim 11, wherein the
transfer of the polymer layer is conducted at least once
by spreading the polymer solution containing a
fluoropolymer dissolved therein on the surface of water,
evaporating a solvent contained in the polymer solution

" and bringing the spread film into contact with the

surface of the nozzle.

13. fhe process according to claim 12, wherein
after the transfer of the polymer layer, the transferred
polymer layer is heat—treated.

14. The process according to claim 11, which
further comprises spreading the polymer solution
containing a fluoropolymer dissolved therein on the
surface of water, evaporating the solvent, moving a
barrier to form a Langmuir film from the resultant spread
film and bringing the resultant Langmuir f£ilm into
contact with the surfacé of the nozzle to form a LB film
comprising at least one layer of a fluoropolymer on the
surface of the nozzle.
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15. The process according to claim 11, wherein
prior to the transfer of the polymer layer, a coupling
layer is foqmgd on the surface of the nozzle.

16. Thé process according to claim 11, wherein the
surface of the transfer medium is smooth. .

17. The process according to claim 11, wherein the
coupling compound layer is formed by immersing a nozzle
in -a coupling solution comprising a coupling compound and
a solvent.

18. The process according to claim 11, wherein
after exbosure of the nozzle to an ozone atmosphere, the
coupling layer is formed and the water—repellent layer is
then formed.

19. The process according to claim 11, wherein
after exposure of the nozzle to an ozone atmosphere, the

water—repellent layer is formed through transfer.
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