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HYDROPHILIC INK PASSAGE

.BACKGROUND QOF THEE INVENTION
Technical Field

The present invention relates to an ink passage
having a hydrophilic surface, for example, an ink Jjet
recording head wherein the portion which contacts with an
ink is hydrophilic. |
Background Art

In an ink jet recording method, bubbles formed
within an ink passage is causative of troubles such as
omission of dots or disturbance of printing. Therefore,
the filling of an ink should be conducted in such a
manner that no bubble forms within the ink passage. It
is-preferred for bubbles which once formed to be rapidly
removed through a discharge operation.

In many cases, however, it is difficult to discharge
bubbles formed within the passage. This is considered
attributable to a poor wettability of the surface of the
ink passage with a water-based ink due to a high water
repellency of the surface of the ink passage which
contacts with an ink. In particular, when a resin which
can advantageously lower the production cost by virtue of
its easiness of processing and fabrication in comparison
with glass and metals is used as an ink passage material
including a recording head, the water repellency of the

resin is so high that the formed bubbles are hardly
discharged.

For this reason, several proposals have been made on
a method of enhancing the hydrophilicity of the internal
surface of the ink passage. For example, there is a
method wherein a polar group is formed on the surface of
a resin constituting an ink passage by an acid treatment,
a plasma treatment, etc. to impart a hydrophilicity to
the surface of the resin (Japanese Patent Laid-Open
Publication No. 24957/1985). This method, however, had a
problem that the formed polar group is poor in the
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nature is lost Therefore, when a recording head is

5 produced, stored or transported, it is necessary to fill
a liquid, e.g. an ink, for maintaining the polar group.
The filling operation of the ink or other liquid during
the storage or transportation 1is troublesome. In
addition to the above methods, a method wherein a dye is

10 previously brought into contact with the ink passage with
heating to make the surface of the passage compatible
with the ink is known in the art (Japanese Patent
Publication No. 54784/1990). However, this method as
well has a problem of the persistence of the effect.

15 Further, in some cases, the heating unfaverably gives
rise to an enhancement in the water repellency of the
resin. _

SUMMARY OF THE INVENTION
Accordingly, an object of the present invention is
20 to provide an ink passage having a hydrophilic surface.
Another object of the present invention 1is to
provide an ink passage wherein formed bubbles can be
rapidly removed.
A further object of the present invention is to

25 provide an ink passage, especially an ink jet recording
head, which can maintain a good hydrophilicity even when
the inside of the head is emptied in a period between the
production and the use of the head or during interruption
of the use.

30 The ink passage according to the present invention
comprises a passage having a surface which has a film
comprising a fine particle of an inorganic oxide having a
hydrophilic group.

The process for producing - an ink passage according

35 to the present invention comprises coating a sol
containing a fine particle of an inorganic oxide on a
base material and drying the coating.



and netals is used as an ink pagsage material including a

: Replacepiat er repel |l ency of th8 resin is so high that the
¢ ” e scarely discharged. For this reason, severa
! SHEID n made for a nethod of enhancing the hydrophilicity of
the internal surface of the ink passage. For exanple, there is a nethod

wherein a polar group is fornmed on the surface of a resin constituting an
i Nk passage by an acid trecBRIERtDESCRIPBIONt OEafHENDRARINGSt 0 i npart a

PUDI | oat i on Ny, 2490 165575 i SHRAEE KORRVEE, Ahct & prbI ARCOREL he
formed polar dreas; i s poor in
Fig. 2 is an enlarged cross section taken on line A-
5 A' of Fig. 1; and
Fig. 3 is an enlarged view of the vicinity of a
passage of an ink jet recording head according to the
present invention.

DETAILED DESCRIPTION OF THE INVENTION
10 Ink Passage

The term "ink passage" used herein is intended to
mean a portion which comes into contact with an ink. For
example, in the ink jet recording method, the ink passage
refers to all the portions which contact with an ink in a

15 path from a member for storing an ink through an ink feed
system to a recording head. Therefore, in this
specification, the recording head as well is referred to
as "ink passage”.

The ink passage according to the present invention

20 has on its surface a film comprising a fine particle of
an inorganic oxide. The term "fine particle of an
inorganic oxide" used herein is intended to mean a fine
particle of an inotganic element having on its surface a
hydrophilic group such as a hydroxyl group, a carboxyl

25 group or a sulfonyi group.

This £ilm comprising a fine particle of an inorganic
oxide exhibits a wvery high hydrophilicity by wvirtue of
the presence of the hydrophilic group on the surface of
the fine particle of an inorganic oxide. This enables a

30 high hydrophilicity to be imparted to the surface of the
ink passage through the formation of this film on the
surface of the ink passage. When the surface of the ink
passage has a high hydrophilicity, bubbles formed within

the ink passage are rapidly discharged without staying
35 within the passage.
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present invention has a high hydrophilicity and a contact
angle of about 0 to 40°, preferably 0 to 30°.

The hydrophilic group on the surface of the fine
particle of an inorganic oxide does not easily fall off
and has an excellent persistence. For example, in a
recording head subjected to a treatment for imparting a
hydrophilic nature by the conventional method, it was
necessary to fill the inside of the head with an ink or
other 1liquid after the production of the head for
allowing the hydrophilicity to persist until the
recording head was used. By contrast, the recording head
according to the present invention advantageously needs
no filling material for maintaining the hydrophilicity.
Further, the ink passage according +to the present
invention can maintain the hydrophilicity even when the
ink is withdrawn and the recording head is exposed to the
air for a long period of time. This as well is an
advantage of the present invention unattainable by the
conventional treatment method for imparting a hydrophilic
nature.

Preferred examples of the fine particle of an
inorganic oxide include a fine particle composed mainly
of an oxide of one or two or more elements selected from
aluminum, zirconium, silicon, titanium, tin, indium,

a
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zinc, lead, germanium, hafnium, chromium, copper, iron,

cobalt, nickel, manganese, vanadium, niobium, tantalum
and molybdenum. The term "oxide of two or more elements"
used herein is intended to include a mixture of oxides of
a plurality of single inorganic elements (for example, an
amorphous substance such as glass) and further an oxide
wherein two or more elements selected from the above
inorganic elements are stoichiometrically bonded to
oxygen. It is also possible to add sodium and boron as a
further component to these oxides.
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mai ntain asgoed hydegehiindrdahitvesx18es tihrluew dsi0f-1h6,-based glass
compositions known as a =zirconia glass (for example,
8§10,-2r0,, Si0,-Zr0,-Al,0; and 510,~2r0,-Na,0), BaTiO,,
MgAl,0,, ferrites (for example, Mn-ferrite, Co-ferrite
and Mg-ferrite). 1In particular, since the zirconia glass
10 has an alkaline resistance, the use of the zirconia glass
is advantageous when the water-based ink is alkaline.

Although there is no particular limitation on the
size of the fine particle of the inorganic oxide, .the
mean particle diameter is preferably 50 A to 10 .um,

15 still preferably 100 A to 0.1 um. When the mean
particle diameter exceeds 10 um, there is a possibility
that the homogeneity of the sol is spoiled. Further, the
film forming property as well is unfavorably poor. The
particle shape as well is not particularly limited, and

20 use may be made of particles having wvarious shapes such
as sphere and rod.

Although the thickness of the film comprising a fine
particle of an inorganic oxide can be properly determined
by taking the degree of hydrophilicity, the necessary

25 durability, etc. into consideration, it is preferably 50
A to 10 pm, still preferably about 800 A to 1 um. The
"hydrophilic effect can be attained even when the £ilm
thickness exceeds the above range. In this case,
however, the dimensional accuracy deteriorates and this

30 is unfavorably causative of clogging.

The film comprising the £fine particle of an
inorganic oxide can be formed on various base materials
for an ink passage. Preferred examples of the base
material include glass, silicon, resins (for example,

35 polysulfone, polycarbonate, polyethersulfone,
photosensitive acrylic resin, amorphous polyolefin,
polystyrene, epoxy resin, phenolic resin and acetal
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passage, sai dgPIpE8RSnlerRdehatacheahndcdetninne dtipoutad Ysh®at ifgoa sol
compri sing Ta-Al, Ta-N, etc.). Further, the base material may
5§ comprise a composite material.  For example, an ink
passage comprising a base material comprised of a
substrate and a resin layer provided thereon (Japanese
Patent Publication No. 59873/1987) and, formed on the
substrate and the resin layer, a film comprising the
10 above fine particle of an inorganic oxide is embraced in
the present invention.

heérd"ST anmuaedn Replace@er i od bet ween t he productlon and the use of the head

In the €£ilm comprising a fine particle of an
inorganic oxide, it is estimated that fine particles
themselves or the fine particle and the surface of the

15 base material are bonded to each other by van der Waals
force, Coulomb's force and, in some cases, a hydrogen
bond through a bond of hydrophilic groups present on each
surface. When the base material is a resin, the film may
be physically bonded to the base material by partial

20 fusing.

Further, in order to make these bonds more firm, it
is preferred to conduct the bonding through a coupling
agent. TFor example, it is possible to utilize a silyl
compound having, for example, an amino group, an alkoxy

25 group, a hydroxyl group, an epoxy group, a vinyl group, a
carbonyl group, a sulfonyl group or other group. In
particular, the use of an aminosilane as the coupling
agent is preferred because the bonding between the fine
particles themselves and the bonding between the fine

30 particles and the surface of the base material are both
reinforced. |

The recording head (as described above, the
recording head as well is part of the ink passage)
according to the present invention will now be described

35 with reference to the accompanying drawings. Fig. 1 is a
schematic view of an ink jet recording head. In the
drawing, numeral 1 indicates a pressure chamber for
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obtaining a pressure used in the ejection of an ink by
means of a PZT element or a heating element. The
pressurized ink is passed through a path 2 and jetted
through an ink jet nozzle 3. Fig. 2 is an enlarged cross
5 section taken on line A-A' of Fig. 1. The recording head
is formed by laminating a £first substrate 4 having a
pattern groove for passing of an ink and a second
substrate having no groove. Fig. 3 is an enlarged view
of a portion corresponding to line A-A' of Fig. 1. A
10 £film 31 comprising a fine particle of an inorganic oxide
is formed on the whole internal surface of the ink path
2. Further, a film comprising a fine particle of an
inorganic oxide is provided also on the internal surface
of the pressure chamber 1. This imparts a hydrophilic
15 nature to a recording head at the whole ink passage which
contacts with an ink, and when bubbles are formed, they
are rapidly discharged. Numeral 32 designates an area of
bond between the first substrate and the second
substrate. _
20 Production of Film Comprising Fine Particle of Inorganic
Oxide

The ink passage according to the present invention
can be produced by dispersing a fine particle of an
inorganic oxide in a suitable solvent to give a sol,

25 coating the sol on the surface of the ink passage and
drying the coating.

The sol containing a fine particle of an inorganic
oxide dispersed therein may be a commercially available
one. Examples of the sol include those commercially

30 available from Nissan Chemical Industries, Ltd. such as
Snowtex (trade name) 20, 30, 40, C, N, O, S, 20L and 0L
(which are each a silica sol), alumina so0l-100, 200 and
520 (which are each an alumina sol) and zirconia sol NZS-
20A, 30A and 30B (which are each a zirconia sol).

35 It is also possible to utilize a fine particle of an
inorganic oxide produced by methods described in known
documents. With respect to the known methods, reference
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BRI CF THE DRAW NGS Fig.81 Is a schematic view of an ink
Jet Fig. 2 is an enlarged cross section taken on line
and

may be made to Werner Stober et al., Journal of Colloid
and Interface Science 26, 62-69 (1968) for S5i0,; Yoldas,
Ceramic Bulletin 54, 289-290 (1957) for Al,0,; Hagiwara
et al., Proceeding of Annual Meeting (1991) of The
5 Ceramic Society of Japan, 2E02, 313 (1991) for Al,04~
ZrO,~based oxide and Al,0;-5i0,-based oxide; Ikemoto et
al., Journal of The Ceramic Society of Japan, 93, 261-266
(1985) and E.A. Barringer et al., J. Am. Chem. Soc., 65,
C195-201 (1982) for TiO,, etc. The contents of these
10 documents are herein incorporated by reference.

The synthesized fine particle of an inorganic oxide
is dispersed in a suitable solvent to prepare a sol. The
solvent as a dispersing medium may be selected from a
wide variety of organic solvents which have a high

15 wettability with the material constituting the surface of
the ink passage and do not erode the base material.
Preferred examples of the dispersing medium include
monohydric alcohols such as methanol, ethanol, propanol;
butanocl and ethoxyethanol, polyhydric alcohols such as

20 ethylene glycol and glycerin, amines such as
triethylamine and pyridine, carboxylic acids such as
formic acid, acetic acid and oxalic acid, acetonitrile
and mixed solvents comprising mixtures of the above
dispersing media, and mixed solvents comprising a mixture

25 of the above dispersing media with water or other organic
solvents. When the base material is a resin, lower
alcohols are particularly preferred.

In some cases, the commercially available sol may be
further diluted with a suitable solvent prior to use.

30 The above solvents may be preferably used as a solvent in
this case as- well.

The amount of the fine particle of an inorganic
oxide in the sol is preferably about 0.01 to 10% by
weight, still preferably about 0.05 to 2% by weight.

35 When the amount is less than 0.0l% by weight, there is a
possibilitylthat no homogeneous coating can be attained.
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surface a film congmni stig solfi rie: pﬁstambes pssdbld n@dsgaddca oxuileable The
term “fine RE ydﬂ oﬁgongnt for the purpose of improving and
5 stabilizing the dispersion of the fine particle of an
inorganic oxide or to impart an electric charge to the
surface of the £fine particle. For 'example, it is
preferred to add a surfactant in an amount of about 0.001
to 1% by weight.

10 When a coupling agent is added to a sol for the
purpose of strengthening the bond between the fine
particle of an inorganic oxide and the base material, the
amount of addition is preferably about 0.001 to 1% by
weight. When the amount of addition is less than 0.001%

15 by wéight, no effect of addition of the coupling agent is
attained. On the other hand, when the amount of addition
exceeds 1% by weight, there is a possibility that the

 stability of the sol per se is spoiled.

The sol thus prepared is applied to an ink passage.

20 There 1is no particular limitation on the method of
applying the sol to the ink passage so far as a layer of
the sol can be evenly formed on the surface of the ink
passage. However, the application of the sol by coating,
dipping, spin coating, etc. is preferred. Further, the

25 coating may be conducted by assembling a recording head
as shown in Fig. 1, injecting a sol into the ink passage
while applying suction by means of a pump or the like and
removing excess sol through empty suction.

The thickness of the sol layer may be determined by

30 taking the thickness of the film of a fine particle of an
inorganic oxide into consideration.

After the sol is applied to the surface of the ink
passage, the sol is dried. The drying may be conducted
at a temperature or above capable of evaporating the

35 dispersing medium. For example, a film comprising a fine
particle of an inorganic oxide having a strength
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"invention, the drying is conducted by heating to a
5 temperature necessary for removing water physically
adsorbed between fine particles of an inorganic oxide
(hereinafter referred to as "temperature necessary for
removing physically adsorbed water"). In the heating to
at least a temperature necessary for removing physically
10 adsorbed water, a chemical bond by means of a
" dehydrocondensation or a hydrogen bond in which no
adsorbed water participates is formed, etc. are formed
between the fine particles themselves and between -the
base material and the fine particles, which contributes
15 to an improvement in the strength of the f£ilm comprising
the fine particle of an inorganic oxide. The temperature
for removing physically adsorbed water of the fine
particle of an inorganic oxide can be determined, for
example, from an endothermic peak obtained by a
20 differential thermal analysis. This temperaturé varies
depending upon the size of the fine particles. The
smaller the particle diameter, the smaller the diameter
of the pore between fine particles and consequently the
higher the temperature for removing physically adsorbed
25 water. Further, with respect to the fine particle shape,
there is a tendency that the temperature for removing
physically adsorbed water in the case of the spherical
shape is higher than that in the case of a feathery or
fibrous shape. The temperature for removing physically
30 adsorbed water of the fine particle of an inorganic oxide
utilized in the present invention is generally considered
to be about 110 to 200°C.
According to another preferred embodiment of the
present invention, the drying is conducted by heating to
35 a heat deformation temperature of the base material.
When the base material comprises a resin or comprises a
composite structure having a surface comprised of a
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has a high hydrophilicity and a contact anple of about 0
preferably O to 30[err]. The hydrophilic group on th he
fine particle of an inorganic oxide does not easily fall as an

excel | ent persi stence. For exanple, in a recording head subjected to a
treatnent for inparting a

resin, the drying is conducted by heating to a
temperature in the range of from 50°C to the heat
deformation temperature of the resin. When the resin
wherein a film comprising a fine particle of an inorganic
5 oxide is deposited on the surface thereof is heated, the
film 1is £fixed through fusiocn or the 1like, which
contributes to an increase in the strength of bond of the
film to the surface of the resin. The bonding strength
can be improved by increasing the heating temperature.
10 However, it 1is preferred to avoid heating to a
temperature above the heat deformation temperature of the
resin from the viewpoint of the accuracy of the form.
Although there is no strict physical definition on the
heat deformation temperature of the resin, in many cases,
15 the heat deformation temperature generally refers to a
temperature at which the resin is deformed under a load
of 18.5 kg/cm?. In the present specification as well,
the term "heat deformation temperature" is intended to
mean the temperature defined under this condition.
20 Similarly, when the base material comprises glass or
comprises a composite structure having a surface
comprised of a resin, it is preferred to conduct the
drying through heating to a temperature up to the glass
transition point of the glass.
25 The presentiinvention will now be described in more
detail with reference to the following Examples.
Example Al ' '
(1) Preparation of Sol

A silica sol comprising a fine particle of silicon

30 dioxide having a mean particle diameter of 0.02 um
dispersed in a solvent composed mainly of ethanol to a
concentration of 0.1% by weight was prepared as follows.

A fine particle of silicon dioxide wasl prepared by
stirring ethyl silicate in the presence of a basic

35 catalyst (ammonia) in a mixed solvent comprising ethanol
and water and allowing the mixture to stand for several
days. The reaction mixture containing the fine particle
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5 (2) Production of Recording Head and its Evaluation

A first substrate and a second substrate each
comprising a peclysulfone resin were washed and dried, and
these substrates comprising a polyéulfone resin were
joined to each other through a solvent cement, and the

10 resultant laminate was heated at 80°C for bonding.

The above-described silica sol was injected by means
of a pump into the recording head while applying suction.
Thereafter, excess sol was removed by empty suction to
coat the sol on the surface of the polysulfone resin.

15 The recording head was dried at 80°C, and the nozzle
portion of the tip of the head was cut. 1In the recording
head thus prepared, an about 0.2 um-thick £film
comprising a fine particle of silicon dioxide was formed
on the whole surface of the passage which comes into

20 contact with an ink. The vicinity of the passage of the
cross section in this recording head was as shown in Fig.
3. In Fig. 3, numeral 31 designates a film of silicon
dioxide and numeral 32 a bond area of a solvent cement.

This recdrding head was mounted on an ink Jet

25 recording device, and a printing test was conducted. As
a result, neither omission of dot nor disturbance of
printing occurred, and an excellent hydrophilic effect
was confirmed within the head. The ink was withdrawn
from the ink jet recording head, the recording head was

30 allowed to stand at 70°C for 5 days, and a bubble
discharge test was conducted. Specifically,. an ink was
sucked at a suction rate of 0.1 ml/sec for a given periocd
of time, and printing was then conducted to determine a
time taken for the bubbles remaining within the passage

35 to be completely discharged and troubles such as omission
of dot and disturbance of printing to be eliminated. As
a result, these troubles could be completely eliminated
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without deterioration and the bubbles formed within the

ink passage could be easily removed by a simple discharge
5 operation.

Example A2

(1) Preparation of Sol

An alumina sol comprising a fine particle of alumina
having a mean particle diameter of 0.05 um dispersed in
10 a solvent composed mainly of propanol to a concentration
of 0.2% by weight was prepared as follows. The £ine
particle of alumina was prepared by heating aluminum
tripropoxide in water to 75°C, stirring the mixture,
adding hydrochloric acid to the mixture and a2llowing the
15 mixture to stand at 80°C for several days. The reaction
mixture containing the fine particle of alumina was
concentrated, and propanol was added thereto to give a
sol comprising a fine particle dispersed in a mixed
solvent comprising 90% by weight of propanol and 10% by
20 weight of water.
(2) Production of Recording Head and its Evaluation
A first substrate and a second substrate each
comprising a polycarbonate resin were washed and dried,
and the portions to be jointed was masked by taping,
25 resist or the like. The above-described alumina sol was
coated on the surface of the polycarbonate resin by
dipping or spin coating. The_coating was dried at 100°C,
and the mask was removed. These substrates comprising a
polycarbonate resin were joined to each other through a
30 solvent cement, and the resultant laminate was heated at
80°C for bonding. Thereafter, the nozzle portion of the
tip of the head was cut. In the recording head thus
prepared, an about 0.5 gm-thick film comprising a fine
particle of alumina was formed on the whole surface of
35 the passage which comes into contact with an ink.
This recording head was mounted on an ink jet
recording device, and a printing test was conducted. As
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from the ink jet recording head, the recording head was
5 allowed to stand at 70°C for S5 days, and a bubble
discharge test was conducted in the same manner as that
of Example Al, As a result, it was confirmed that as
with Example Al, the troubles could be completely
eliminated in a suction time of 1 to 5 sec.
10 Example A3
(1) Preparation of Sol

A titania sol comprising a fine particle of titanium
oxide having a mean particle diameter of 0.3 um
dispersed in a solvent composed mainly of ethanol to a

15 concentration of 2% by weight was prepared as follows.
The fine particle of titanium oxide was prepared by
stirring titanium tetraethoxide in a mixed solvent
comprising ethanol and water to conduct hydrolysis. The
reaction mixture containing the fine particle of titanium

20 oxide was concentrated, and ethanol and 2-ethoxyethanol
were added thereto to give a sol comprising a £fine
particle dispersed in a mixed solvent comprising 60% by
weight of ethanol, 35% by weight of 2-ethoxyethanol and
5% by weight of water.

25 (2) Produétion of Recording Head and its Evaluation

A first substrate and a second substrate each
comprising a polyethersulfone resin were washed, dried
and jointed to each other through an epoxy adhesive, and
the laminate was heated at 80°C for bonding.

30 The above-described titania so0l was injected by
means of a pump into the recording head while applying
suction. Thereafter, excess sol was removed by empty
suction to apply the sol to the surface of the
polyethersulfone resin. The recording head was dried at

35 80°C, and the nozzle portion of the tip of the head was
cut. In the recording head thus prepared, an about 3
pm—thick film comprising a fine particle of titanium
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printing occurred, and an excellent hydrophilic effect
was confirmed within the head. The ink was withdrawn
from the ink jet recording head, the recording head was
allowed to stand at 70°C for 5 days, and a bubble
10 discharge test was conducted in the same manner as that
of Example Al. As a- result, it was confirmed that as
with Example Al, the troubles could be completely
eliminated in a suction time of 1 to 5 sec.
Example Bl
15 (1) Preparation of Sol
A sol comprising a fine particle of 8Si0,-Z2r0,-Al,0;
($i0,:2r0,:A1,0, = 70:20:10, weight ratio) having a mean
particle diameter of 0.05 um dispersed in a solvent
composed mainly of acetonitrile to a concentration of
20 0.l1% by weight was prepared as follows. The composite
fine particle of silica-zirconia-alumina was prepared by
refluxing ethyl silicate, =zirconium tetrabutoxide and
aluminum tributoxide in octanol, adding acetonitrile and
water thereto and stirring the mixture to conduct
25 hydrolysis. Then, the reaction mixture containing the
above fine particle was concentrated, and acetonitrile
was added thereto to give a sol comprising a €£ine
particle dispersed in a mixed solvent comprising 70% by
weight of acetonitrile, 20% by weight of octanol and 10%
30 by weight of other solvent.
(2) Production of Recording Head and its Evaluation
A recording head wherein a film comprising a €fine
particle of Si0,~2r0,~Al,0; was formed on the whole
surface of the passage which comes into contact with an

35 ink was prepared in the same manner as that of Example
A2.
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printing performance as that in Example A2, and bubbles
formed within the ink passage could be easily removed.
Further, no hydrophilic effect was lost even when the ink

5 was heated to 70°C and circulated through the recording
head for two weeks.

=P

Example B2

(1) Preparation of Sol
A sol comprising a fine particle of Si0,-Zr0,-Na,0
10 (Si0,:2r0,:Na,0 = 70:25:5, weight ratio) having a mean
particle diameter of 0.02 um dispersed in a solvent
composed mainly of methanol to a concentration of 2% by
weight was prepared as follows. The composite £fine
particle dispersed in this sol was prepared by refluxing
15 methyl silicate, =zirconium tetramethoxide and sodium
methoxide in methanol, adding acetonitrile and water and
stirring the mixture to conduct hydrolysis. Then, the
reaction mixture containing the above fine particle was
concentrated, and ethanol was added thereto to give a sol
20 comprising a fine particle dispersed in a mixed solvent
comprising 90% by weight of ethanol, 9% by weight of
acetonitrile and 1% by weight of water.
(2) Production of Recording Head and its Evaluation
A recording head wherein a film comprising a fine
25 particle of Si0,-2r0,-Na,0 was formed on the whole
surface of the passage which comes into contact with an
ink was prepared in the same manner as that of Example
Al.
The recording head thus prepared had the same
30 printing performance as that in Example Al, and bubbles
formed within the ink passage could be easily removed.
Further, no hydrophilic effect was lost even when the ink
was heated to 70°C and circulated through the recording
head for two weeks.
35 Example B3
(1Y Preparation of Sol
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and, forned on the ubstgate and. the resin éﬁﬂﬂCQﬂgflSlng t he
above fine particlée n FHEPLARTRI ox?’drec?% ‘é‘ﬁbr%ﬁ'c r Serftean
I nventi on. particle diameter of 0.02 um dispersed in a solvent
' composed mainly of ethanol to a concentration of 0.5% by

weight was prepared as follows. The fine particle of

5 zirconium oxide was prepared by dissolving zirconium
tetrabutoxide in butanol, adding acetonitrile, a
cellulose surfactant and water and stirring the mixture
to conduct hydrolysis. The reaction mixture containing
the fine particle of titanium oxide was concentrated, and

10 ethanol was added thereto to give a sol comprising a fine
particle dispersed in a mixed solvent comprising 85% by
weight of ethanol, 3% by weight of butanol and 1% by
weight of each of acetonitrile and water.

(2) Production of Recording Head and its Evaluation

15 A first substrate and a second substrate each
comprising a polyethersulfone resin were washed, dried
and jointed to each other through an epoxy adhesive, and
the laminate was heated at 80°C for bonding.

The above-described sol was injected by means of a

20 pump into the recording head while applying suction.
Thereafter, excess sol was removed by empty suction to
apply the sol to the surface of the polyethersulfone
resin, The recording head was dried at 80°C, and the
nozzle portion of the tip of the head was cut. In the

25 recording head thus prepared, an about 400 A-thick film
comprising a fine particle of zirconium oxide was formed
on the whole surface of .the passage which comes into
contact with an ink.

This recording head was mounted on an ink jet

30 recording device, and a printing test was conducted in
the same manner as that of Example Al. The results were
substantially the same as those of Example Al. Further,
no hydrophilic effect was lost even when the ink was

heated to 70°C and circulated through the recording head
35 for two weeks.

Example Cl

(1) Preparation of Sol
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(2) Evaluation of Bonding Strength
The silica sol prepared in the above item (1) was
coated on a flat plate of a polysulfone resin (heat
deformation temperature: 175°C), and the coating was
10 heated and dried at temperatures specified in Table 1 for
one hour. The resin plate thus prepared was subjected to
measurement of an initial contact angle of water and a
contact angle of water after rubbing the resin plate 100
times with a silicone rubber in an ink or a pure water.
15 The results were as shown in Table 1.

Table 1
Treatment temp. 1301140{150{160(170 180
Initial contact angle| 10 {10 |10 ] 10 | 15 [heat
deformation
20
Contact angle after 75 {5040 20 { 15 -
rubbing in ink
Contact angle after 40 {30120} 10 |15 -
rubbing in pure water
25

From the results, it is apparent that the treatment
at a temperature of about 160 to 170°C can provide a
satisfactory film bonding strength.
As is apparent from the results of Example Al, the
30 film subjected to a treatment at a temperature of 80°C
had a strength satisfactory for practical use. It is
surprising that the £film strength can be improved by a
treatment at a temperature of about 160 to 170°C.
(3) Evaluation of Performance of Recording Head
35 A first substrate and a second substrate each
comprising a polysulfone resin were washed and dried, and
these substrates comprising a polysulfone resin were
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resultant laminate was heated at 80°C for bonding.

Thereafter, the nozzle portion of the tip of the head was
cut.

ri bed

The above-described silica sol was injected by means
of a pump into the recording head while applying suction
to coat the sol on the surface of the polysulfone resin.
The recording head was dried at 80°C and then heat-
treated at 160°C for one hour. In the recording head
thus prepared, an about 860 A-thick film comprising a
fine particle of silicon oxide was formed on the whole
surface of the passage which comes into contact with an
ink.

10

This recording head was mounted on an ink Jet
recording device, and a printing test was conducted. As
a result, neither omission of dot nor disturbance of
printing occurred, and an excellent hydrophilic effect
was confirmed within the head. The ink was withdrawn
from the ink jet recording head, the recording head was
20 allowed to stand at 70°C for 5 days, and a bubble

discharge test was conducted. Specifically, an ink was
sucked at a suction rate of 0.1 ml/sec for a given period
of time, and printing was then conducted to determine a
time taken for the bubbles remaining within the passage

15

25 to be completely discharged and troubles such as omission
of dot and disturbance of printing to be eliminated. As
a result, theee troubles could be completely eliminated
in a suction time of 1 to 5 sec. Thus, it was confirmed
that the hydrophilic effect was maintained without

30 geterioration and the bubbles formed within the ink
passage could be easily removed by a simple discharge
operation.
Example C2
(1) Preparation of Sol

35

An alumina sol eompris;ng a fine particle of alumina
having a mean particle diameter of 0.02 gm (Alumina Sol
520 manufactured by Nissan Chemical Industries, Ltd.) was
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(2) Evaluation of Bonding Strength

The alumina sol prepared in the above item (1) was
5 coated on a flat plate of a polycarbonate resin (heat
deformation temperature: 135°C), and the coating was
heated and dried at temperatures specified in Table 1 for
one hour. The resin plate thus prepared was subjected to
measurement of an initial contact angle of water and a
10 contact angle of water after rubbing the resin plate 100
times with a silicone rubber in an ink or a pure water.

The results were as shown in Table 2.

Table 2

Treatment temp. 90 {100(110120{130 140

15
Initial contact angle|{ 10 {15 | 15| 20 | 20 |heat

deformation

Contact angle after 40 | 30| 25{ 20| 20 -
rubbing in ink

20 Contact angle after 75 {75140 |30 20 -
rubbing in pure water

From the results, it is apparent that the treatment

at a temperature of about 120 to 130°C can provide a
25 satisfactory f£ilm bonding strength.

As is apparent from the results of Example A2, the
film subjected to a treatment at a temperature of 80°C
had a strehgth satisfactory for practical use.” It is
surprising that the film strength can be improved by a

30 treatment at a temperature of about 120 to 130°C.
(3) Evaluation of Performance of Recording Head

A first substrate and a second substrate each
comprising a polysulfone resin were washed and dried, and
the portions to be bonded were masked by taping, resist

35 or the like. The above-described sol was coated on the
surface of the polycarbonate resin by dipping or spin
coating. ' The coating was maintained at 125°C for one
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nozzle portion of the tip of the head was cut. In the

5 recording head thus prepared, an about 0.4 um-thick £ilm

comprising a fine particle of alumina was formed on the

whole surface of the passage which comes into contact
with an ink.

This recording head was mounted on an ink jet
10 recording device, and a printing test was conducted. As
a result, neither omission of dot nor disturbance of
printing occurred, and an excellent hydrophilic effect
was confirmed within the head. Printing was continuously
conducted at room temperature for 1000 hr. ©No printing
15 failure was observed, and a good long-term reliability
could be attained. The ink was withdrawn from the ink
jet recording head, the recording head was allowed to
stand at 70°C for 5 days, and a bubble discharge test was
conducted. Specifically, an ink was sucked at a suction
20 rate of 0.1 ﬁl/sec for a given period of time, and
printing was then conducted to determine a time taken for
the bubbles remaining within the passage to be completely
discharged and troubles such as omission of dot and
disturbance of printing to be eliminated. As a result,
25 these troubles could be completely eliminated in a
suction time of 1 to 5 sec. Specifically, it was
confirmed that the hydrophilic effect was maintained
without deterioration and the bubbles formed within the
ink passage could be easily removed by a simple discharge
30 operation.
Example C3
(1) Preparation of Sol

A zirconia sol comprising zirconium oxide having a
mean particle diameter of 0.07.- um (Zirconia Sol NZA-20A
35 manufactured by Nissan Chemical Industries, Ltd.) was
diluted with methanol to a concentration of 1% by weight
to give a dilute sol.
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Wth respect to the known net hods
The sol prepared in the above item (1) was coated on

a flat plate of a polyethersulfone resin (heat

deformation temperature: 203°C), and the coating was
5 heated and dried at temperatures specified in Table 1 for

one hour. The resin plate thus prepared was subjected to

measurement of an initial contact angle of water and a

contact angle of water after rubbing the resin plate 100

times with a silicone rubber in an ink or a pure water.
10 The results were as shown in Table 3.

Table 2
Treatment temp. 160{170(180{190200 210
Initial contact anglel| 20 {25 | 25| 30 | 30 {heat
deformation
15
Contact angle after 40 | 35| 25|30 | 30 -
rubbing in ink
Contact angle after 40 {35130} 30} 30 -
rubbing in pure water
20

From the results, it is apparent that the treatment
at a temperature of about 170 to 200°C can provide a
satisfactory film bonding strength.
As is apparent from the results of Example B3, the
25 film subjected to a treatment at a temperature of 80°C
had a strength satisfactory for practical use. It is
sgrpfising that the film strength can be improved by a
treatment at a temperature of about 170 to 200°C.
(3) Evaluation of Performance of Recording Head
30 A first substrate and a second substrate each
comprising a polyethersulfone resin were washed and dried
and then jointed to each other through an epoxy adhesive,
and the laminate was heated at 80°C for bonding.
The above-~described so0l was injected by means of a
35 pump into the recording head while applying suction to
coat the sol on the surface of the polyethersulfone
resin. The recording head was dried at 80°C and further.
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portion of the tip of the head was cut. 1In the recording
head thus prepared, an about 0.2 um-thick £ilm
comprising a fine particle of zirconium dioxide was

5 formed on the whole surface of the passage which comes
into contact with an ink.

This recording head was mounted on an ink jet
recording device, and a printing test was conducted in
the same manner as that of Examples Cl1 and C2. the

10 results were substantially the same as those of Examples
Cl1 and C2.
Example D1
(1) Preparation of Sol

A silica sol comprising a fine particle of silicon
15 dioxide having a mean particle diameter of 0.01 um
dispersed in a solvent composed mainly of methanol to a
concentration of 1% by weight was prepared in
substantially the same manner as that of Example Al.
The temperature for removing physically adsorbed
20 water in this silica sol was 150°C as measured by a
differential thermal analysis.
(2) Evaluation of Bonding Strength
The sol prepared in the above item (1) was coated on
a flat plate of a polysulfone resin, and the coated resin
25 was heat-treated under conditions of temperatures and
times specified in Table 4. Thus, a 1000 A-thick silicon
dioxide film was formed on the resin plate, and the
contact angle of the £ilm was 10°. The film strength was
evaluated by a water flow test wherein the £ilm is washed
30 with water running at a rate of 10 m/sec for 10 min, and
a tape peeling test wherein whether or not the film is
peeled off by means of a tape (Scotch Tape (trade name)
manufactured by Sumitomo 3M) is observed. The results
are given in Table 4.
35
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From the results, it is apparent that the treatment
temperature of about 150 to 160°C can provide a
satisfactory £ilm bonding strength.

As is apparent from the results of Example Al, the
film subjected to a treatment at a temperature of 80°C
had a strength satisfactory for practical use. It is
surprising that the film strength can be improved by a
treatment at a temperature of about 150 to 160°C.
(3) Evaluation of Performance of Recording Head

A first substrate second substrate
comprising a polysulfone resin were washed and dried, and
these

15 at a

20

and a each

resin were
and the
bonding.

substrates comprising a polysulfone
joined to each other through a solvent cement,
heated at 80°C for
Thereafter, the nozzle portion of the tip of the head was
cut.

25

resultant laminate was

The above-described silica sol was injected by means
of a pump into the recording head while circulating to
coat the sol on the surface of the polysulfone resin.
‘The recording head was dried at 80°C and heat-treated at
160°C for one hour.

30

In the recording head thus prepared,

35 an about 800 A-thick film comprising a fine particle of
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silicon oxide was formed on the whole surface of the
passage which comes into contact with an ink.
This recording head was mounted on an ink Jjet

‘recording device, and a printing test was conducted. As

10

[
[¥1]

20

25

30

35

a result, neither omission of dot nor disturbance of
printing occurred, and an excellent hydrophilic effect
was confirmed within the head. The ink was withdrawn
from the ink jet recording head, the recording head was
allowed to stand at 70°C for 5 days, and a bubble
discharge test was conducted. Specifically, an ink was
sucked at a suction rate of 0.1 ml/sec for a given period
of time, and printing was then conducted to determine a
time taken for the bubbles remaining within the passage
to be completely discharged and troubles such as omission
of dot and disturbance of printing to be eliminated. As
a result, these troubles could be completely eliminated
in a suction time up to 30 sec. Thus, it was confirmed
that the hydrophilic effect was maintained without
deterioration and the bubbles formed within the ink

passage could be easily removed by a simple discharge
operation.

Example D2
(1) Preparation of Sol

A sol comprising a fine particle of alumina in a rod
form (Alumina Sol 520 manufactured by Nissan Chemical
Industries, Ltd.) was  diluted with ethanol to a
concentration of 0.2% by weight to give a dilute sol.

The temperature necessary for removing pﬁysically
adsorbed water in this alumina sol was 120°C as measured
by a differential thermal analysis.

{(2) Evaluation of Bonding Strength

The sol prepared in the above item (1) was coated on
a flat plate of a polycarbonate resin, and the coated
resin was heat-treated under conditions of temperatures
and times specified in Table 5. Thus, a 1 pum-thick
alumina film was formed on the resin plate, and the
contact ahgle of the films was 15° to 20°. The £ilm

there is a possibility that no honbgeneous coati ng can be
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The results are given in Table 5.
Table 5

10

Heating temp.

110

120

120

120

130

Eeating time

6

Contact angle

Thickness of film
after washing with
running water (um)

30

< 0.1

0.2

20

0.5

20

20

20

Tape peeling

Contact angle

peeled

< 0.1
30

1
20

1
20

1
20

15
From the results, it is apparent that the treatment

at a temperature of about 120 to 130°C can provide a
satisfactory film bonding strength.

As is apparent from the results of Example A2, the
film subjected to a treatment at a temperature of 80°C
had a strength satisfactory for practical use. It is
surprising that the film strength can be improved by a
treatment at a temperature of about 120 to 130°C.

(3) Evaluation of Performance of Recording Head

A first substrate and a second substrate each
comprising a polycarbonate resin were washed and dried,
and the portions to be bonded were masked by taping,
resist or the like. The above-described alumina sol was
coated on the surface of the polycarbonate
dipping or spin coating. The coating was maintained at
120°C for 6 hr to remove physically adsorbed water and,
at the same time, The
mask was and these substrates comprising a
polycarbonate resin were joined to each other through a
solvent cement, and the resultant laminate was heated at
80°C for bonding. Thereafter, the nozzle portion of the
tip of the head was cut.

20

25

resin by
30

to immobilize alumina particles.
removed,

35

In the recording head thus
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anQa:IS preferably about 0.001 to 1% by weight. \When the
n |s | ess than 0.001% by 4¥i ght, no effect of addition of
is attained. On the other hand, when the amount of
addltlon excee 1@6by weight, there is a possibility that the stability of
the sol per se is spoiled. The sol thus prepared is applied to an ink
passage. There is no particular limtation on the nethod of applying the
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S recording device, and a printing test was conducted. Aas
a result, neither omission of dot nor disturbance of
printing occurred, and an excellent hydrophilic effect
was confirmed within the head. Printing was continuously
conducted at room temperature for 1000 hr. No printing
10 failure was observed, and a good long-term reliability
could be attained. The ink was withdrawn from the ink
jet recording head, the recording head was allowed to
stand at 70°C for 5 days, and a bubble discharge test was
conducted. As a result, no trouble such as omission of
15 dot or disturbance of printing occurred. Thus, it was
confirmed that the hydrophilic effect was maintained
without deterioration and the bubbles formed within the

ink passage could be easily removed by a simple discharge
operation.

20 Example D3
(1) Preparation of Sol

A sol comprising a fine particle of zirconia having

a mean particle diameter of 0.02 um dispersed in a

solvent composed mainly of ethanol to a concentration of

25 0.05% by weight was prepared in the same manner as that
of Example B3.

The temperature for . removing physically adsorbed

water in this sol was 170°C as measured by a differential
thermal analysis.

30 (2) Evaluation of Bonding Strength
The sol prepared in the above item (1) was coated on
a flat plate of a polyethersulfone resin, and the coated
resin was heat-treated under conditions of temperatures
and times specified in Table 6.- Thus, a 2 pm—thick film
35 was formed on the resin plate, and the contact angle of
the films was 20° to 25°. The film strength was
evaluated by a water flow test and a tape peeling test in



The thlckness of the sol |ayer may be determ ned by taking the thickness of

t hdhigS ficl es of an inorgani c2®xi de i nto consideration.
After plied to the surface of the ink passage, the sol is
drled may be conducted at a tenperature or above capabl e of

evapor ati ng the dlsper5|ng medium  For exanple, a fiimconprising fine
particles of an inorganic oxide having a strength

This is the re acenent sheet
Q% ame manner as that of Example Dl. The results are

Dat e:
given in Table 6.
Table 6
Heating temp. 150 160 170170 | 180
5
Heating time 1 1 1 3 1
Thickness of film < 0.1|< 0.1} 1 2 2
after washing with
running water (um)
10 Contact angle 40 30 25| 25 | 25
Tape peeling peeled|peeled| 2 2 2
Contact angle - - 25 ] 25 25
15 From the results, it is apparent that the treatment

at a temperature of about 170 to 180°C can provide a
satisfactory film bonding strength.

~ As is apparent from the results of Example B3, the
film subjected to a treatment at a temperature of 80°C

20 had a strength satisfactory for practical use. It is
surprising that the film strength can be improved by a
treatment at a temperature of about 170 to 180°C.

(3) Evaluation of Performance of Recording Head
A first substrate and a second substrate each

25 comprising a polyethersulfone resin were washed and
dried, and these substrates comprising a polyethersulfone
resin were Jjoined to each other through an epoxy
adhesive, and the resultant laminate was heated at 80°C
for bonding.

30 The above-described sol was injected by means of a
pump into the recording head while circulating to coat
the sol on the surface of the polyethersulfone resin.
The recording head was dried at 80°C and then heat-
treated at 180°C for one hour. Thereafter, the nozzle

35 portion of the tip of the head was cut. In the recording
head thus prepared, an about 400 A-thick film comprising



sat &S sfBeen Beplasedcal use can be formed within the ink passage by
drying ure of about 80[err]C.29 According to a preferred
enbodi esent invention, the drying is conducted by heating to

a tenperature necessary for renoving water physically adsorbed between fine
particles of an inorganic oxide (hereinafter referred to as "tenperature
necessary for renoving physically adsorbed water"). 1In the heating to at

least a tenper gt ;e esesepiye OF 22BRVHAG PEYSh&R! bY the whole surface
of the passage which comes into contact with an ink. .

This recording head was mounted on an ink jet

recording device, and a printing test was conducted in

5 the same manner as that of Examples Dl and D2. The

results were substantially the same as those of Examples
D1 and D2.

Example El1
(1) Preparation of Sol

10 A fine particle of silicon dioxide having a mean
particle diameter of 0.01 um (AEROSIL 200 manufactured
by Nippon Aerosil Co., Ltd.) was dispersed in a mixed
solvent comprising 50% by weight of ethanol and 50% by
weight of 2-ethoxyethanol to a concentration of 1% by

15 weight. To the dispersion was added 0.1% by weight of
aminosilane (SILA-ACE 6330 manufactured by Chisso
Corporation) as a silane coupling agent.

(2) Production of Recording Head and its Evaluation
A first substrate and a second substrate each

20 comprising a polysulfone resin were washed and dried, and
these substrates comprising a polysulfone resin were
joined to each other through a solvent cement, and the
resultant laminate was heated at 80°C for bonding.

The above-described silica sol was injected by means

25 of a pump into the recording head while applying suction,
and excess sol was then removed by empty suction. The
recording head was dried at 80°C, and the nozzle portion
of the tip of the head was cut. 1In the recording head
thus prepared, an about 1 um-thick £ilm comprising a

30 fine particle of silicon dioxide was formed on the whole
surface of the passage which comes into contact with an
ink. ' '

This recording head was mounted on an ink Jjet
recording device, and a printing test was conducted. As

35 a result, neither omission of dot nor disturbance of
printing occurred, and an excellent hydrophilic effect
was confirmed: within the head. The ink was withdrawn
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particle Shapeyr time, and printing was then conducted to determine a
time taken for the bubbles remaining within the passage
to be completely discharged and troubles such as omission
of dot and disturbance of printing to be eliminated. As
a result, these troubles could be completely eliminated
10 in a suction time of 1 .to 5 sec. Specifically, it was
confirmed that the hydrophilic effect . was maintained
without deterioration and the bubbles formed within the
ink passage could be easily removed by a simple discharge
operation.
15 Example E2
(1) Preparation of Sol

A sol comprising a fine particle of alumina in a rod
form having a mean particle diameter of 0.02 um (Alumina
Sol 520 manufactured by Nissan Chemical Industries, Ltd.)
20 was diluted with methanol to a concentration of 0.5% by
. weight to give a dilute sol. To the dispersion was added
0.05% by weight of aminosilane (SH6020 manufactured by
Toray Silicone Co., Ltd.) as a silane coupling agént.
{2) Production of Recording Head and its Evaluation
25 - The above-described alumina sol was injected by
means of a pump while applying suction into a recording
head comprising a first substrate which comprises a
stainless steel plate having a pattern groove comprising
an acrylic photocuring resin for an ink passage and a
30 second substrate comprising glass and chromium sputtered
thereon, and excess sol was then removed by empty
suction. The recording head was dried at 140°C. 1In the
recording head thus prepared, an about 800 A-thick f£ilm
comprising a fine particle of alumina was formed on the
35 whole surface of the passage which comes into contact
with an ink.



Eﬁﬁﬂﬁ@'the temperature for renoving physically adsorbed

t her dhis$haet
wat er i I t he spherical shape i§1higher than that in the case of
a feath

shape. The tenperature for renoving physically
adsorbed water of the fine particlesof an inorganic oxide utilized in the
present invention is generally considered to be about 110 to 200[err]C
According to another preferred enbodi nent of the present invention, the

drying is conductedpRysheabBgdaifga Heal deher nRbhRbedCNBAr ahHr eifk thHet
base material. Wen the base nmaterial conprises a resin or conprises a
conposi te struBBGPESARG SEVEAn faRE 2 oRPENEERTobegt was conducted. As

a result, neither omission of dot nor disturbance of
printing occurred, and an excellent hydrophilic effect
5 was confirmed within the head. The ink was withdrawn
from the ink jet recording head, the recording head was
allowed to stand at 70°C for 5 days, and a bubble
discharge test was conducted in the same manner as that
of Example Al, Specifically, an ink was sucked at a
10 suction rate of 0.1 ml/sec for a given period of time,
and printing was then conducted to determine a time taken
for the bubbles remaining within the passage to be
completely discharged and troubles such as omission of
dot and disturbance of printing to be eliminated. As a
15 result, these troubles could be completely eliminated in
a suction time of 1 to 5 sec. Specifically, it was
confirmed that the hydrophilic effect was maintained
without deterioration and the bubbles formed within the
ink passage could be easily removed by a simple discharge
20 operation.
Example E3
(1) Preparation of Sol

A sol comprising a fine particle of zirconium oxide
having a mean particle diameter of 0.07 gm (Zirconia Sol
25 NZS-20A manufactured by Nissan Chemical Industries, Ltd.)
was diluted with a solvent composed mainly of methanol to
a concentration of 0.02% by weight, and 0.02% by weight
of y-glycidoxypropyltrimethoxysilane was added thereto as
a silane coupling agent.
30 (2) Production of Recording Head and its Evaluation
The above-described =zirconia sol was injected by
means of a pump while applying suction into a recording
head comprising a first substrate which comprises a glass
plate having a pattern groove comprising an acrylic
35 photocuring resin for an ink passage and a second
substrate comprising silicon and ITO sputtered thereon,
and excess sol was then removed by empty suction. The



12 T"t’%eamas@eem s conducted by heating to a tenperature in the
range o t he heat defor ned3 on tenperature of the resin.
When t mmy ein a filmconprising fine particlesof an inorganic
oxi de |s ep n the surface thereof is heated, the filmis fixed

t hrough fusion or the |ike, which contributes to an increase in the

strength of bond of the filmto the surface of the resin. The bondi ng

strength can beddms Oy fthXd'Qﬁéeé‘?iQE tRe1Bgaki, g Ie R dldctaiiyVilg |

is preferred to avoid
thus prepared, an about 0.2 um-thick film comprising a

fine particle of zirconia was formed on the whole surface
of the passage which comes into contact with an ink.

5 This recording head was mounted on an ink jet
recording device, and a printing test was conducted. As
a result, neither omission of dot nor disturbance of
printing occurred, and an excellent hydrophilic effect
was confirmed within the head. The ink was withdrawn

10 from the ink jet recording head, the recording head was
allowed to stand at 70°C for 5 days, and a bubble
discharge test was conducted in the same manner as that
of Example Al. Specifically, an ink was sucked at a
suction rate of 0.1 ml/sec for a given period of time,

15 and printing was then conducted to determine a time taken
for the bubbles remaining within the passage to be
completely discharged and troubles such as omission of
dot and disturbance of printing to be eliminated. As a
result, these troubles could be completely eliminated in

20 a suction time of 1 to 5 sec. Specifically, it was
confirmed that the hydrophilic effect was maintained
without deterioration and the bubbles formed within the
ink passage could be easily removed by a simple discharge
operation.
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2. An ink passage according to claim 1, wherein the

- fine particle of an inorganic oxide is composed mainly of

an oxide of at least one element selected from aluminum,
zirconium, silicon, titanium, tin, indium, =zinc, 1lead,
germanium, hafnium, chromium, copper, iron, cobalt,
nickel, manganese, vanadium, niobium, tantalum and
molybdenum. '

3. An ink passage according to claim 1, wherein the
fine particle of an inorganic oxide has a mean particle
diameter of 50 A to 10 um.

4. An ink passage according to claim 1, wherein the
film comprising a fine particle of an inorganic oxide has
a thickness of 50 & to 10 um.

5. An ink passage according to c¢laim 1, which
comprises a base material comprising a resin, silicon,
glass, a ceramic or a metal or its composite material.

6. An ink passage according to any one of claims 1
to 5, wherein the passage is an ink jet recording head.

7. A process for producing an ink passage according
to any one of claims 1 to 5, comprising the steps of
coating a sol comprising a fine particle of an inorganic
oxide dispersed therein on a base material and drying the
resultant coating.

8. A process for producing an ink passage according
to claim 6, wherein the drying is conducted by heating
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aration of Sol A silica sol conprising fine
part | H e‘m{ ﬂ" w i oxi de having a nearBdarticle diameter of 0.02 [err]m
di spe conposed mai nly of ethanol to a concentration of

0. 1% by wei ght mas prepared as follows. Fine particles of silicon

di oxide were prepared by stirring ethyl silicate in the presence of a

basi ¢ catal yst (annpnia) In a mxed solvent conprising ethanol and water

and all ow ng t e e parit%il £ 284 TPLagevelal  difySracd Ve RAI AL ey ©

contai ning the
removing phy51cally adsorbed water.

. A process for producing an ink passage according
to claim 5, wherein after coating the sol comprising a
fine particle of an inorganic oxide dispersed therein on
the base material, the coating is heated to a heat
deformation temperature of the base material.

lo. A process for producing an ink passage according
to claim 8, wherein the sol further comprises a coupling
agent.

11. A process for producing an ink passage according

to claim 8, wherein the solvent as a dispersing medium is
composed mainly of an organic solvent.
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13 of silicon dioxide was concentrated, and ethanol was added thereto to
give a sol conprising a fine particle dis@sed in a mxed sol vent
conprising 95% by wei ght of ethanol and 5% by wei ght of water. (2)
Production of Recording Head and its Eval uation A first substrate and a
second substrate each conprising a polysul fone resin were washed and dri ed,
and these substrates conprising a polysulfone resin were joined to each

ot her through a solvent cenent, and thggéﬁgggégnt | am nat e was heated at
80[err] C for bonding. The above-de ilica sol was injected by
means or a punp into.tHeer presdnty ireshiivd erebaptgsngosuat | bnk passage

having surface which has a film comprising a fine
-particle of an 1inorganic oxide having a hydrophilic
5 group. —

The surface of the ink passage according to the
present invention has a high hydrophilicity and can
rapidly remove bubbles formed within the ink passage.
The recording head according to the present invention

10 need not conduct £illing of a liquid in the course of
transportation and can be transported in an empty state.

15
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Thereafter, excess sol was renoved by enpty. suction to coat the sol on the
surface of the polysulfone resin. The recording head was dried at

80[err]C, and the nozzle portion of the tip of the head was cut. 1In the
recording head thus prepared, an about 0.2 [errlmthick film

conpri sing fine particles of silicon dioxide was forned on the whole
surface of the passage which cones intoggzpﬂact with an ink. The vicinity
of the passage of the cross section in this‘recording head was as shown in
Fig. 3. In Fig. 3, nunmeral 31 designates a filmof silicon dioxide and
nuneral 32 a bond area of a solvent cenent. Thi s recordi ng head was
nmounted on an ink jet recording device, and a printing test was conduct ed.
As a result, neither om ssion of dot nor disturbance of printing occurred,
and an excell ent hydrophilic effect was confirnmed w thin_ the head. The

i nk was w t hdrawn
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Technical Field
The present invention relates to an ink passage

BACKGROUND OF THE INVENTION

having a hydrophilic surface, for example, an ink Jjet
recording head wherein the portion which contacts with an
ink is hydrophilic.

Background Art

In an ink jet recording method, bubbles formed
within an ink passage is causative of troubles such as
omission of dots or disturbance of printing. Therefore,
the filling of an ink should be conducted in such a
manner that no bubble forms within the ink passage. It
is-preferred for bubbles which once formed to be rapidly
removed through a discharge operation.

In many cases, however, it is difficult to discharge
bubbles formed within the passage. This is considered

~attributable to a poor wettability of the surface of the

ink passage with a water-based ink due to a high water
repellency of the surface of the ink passage which
contacts with an ink. In particular, when a resin which
can advantégeously lower the production cost by virtue of
its easiness of processing and fabrication in comparison
with glass and metals is used as an ink passage material
including a recording head, the water repellency of the
resin is so high that the formed bubbles are hardly
discharged.

For this reason, several proposals have been made on
a method of enhancing the hydrophilicity of the internal
surface of the ink passage. For example, there is a
method wherein a polar group is formed on the surface of
2 resin constituting an ink passage by an acid treatment,
a plasma treatment, etc. to impart a hydrophilicity to
the surface of the resin (Japanese Patent Laid-Open
Publication No. 24957/1985). This method, however, had a

.problem that the formed polar group is poor in the
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14 ?{ssm $Be.fent§é‘pq=éco 1 to 5 sec. Specifically, it was confirned that
1t he hydig s maintained without deterioration and the bubbl es
f ormed k///ﬁl’/ﬂ passage could be easily renoved by a sinple discharge
operation. Exanp (1) Preparation of Sol An al um na sol conprising
fine particles of alum na having a nean particle dianeter of 0.05 [err]m

di spersed in a sol vent conposed mainly @f -propanol to a concentration of
0.2% by wei ght was prepared as foll ows. The fine particles of alumna
wer e prepar%%irsb?te’h%ﬁtingF‘émWﬁuthien the passage was allowed to

stand for a long period of time in such a state that no
ink is filled, the effect of imparting the hydrophilic
nature 1is lost. Therefore, when a recording head is
produced, stored or transported, it is necessary to fill
a liquid, e.g. an ink, for maintaining the polar group.
The £filling operation of the ink or other liquid during
the storage or transportation is troublesome. In
addition to the above methods, a method wherein a dye is
previously brought into contact with the ink passage with
heating to make the surface of the passage compatible
with the ink is known in the art (Japanese DPatent
Publication No. 54784/1990). However, this method as
well has a problem of the persistence of the effect.
Further, in some cases, the heating unfavorably gives
rise to an enhancement in the water repellency of the
resin. _
SUMMARY OF THE INVENTION

Accordingly, an object of the present invention is
to provide an ink passage having a hydrophilic surface.

Another object of the present invention is to

provide an ink passage wherein formed bubbles can be
rapidly removed.

A further object of the present invention is to
provide an ink passage, especially an ink jet recording
head, which can maintain a good hydrophilicity even when
the inside of the head is emptied in a period between the
production and the use of the head or during interruption
of the use.

The ink passage according to the present invention
comprises a passage having a surface which has a film
comprising a fine particle of an inorganic oxide having a
hydrophilic group. |

The process for producing- an ink passage according
to the present invention comprises coating a sol
containing a fine particle of an inorganic oxide on a
base material and drying the coating.

This is the replacement sheet
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hydrochloric acid to the m xture and allow ng the m xtur nﬁbpbcaj
80[err]C for several days. The reaction m xture contal

particles of alumna was concentrated, and propanol to
give a sol conprising a fine particle d?spersed in a m xed solvent
conprising 90% by wei ght of propanol and 10% by wei ght of water. (2)
Production of Recording Head and its Eval uation A first substrate and a
second substrate each conprising a polycarbonate resin were washed and
dried, and the portions to be jointed was nmasked by taping, resist or the

| i ke. The above- descriﬁmmtmjmm$¢uu§@tomaepcgggegRQwINbg surface of the
pol ycar bonate r dippl ng.or_s i coatin The, coat.i ng was i ed at

100[err]C anc:l%f‘?‘ meskfad r 1CTREEY SfbdaTt alRE éSFrprrleﬁ%g
hea

tripropoxide in water to 75[err]C, stirring the nmfst?‘i ddlng T

Fig. 2 is an enlarged cross section taken on line A-
A' of Fig. 1; and
Fig. 3 is an enlarged view of the vicinity of a
passage of an ink jet recording head according to the
present invention.
DETAILED DESCRIPTION OF THE INVENTION
Ink Passage

The term "ink passage" used herein is intended to
mean a portion which comeé into contact with an ink. For
example, in the ink jet recording method, the ink passage
refers to all the portions which contact with an ink in a
path from a member for storing an ink through an ink feed
system to a recording head. Therefore, in this
specification, the recording head as well is referred to
as "ink passage". -

The ink passage according to the present invention
has on its surface a film comprising a fine particle of
an inorganic oxide. The term "fine particle of an
inorganic oxide" used herein is intended to mean a fine
particle of an inofganic element having on its surface a
hydrophilic group such as a hydroxyl group, a carboxyl
group or a sulfonyi group.

This film comprising a fine particle of an inorganic
oxide exhibits a very high hydrophilicity by virtue of
the presence of the hydrophilic group on the surface of
the fine particle of an inorganic oxide. This enables a
high hydrophilicity to be imparted to the surface of the
ink passage through the formation of this film on the
surface of the ink passage. When the surface of the ink
passage has a high hydrophilicity, bubbles formed within
the ink passage are rapidly discharged without staying
within the passage. ’
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pol ycarbonate resin were joined to each ot her through solvent cenent " and

:the resultant [am nate was heated at 80[err]C for bond lacedhe
nozzl e portion of the tip of the head was cut. In the t hus
prepared, an about 0.5 [err]mthick filgn conprising

al um na was fornmed on the whole surface of the passage mhlch cones into
contact with an ink. This recordi ng head was nmounted on an ink jet
recordi ng device, and a printing test was conducted. As

The surface of the ink passage according to the
present invention has a high hydrophilicity and a contact
angle of about 0 to 40°, preferably 0 to 30°.

The hydrophilic group on the surface of the fine
particle of an inorganic oxide does not easily £fall off
and has an excellent persistence. For example, in a
recording head subjected to a treatment for imparting a
hydrophilic nature by the conventional method, 1t was
necessary to £ill the inside of the head with an ink or
other 1liquid after the production of the head for
allowing the hydrophilicity to persist until the
recording head was used. By contrast, the recording head
according to the present invention advantageously needs
no filling material for maintaining the hydrophilicity.
Further, the 1ink passage according to the present
invention can maintain the hydrophilicity even when the
ink is withdrawn and the recording head is exposed to the
air for a 1long period of time. This as well is an
advantage of the present invention unattainable by the
conventional treatment method for imparting a hydrophilic
nature. . |

Preferred examples of the fine particle of an
inorganic oxide include a fine particle composed mainly
of an oxide of one or two or more elements selected from
aluminum, 2zirconium, silicon, titanium, tin, indium,
zinc, lead, germanium, hafnium, chromium, copper, iron,
cobalt, nickel, manganese, vanadium, niobium, tantalum
and molybdenum. The term "oxide of two or more elements"
used herein is intended to include a mixture of oxides of
a plurality of single inorganic elements (for example, an
amorphous substance such as glass) and further an oxide
wherein two or more elements selected from the above
inorganic elements are stoichiometrically bonded to
oxygen. It is also possible to add sodium and boron as a
further component to these oxides.

——
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.occurred,

head.

The ink was withdrawn fromthe ink jet recordin

15 a result, neither om ssion of dot nor d'Sturba”QﬂsQﬁe&ﬁkﬁ¥h89R
recordi ng head was allowed to stand at 70[err]C for 5 d I

and an excellent hydrophilic effect was confi

L

gmd

bIe

di scharge test was conducted in the same manner as that of Exanple Al.

a result,

It was confirnmed that aS\Mtrﬁ'Exanple , the troubles

D ol P!y ST M A ?stfngéh%.nlen%a Ganfy ook f

include Al,05, ZrO,, §i0,, TiO,, Sn0O,, 1In,0g, ZnO, ?b0,
GeO,, HfO,, Cr,0;, CuO, Fe,0;, CoO, NiO, MnO,, V,05,
Nb,Og, Ta,0; and Mo,0;. Preferred examples of the mixture
of these inorganic oxides include Si0,-ZrO,-based glass
compositions known as a =zirconia glass (for example,
§io,-2r0,, §i0,-Zr0,-Al,0; and 85i0,~2r0,-Na,0), BaTiO,,
MgRl,0,, ferrites (for example, Mn-ferrite, Co-ferrite
and Mg-ferrite). 1In particular, since the zirconia glass
has an alkaline resistance, the use of the zirconia glass
is advantageous when the water-based ink is alkaline.

Although there is no particular limitation on the
size of the fine particle of the inorganic oxide, the
mean particle diameter is preferably 50 A to 10 um,
still preferably 100 & to 0.1 um. When the mean
particle diameter exceeds 10 um, there is a possibility
that the homogeneity of the sol is spoiled. Further, the
film forming property as well is unfavorably poor. The
particle shape as well is not particularly limited, and
use may be made of particles having wvarious shapes such
as sphere and rod. |

Although the thickness of the film comprising a fine
particle of an inorganic oxide can be properly determined
by taking the degree of hydrophilicity, the necessary
durability, etc. into consideration, it is preferably 50
A to 10 gm, still preferably about 800 & to 1 gm. The
hydrophilic effect can be attained even when the film
thickness exceeds the above range. In this case,
however, the dimensional accuracy deteriorates and this
is unfavorably causative of clogging.

The film comprising the fine particle of an
inorganic oxide can be formed on various base materials
for an 1ink passage. Preferred examples of the base
material include glass, silicon, resins (for example,
polysulfone, polycarbonate, polyethersulfone,
photosensitive acrylic resin, amorphous polyolefin,
polystyrene, epoxy resin, phenolic resin and acetal
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oxi de having a nean particle dianeter of 0.3 [err]m dfRipShesttas Besh RePladedt

:conposed mainly of ethanol to a concentration of 2% by ar ed
as follows. The fine particles of titanium oxide we r

stirring titanium tetraethoxide in a mixed solvent conpri hanol
and water to conduct hydrolysis. The reaction m xture containing the fine

particle of titanium oxide was concentr & ed, and et hanol and

2-eth th |. were dded hereto 0 ive a sol c¢opprising
ine parci oldeaitbor eReLE o S5 cRx€BPY Bt SRR moS ESHBESReitfRe bt

et hanol , 35%dj;dwxeit@nta51fum?-atnldoxglatdnaﬁﬁiln)andcéfyaxbyci/e}(igiﬁs%rﬁ)inavg ?ztllt‘a'( g%d .

cecond substr A S Bt SAaF sFRG- b BB BRERAFr SABERRdS S uacrisy

dried and j diamtheldr t Faedth @tieor) .t hr oBlghtharepokiye advese venattewial may
comprise a composite material. For example, an ink
passage comprising a base material comprised of a
substrate and a resin laYer provided thereon (Japanese
Patent Publication No. 59873/1987) and, formed on the
substrate and the resin layer, a film comprising the
above fine particle of an inorganic oxide is embraced in
the present invention. _ _

In the £film comprising a fine particle of an
inorganic oxide, it is estimated that fine particles
themselves or the fine particle and the surface of the
base material are bonded to each other by van der Waals
force, Coulomb's force and, in some cases, a hydrogen
bond through a bond of hydrophilic groups present on each
surface. When the base material is a resin, the £ilm may
be physically bonded to the base material by partial
fusing. - h

Further, in order to make these bonds more firm, it
is preferred to conduct the bonding through a coupling
agent. For example, it is possible to utilize a silyl
compound having, for example, an amino group, an alkoxy
group, a hydroxyl group, an epoxy group, a vinyl group, a
carbonyl group, a sulfonyl group or other group. In
particular, the use of an aminosilane as the coupling
agent is preferred because the bonding between the fine
particles themselves and the bonding between the fine
particles and the surface of the base material are both
reinforced.

The recording head (as described above, the
recording head as well is part of the ink passage)
according to the present invention will now be described
with reference to the accompanying drawings. Fig. 1 is a
schematic view of an ink jet recording head. In the
drawing, numeral 1 indicates a pressure chamber for
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the | am nate was heated at 80[err]C for bonding. Thipihe tinsdBede Repihdaad
.titania sol was injected by neans of a punp into the r whi | e
appl yi ng suction. Thereafter, excess sol was renoved ﬂion to
apply the sol to the surface of the polyethersul fone resin. ordi ng
head was dried at 80[err]C, and the nozzle portion of 'the tip of the head

was cut. In the recording head thus prépared, an about 3 [err]mthick

flln1conprlgkggigkgg[gﬂé}géggrgfugggaqﬁumhe ejection of an ink by

means of a PZT element or a heating element. The
pressurized ink is passed through a path 2 and jetted
through an ink jet nozzle 3. Fig. 2 is an enlarged cross
section taken on line A-A' of Fig. 1. The recording head
is formed by laminating a first substrate 4 having a
pattern groove for passing of an ink and a second
substrate having no groove. Fig. 3 is an enlarged view
of a portion corresponding to line aA-A' of Fig. 1. a
film 31 comprising a fine particle of an inorganic oxide
is formed on the whole internal surface of the ink path
2. Further, a film comprising a fine particle of an
inorganic oxide is provided also on the internal surface
of the pressure chamber 1. This imparts a hydrophilic
nature to a recording head at the whole ink passage which
contacts with an ink, and when bubbles are formed, they
are rapidly discharged. Numeral 32 designates an area of
bond between the first substrate and the second
substrate. .
Production of Film Comprising Fine Particle of Inorganic
Oxide

The ink passage according to the present invention
can be produced by dispersing a fine particle of an
inorganic oxide in a suitable solvent to give a sol,
coating the sol on the surface of the ink passage and
drying the coating. '

The sol containing a fine particle of an inorganic
oxide dispersed therein may be a commercially available
one. Examples of the sol include those commercially
available from Nissan Chemical Industries, Ltd. such as
Snowtex (trade name) 20, 30, 40, C, N, O, S, 20L and 0L
(which are each a silica sol), alumina so0l-100, 200 and
520 (which are each an alumina sol) and zirconia sol NZS-
20A, 30A and 30B (which are each a zirconia sol).

It is also possible to utilize a fine particle of an
inorganic oxide produced by methods described in known
documents. With respect to the known methods, reference
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16 di oxi de was fornmed on the whol e surface of the passage-whi-ch_caones

into contact with an ink. Thi s recordi ng head was THRYRL on an ink jet
recording device, and a printing test was conducted. Aq E? Ei" Mdcher
a
The

om ssion of dot nor disturbance of prin8ing occurred,
hydrophilic effect was confirmed within the head.
fromthe ink jet recording head, the recording head was allowed to stand at
70[err]C for 5 days, and a bubble discharge test was conducted in the sane
manner as that of Exanple Al. As a- result, it was confirmed that as with
Exanpl e AlpthedrauBkes Sl chd® §08BEEL @Y a1., Journal of Colloid
and Interface Science 26, 62-69 (1968) for Si0,; Yoldas,
Ceramic Bulletin 54, 289-290 (1957) for Al,05; Hagiwara
et al., Proceeding of Annual Meeting (1991) of The
Ceramic Society of Japan, 2802, 313 (1991) for A1203—
2rO,-based oxide and Al,0;-Si0O,-based oxide; Ikemoto et
al., Journal of The Ceramic Society of Japan, 93, 261-266
(1985) and E.A. Barringer et al., J. Am. Chem. Soc., 65,
C199-201 (1882) for TiO,, etc. The contents of these
documents are herein incorporated by reference.

The synthesized fine particle of an inorganic oxide
is dispersed in a suitable solvent to prepare a sol. The
solvent as a dispersing medium may be selected from a
wide variety of organic solvents which have a high
wettability with the material constituting the surface of
the ink passage and do not erode the base material.
Preferred examples of the dispersing medium include
monohydric alcohols such as methanol, ethanol, propanol;
butanol and ethoxyethanol, polyhydric alcohols such as
ethylene glycol and glycerin, amines such as
triethylamine and pyridine, carboxylic acids such as
formic acid, acetic acid and oxalic acid, acetonitrile
and mixed solvents comprising mixtures of the above
dispersing media, and mixed solvents comprising a mixture
of the above dispersing media with water or other organic
solvents. When the base material is a resin, 1lower
alcohols are particularly preferred.

In some cases, the commercially available sol may be
further diluted with a suitable solvent prior to use.
The above solvents may be preferably used as a solvent in
this case as well.

The amount of the fine particle of an inorganic
oxide in the sol is preferably about 0.01 to 10% by
weight, still preferably about 0.05 to 2% by weight.
When the amount is less than 0.01% by weight, there is a
possibility that no homogeneous coating can be attained.
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elimnated in a suction tine of 1 to 5 sec. Exanple Bl (1) Preparation—-of-
-Sol A sol conpri sing fine particles of This Sheet H

Sigerr]-Zrgerr]-A[err]Jerr] (Sigerr]:Zrgerr]:A[ern a3 Been Replaced
70:20: 10, weight ratio) having a nmean particle dianeter c‘ ,TE dﬂm]r'm
di spersed in a solvent conposed mainly of acetonitrile t I on

of 0.1% by wei ght was prepared as fol l-o®s- The conposite fine particle of
silica-zirconia-alum na was prepared by refluxing ethyl silicate,

zirconium_t b L d nd | Iyt axi N 10GL e 38 NQ
acetonitrf?%ggﬁg §g§é# ?ﬁ%@étgﬁgﬁgkggr?bﬁhg%t%éb%?gfu}g%tggggﬁﬁ%ggh
hydr ol ysi sshishie, unfevorablyorrusative ebnehpathngt Aé sbevbassageparticl es

o oc o 2o 0 HELOULsbe B BOEILNSELRa LS GRSl
third component for the purpose of improving and
stabilizing the dispersion of the fine particle of an
inorganic oxide or to impart an electric charge to the
surface of the £fine particle. For example, it |is
preferred to add a surfactant in an amount of about 0.001
to 1l by weight.

When a coupling agent is added to a sol for the
purpose of strengthening the bond between the fine
particle of an inorganic oxide and the base material, the
amount of addition is preferably about 0.001 to 1ls by
weight. When the amount of addition is less than 0.001ls
by wéight, no effect of addition of the coupling agent is
attained. On the other hand, when the amount of addition
exceeds 1l by weight, there is a possibility that the
stability of the sol per se is spoiled.

The sol thus prepared is applied to an ink passage.
There 1is no- particular limitation on the method of
applying the sol to the ink passage so far as a layer of
the sol can be evenly formed on the surface of the ink
passage. However, the application of the sol by coating,
dipping, spin coating, etc. is preferred. Further, the
coating may be conducted by assembling a recording head
as shown in Fig. 1, injecting a sol into the ink passage
while applying suction by means of a pump or the like and
removing excess sol through empty suction.

The thickness of the sol layer may be determined by
taking the thickness of the film of a fine particle of an
inorganic oxide into consideration. '

After the sol is applied to the surface of the ink
passage, the sol is dried. The drying may be conducted
at a temperature or above capable of evaporating the
dispersing medium. For example, a film comprising a fine
particle of an inorganic oxide having a strength
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.solvent. (2) Production of Recording Head and its Ev i laceq
recordi ng head wherein a film conprising fine partf ”lel /
Sigerr]-Zrgerr]-Al[err]Jerr] was fornmed on the whole's t he
passage which cones into contact with an ink was prepared in the sane
manner as that of Exanple A2. - 10 -

wei ght of acetonitrile, 20% by wei ght of octanol aﬂ-ﬂ;;fb%tbﬁs\gggrgﬁt .c-_)-f“_“ot her

satisfactory for practical use can be formed within the
ink passage by drying at a temperature of about 80°C.

According to a preferred embodiment of the present
invention, the drying 1is conducted by heating to a
temperature necessary for removing water physically
adsorbed between fine particles of an inorganic oxide
(hereinafter referred to as "temperature necessary for
removing physically adsorbed water"). 1In the heating to
at least a temperature necessary for removing physically
adsorbed water, a chemical bond by means of a
dehydrocondensation or a hydrogen bond in which no
adsorbed water participates is formed, etc. are formed
between the fine particles themselves and between the
base material and the fine particles, which contributes
to an improvement in the strength of the £ilm comprising
the fine particle of an inorganic oxide. The temperature
for removing physically adsorbed water of the fine
particle of an inorganic oxide can be determined, for
example, from an endothermic peak obtained by a
differential thermal analysis. This temperaturé varies
depending upon the size of the fine particles. The
smaller the particle diameter, the smaller the diameter
of the pore between fine particles and consequently the
higher the temperature for removing physically adsorbed
water. Further, with respect to the fine particle shape,
there is a tendency that the temperature for removing
physically adsorbed water in the case of the spherical
shape is higher than that in the case of a feathery or
fibrous shape. The temperature for removing physically
adsorbed water of the fine particle of an inorganic oxide
utilized in the present invention is generally considered
to be about 110 to 200°C. _

According to another preferred embodiment of the
present invention, the drying is conducted by heating to
a heat deformation temperature of the base material.
When the base material comprises a resin or comprises a
composite structure having a surface comprised of a
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17 The recording head thus prepared had the sane _flhtln

performance as that in Exanple A2, and bubbl es f or med eﬂﬂepbcai
passage coul d be easily renoved. Further no hydroph|I| rﬂ ost

even when the ink was heated to 70[err]C and circul at ed
recording head for two weeks. Exanple B2 (1) Preparation of Sol
conprising fine particles of SiC{err} ZnCEerr] Na[err] O

(Sigerr]: err]: errlO = 70: 25: 5, MI ti,0) havi
particle dlﬁ £ of “1F 02 FXFHanﬁ%peFQ8 so?§ a&%ﬁﬁ% gonaPnly of
met hanol totampemaemrreat ian @he2%rkyige of from 50°C to the heat
deformation temperature of the resin. When the resin

wherein a film comprising a fine particle of an inorganic
oxide is deposited on the surface thereof is heated, the
£ilm is fixed through fusion or the 1like, which
contributes to an increase in the strength of bond of the
film to the surface of the resin. The bonding strength
can be improved by increasing the heating temperature.
However, it is preferred to avoid heating to a
temperature above the heat deformation temperature of the
resin from the viewpoint of the accuracy of the form.
Although there is no strict physical definition on the
heat deformation temperéture of the resin, in many cases,
the heat deformation temperature generally refers to a
temperature at which the resin is deformed under a load
of 18.5 kg/cm?. In the present specification as well,
the term "heat deformation temperature" is intended to
mean the temperature defined under this condition.
Similarly, when the base material comprises glass or
comprises a composite structure having a surface
comprised of a resin, it is preferred to conduct the
drying through heating to a temperature up to the glass
transition point of the glass.

The present:invention will now be described in more
detail with reference to the following Examples.
Example Al
(1) Preparation of Sol

A silica sol comprising a fine particle of silicon
dioxide having a mean particle diameter of 0.02 um
dispersed in a solvent composed mainly of ethanol to a
concentration of 0.l1% by weight was prepared as follows.
A fine particle of silicon dioxide was prepared by
stirring ethyl silicate in the presence of a basic
catalyst (ammonia) in a mixed solvent comprising ethanol
and water and allowing the mixture to stand for several
days. The reaction mixture containing the fine particle
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wei ght was prepared as follows. The conposite ThisiSpeetRaL icle =

dispersed in this sol was prepared by refluxing mnethyl =€N Replaceq
zirconium tetranethoxide and sodium nethoxide in net IH”/
uc |

acetonitrile and water and stirring the mxture to cond
Then, the reaction mxture containing the above fine particles was
concentrated, and ethanol was added theLete to give a sol conprising
fine particles dispersed in a mxed solvent conprising 90% by wei ght of
et hanol , 99fbySkeigAR ofionideoras i I@quﬁmmelagfx @thmpé.r.wa(sé)
Producti on e ' d Its al | : £ r 3

o o S0 o (e par on e appEring o L8R PREREER 6 s

wh in a filmcomrising a fipe particle of SiC
fo(ra:neeljnon fiﬁép\ﬁ/ﬁégg §1Prfagc,‘%l’b?gtﬁ‘élbﬁg‘éa&@%il@ﬁn@o i B owesahhcoLwi th an

i Nk was prepanedli andhassdye v ofS ddtadr Of Exanple Al

(2) Production of Recording Head and its Evaluation

A first substrate and a second substrate each
comprising a polysulfone resin were washed and dried, and
these substrates comprising a polyéulfone resin were
joined to each other through a solvent cement, and the
resultant laminate was heated at 80°C for bonding.

The above-described silica sol was injected by means

of a pump into the recording head while applying suction.
Thereafter, excess sol was removed by empty suction to
coat the sol on the surface of the polysulfone resin.
The recording head was dried at 80°C, and the nozzle
portion of the tip of the head was cut. In the recording
head thus prepared, an about 0.2 um-thick Ffilm
~comprising a fine particle of silicon dioxide was formed
on the whole surface of the passage which comes into
contact with an ink. The vicinity of fhe'passage of the
cross section in this recording head was as shown in Fig.
3. In Fig. 3, numeral 31 designates a film of silicon
dioxide and numeral 32 a bond area of a solvent cement.
This recdrding head was mounted on an ink Jet
recording device, and a printing test was conducted. As
a result, neither omission of dot nor disturbance of
printing occurred, and an excellent hydrophilic effect
was confirmed within the head. The ink was withdrawn
from the ink jet recording head, the recording head was
allowed to stand at 70°C for 5 days, and a bubble
discharge test was conducted. Specifically,. an ink was
sucked at a suction rate of 0.1 ml/sec for a given period
of time, and printing was then conducted to determine a
time taken for the bubbles remaining within the passage
to be completely discharged and troubles such as omission
of dot and disturbance of printing to be eliminated. As
a result, these troubles could be completely eliminated
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The recording head thus prepared had the sane printFﬁ Shest Hgg GRS t hat
in Exanple A, and bubbles fornmed within the ink pass £y
renmoved. Further, no hydrophilic effect was |ost even ﬂ S
heated to 70[err]C and circul ated through the recordi ng he T weeks.

Exanple B3 (1) Preparation of Sol 13 .

in a suction time of 1 to 5 sec. Specifically, it was
confirmed that the hydrophilic effect was maintained
without deterioration and the bubbles formed within the
ink passage could be easily removed by a simple discharge
operation,

Example A2

(1) Preparation of Sol

An alumina sol comprising a fine particle of alumina
having a mean particle diameter of 0.05 um dispersed in
a solvent composed mainly of propanol to a concentration
of 0.2% by weight was prepared as follows. The £fine
particle of alumina was prepared by heating aluminum
tripropoxide in water to 75°C, stirring the mixture,
adding hydrochloric acid to the mixture and allowing the
mixture to stand at 80°C for several days. The reaction
mixture containing the fine particle of alumina was
concentrated, and propanol was added thereto to give a
spl comprising a fine particle dispersed in a mixed
solvent comprising 90% by weight of propanol and 10% by
weight of water. .

(2) Production of Recording Head and its Evaluation

A first substrate and a second substrate each
comprising a polycarbonate resin were washed and dried,
and the portions to be jointed was masked by taping,
resist or the like. The above-described alumina sol was
coated on the surface of the polycarbonate resin by
dipping or spin coating. The coating was dried at l00°C,
and the mask was removed. These substrates comprising a
polycarbonate resin were joined to each other through a
solvent cement, and the resultant laminate was heated at
80°C for bonding. Thereafter, the nozzle portion of the
tip of the head was cut. In the recording head thus
prepared, an about 0.5 wum-thick film comprising a fine
particle of alumina was formed on the whole surface of
the passage which comes into contact with an ink.

This recording head was mounted on an ink jet
recording device, and a printing test was conducted. As
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A sol conprising zirconium oxi de having a mnmean partlclﬁM§3ﬂ£§ﬁ§g

.[err]mdispersed in a sol vent conposed nainly of ethanol ee
of 0.5% by wei ght was prepared as foll ows. The fine pa ,@‘% n| um
oxi de were prepared by dissolving zirconiumtetrabutoxid

adding acetonitrile, a cellulose surfactant and water and stirring t he

m xture to conduct hydrolysis. The reddti-on m xture containing the fine
particlesof titanium oxide was concentrated, and ethanol was added thereto
to give a sol resupki-si pgither neomeﬁ?eifémes)ﬁjl dpér sedr i rdks tskRaned| vt

compr i si ng A5 kdbngehbaBlrebact AWl an 359:@)(51%&19“}90%' Dt enok ALk by

wei ght of €ach of acetonitrile and water of Recordi ng Head
and its Evxafat FepRfirmed within the head. The ink was withdrawn

from the ink jet recording head, the recording head was
allowed to stand at 70°C for 5 days, and a bubble
discharge test was conducted in the same manner as that
of Example Al. As a result, it was confirmed that as
with Example Al, the troubles could be completely
eliminated in a suction time of 1 to 5 sec.

Example A3

(1) Preparation of Sol

A titania sol cemprising a fine particle of titanium
oxide having a mean particle diameter of 0.3 um
dispersed in a solvent composed mainly of ethanol to a
concentration of 2% by weight was prepared as follows.
The fine particle of titanium oxide was prepared by
stirring titanium tetraethoxide in & mixed solvent
comprising ethanol and water to conduct hydrolysis. The
reaction mixture containing the fine particle of titanium
oxide was concentrated, and ethanol and 2-ethoxyethanol
were added thereto to give a so0ol comprising a £fine
particle dispersed in a mixed solvent comprising 60% by
weight of ethanol, 35% by weight of 2-ethoxyethanol and
5% by weight of water.

(2) Production of Recording Head and its Evaluation

A first substrate and a second substrate each
comprising a polyethersulfone resin were washed, dried
and jointed to each other through an epoxy adhesive, and
the laminate was heated at 80°C for bonding.

The above-described titania sol was injected by
means of a pump into the recording head while applying
suction. Thereafter, excess sol was removed by empty
suction to apply the sol to the surface of the
polyethersulfone resin. The recording head was dried at
80°C, and the nozzle portion of the tip of the head was
cut. In the recording head thus prepared, an about 3
p#m—-thick film comprising a fine K particle of titanium

This is the replacement sheet

? 0 NOV 1000

Date:



A first substrate and a second substrate each conpri si nidisss @dfyagtg@@ﬁﬁg}),go e
resin were washed, dried and jointed to each other throug ce
adhesive, and the lam nate was heated at 80[err]C for bon m ,
above-described sol was injected by nmedds of a punp into t head
whi | e appl yi ng suction. Thereafter, excess sol was renoved by enpty suction
to apply the sal to the surface of the polyethersul fone resin. The '
recordi ng head was dried at 80[err]C, and the nozzle portion of the tip of

the head was cut. In the recording head thus prepared, an about 400
A-t hi ck f|| g paiti.¢l e I I | oxE d gﬁ% on
t he whol e sur ace o?é?hefgpfang{dagéﬁvﬁ?’c S%lgér%é |S%?§a%o@nt§%t %\I;I\Aw? Jéngl .

Thi s recor ditigctheerme@isi pboncedtaat avithkapeinkecor di ng device, and a
printing test wWagLONMKdLA3ify head was mounted on an ink jet

recording device, and a printing test was conducted. As
a result, neither omission of dot nor disturbance of
printing occurred, and an excellent hydrophilic effect
was confirmed within the head. The ink was withdrawn
from the ink jet recording head, the recording head was
allowed to stand at 70°C for 5 days, and a bubble
discharge test was conducted in the same manner as that
of Example Al. As a- result, it was confirmed that as
with Example Al, the troubles could be completely
eliminated in a suction time of 1 to 5 sec.

Example Bl

(1) Preparation of Sol

A sol comprising a fine particle of Si0O,-Zr0,-Al,04
(Si0,:2r0,:A1,0; = 70:20:10, weight ratio) having a mean
particle diameter of 0.05 um dispersed in a solvent
composed mainly of acetonitrile to a concentration of
0.1% by weight was prepared as follows. The composite
fine particle of silica-zirconia-alumina was prepared by
refluxing ethyl silicate, =zirconium tetrabutoxide and
aluminum tributoxide in octanol, adding acetonitrile and
water thereto and stirring the mixture to conduct
hydrolysis. Then, the reaction mixture containing the
above fine particle was concentrated, and acetonitrile
was added thereto to give a sol comprising a €fine
particle dispersed in a mixed solvent comprising 70% by
weight of acetonitrile, 20% by weight of octanol and 10%
by weight of other solvent.
(2)' Production of Recording Head and its Evaluation

A recording head wherein a film comprising a fine
particle of 810,-2r0,-Al,0;, was formed on the whole
surface of the passage which comes into contact with an

ink was prepared in the same manner as that of Example
A2.

This is the replacement sheet

Date: 2 0 NOY o0



the same manner as that of Exanple Al. The results meTMsst§H |aII the
sane as those of Exanple AlL. Further, no hydrophilic e hayen
when the ink was heated to 70[err]C and circulated thro Iﬂ ”

head for two weeks. Exanmple Cl1 (1) Prepdfation of Sol

19

The recording head thus prepared had the same
printing performance as that in Example A2, and bubbles
formed within the ink passage could be easily removed.
Further, no hydrophilic effect was lost even when the ink
was heated to 70°C and circulated through the recording
head for two weeks.

Example B2

(1) Preparation of Sol

A sol comprising a fine particle of S5i0O,~Zr0,-Na,0
(Si0,:2r0,:Na,0 = 70:25:5, weight ratio) having a mean
particle diameter of 0.02 gm dispersed in a solvent
composed mainly of methanol to a concentration of 2% by
weight waé prepared as follows. The composite £fine
particle dispersed in this sol was prepared by refluxing
methyl silicate, zirconium tetramethoxide and sodium
methoxide in methanol, adding acetonitrile and water and
stirring the mixture to conduct hydrolysis. . Then, the
reaction mixture containing the above fine particle was
concentrated, and ethanol was added thereto to give a sol
comprising a fine particle dispersed in a mixed solvent
comprising 90% by weight of ethanol, 9% by weight of
acetonitrile and 1% by weight of water. '

(2) Production of Recording Head and its Evaluation

A recording head wherein a film comprising a £fine
particle of 5i0,-Zr0,-Na,0 was formed on the whole
surface of the passage which comes into contact with an
ink was prepared in the same manner as that of Example
al.

The recording head thus prepared had the same
printing performance as that in Example Al, and bubbles
formed within the ink passage could be easily removed.
Further, no hydrophilic effect was lost even when the ink
was heated to 70°C and circulated through the recording
head for two weeks.

Example B3

(1) Preparation of Sol
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A silica sol conprising fine particles of silica having a nean par
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wei ght to give a sol. (2) Evaluation of Bonding Streng
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sol prepared in the above item (1) was coated on a flat plate o
pol ysul fone resin (heat deformation tendédrature: 175[err] G, and the
coating was heated and dried at.tenperatures spect%éeggln.Table 1 for
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The results we

e as s
weight was prepared as follows. The fine particle of

zirconium oxide was prepared by dissolving zirconium
tetrabutoxide in butanol, adding acetonitrile, a
cellulose surfactant and water and stirring the mixture
to conduct hydrolysis. The reaction mixture containing
the fine particle of titanium oxide was concentrated, and
ethanol was added thereto to give a sol comprising a fine
particle dispersed in a mixed solvent comprising 895% by
weight of ethanol, 3% by weight of butanol and 1% by
weight of each of acetonitrile and water.
(2) Production of Recording Head and its Evaluation

A first substrate and a second substrate each

comprising a polyethersulfone resin were washed, dried

and jointed to each other through an epoxy adhesive, and
the laminate was heated at 80°C for bonding.

The above-described sol was injected by means of a
pump into the recording head while applying suction.
Thereafter, excess sol was removed by empty suction to
apply the sol to the surface of the polyethersulfone
resin. The recording head was dried at 80°C, and the
nozzle portion of the tip of the head was cut. In the
recording head thus prepared, an about 400 A-thick film
comprising a fine particle of zirconium oxide was formed
on the whole surface of the passage which comes into
contact with an ink.

This recording head was mounted on an ink jet
recording device, and a printing test was conducted in
the same manner as that of Example Al. The results were
substantially the same as thcsé of Example Al. Further,
no hydrophilic effect was lost even when the ink was

heated to 70°C and circulated through the recording head
for two weeks.

Example Cl

(1) Preparation of Sol

wat er .
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Tr eat ment t enp. 130 140 150 160 170 180 T“'S§ epietecang| e
.10 10 10 10 15 heat defor angle
after 75 50 40 20 15 - rubbing in . ink r

30 20 10 15 - rubbing in pure water Fronlthe resu ts, |t
IS apparent that the treatnent at a tenperature of about 160 to 170[err]C
can provide a satisfactory film bondinhdgl&t+ ength.

A silica sol comprising a fine particle of silica
having a mean particle diameter of 0.0l um (Snowtex
manufactured by Nissan Chemical Industries, Ltd.) was
diluted with methanol to a concentration of 1% by weight
to give a sol:

(2) Evaluation of Bonding Strength

The silica sol prepared in the above item (1) was
coated on a £flat plate of a polysulfone resin (heat
deformation temperature: 175°C), and the coating was
heated and dried at temperatures specified in Table 1 for
one hour. The resin plate thus prepared was subjected to
measurement of an initial contact angle of water and a
contact angle of water after rubbing the resin plate 100
times with a silicone rubber in an ink or a pure water.

The results were as shown in Table 1.
Table 1

Treatment temp. 130{140|150{160{170 180

Initial contact angle| 10 | 10 | 10 | 10 | 15 |heat
deformation

Contact angle after 75 | 50 | 40 | 20 | 15 -
rubbing in ink

Contact angle after 40 | 30| 20 |10 {15 -
rubbing in pure water

From the results, it is apparent that the treatment
at a temperature of about 160 to 170°C can provide a
satisfactory £ilm bonding strength.

As is apparent from the resulté of Example Al, the
film subjected to a treatment at a temperature of 80°C
had a strength satisfactory for practical use. It is
surprising that the £ilm strength can be improved by a
treatment at a temperature of about 160 to 170°C.

{3) Evaluation of Performance of Recording Head

A first substrate and a second substrate each
comprising a polysulfone resin were washed and dried, and
these substrates comprising a polysulfone resin were
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As is apparent fromthe results of Exanple Al then.ﬁgéﬂpeﬁqu[_gereh 'E‘?e
or

.treatment at a tenperature of 80[err]C had a strengt

practical use. It is surprising that the f|In1stre$Hﬂﬂl roved by
a treatnment at a tenperature of about 160 to 170[err i on of
Per f ormance of Recordi ng Head A first substrate and a second substrate

each conprising a polysul fone resin werk washed and dried, and these

substrates %8ngrelc15|tn gaggl %%:%lefront%{c?ggl;h 2*'Solvent cement, and the
resultant laminate was heated at 80°C for bonding.
Thereafter, the nozzle portion of the tip of the head was
cut. )

The above-described silica sol was injected by means
of a pump into the recording head while applying suction
to coat the sol on the surface of the polysulfone resin.
The recording head was dried at 80°C and then heat-
treated at 160°C for one hour. In the recording head
thus prepared, an about 800 A-thick film comprising a
fine particle of silicon oxide was formed on the whole
surface of the passage which comes into contact with an
ink.

This recording head was mounted on an ink Jjet
recording device, and a printing test was conducted. As
a result, neither omission of dot nor disturbance of
printing occurred, and an excellent hydrophilic effect
was confirmed within the head. The ink was withdrawn
from the ink jet recording head, the recording head was
allowed 'to stand at 70°C for 5 days, and a bubble
discharge test was conducted. Specifically, an ink was
sucked at a suction rate of 0.1 ml/sec for a given period
of time, and printing was then conducted to determine a
time taken for the bubbles remaining within the passage
to be completely discharged and troubles such as omission
of dot and disturbance of printing to be eliminated. As
a result, these troubles could be completely eliminated
in a suction time of 1 to 5 sec. Thus, it was confirmed
that the hydrophilic effect was maintained without
deterioration and the bubbles formed within the ink
passage could be easily removed by a simple discharge
operation.

Example C2

(1) Preparation of Sol

An alumina sol comprising a fine particle of alumina
having a mean particle diameter of 0.02 um (Alumina Sol
520 manufactured by Nissan Chemical Industries, Ltd.) was
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.. i This heet I
20 joined to each other through a solvent cenent, and Placed
lam nate was heated at 80[err]C for bonding. Thereafter HH ortion
S

of the tip of the head was cut. The above-descri bed

i njected by nmeans of a punp into the recording head whil e applying suction
to coat the sol on the surface of the polysulfone resin. The recordin
was dried at 80[err]C and then heat- tr2bted at 160[err]C for one hour.

In th ' h : t5g cky i
]SSR St S o o

of the passtgegiMech EdAuse 503 .contact with an ink

conpri sing

(2) Evaluation of Bonding Strength

The alumina sol prepared in the above item (1) was
coated on a flat plate of a polycarbonate resin (heat
deformation temperature: 135°C), and the coating was
heated and dried at temperatures specified in Table 1 for
one hour. The resin plate thus prepared was subjected to
measurement of an initial contact angle of water and a
contact angle of water after rubbing the resin plate 100
times with a silicone rubber in an ink or a pure water.
The results were as shown in Table 2.

Table 2

Treatment temp. 90 |100{110)120|130 140

-Initial contact angle| 10 | 15| 15} 20 | 20 |heat
deformation

Contact angle after 40 | 30 {2520 | 20 -
rubbing in ink

Contact angle after 75 |75 | 40 | 30 | 20 -
rubbing in pure water

From the results, it is apparent that the treatment
at a temperature of about 120 to 130°C can provide a
satisfactory £film bonding strength.

As is apparent from the results of Example A2, the
film subjected to a treatment at a temperature of 80°C
had a strength satisfactory for practical use. It is
surprising that the £ilm strength can be improved by a
treatment at a temperature of about 120 to 130°C.

(3) Evaluation of Performance of Recording Head

A first substrate and a second substrate each
comprising a polysulfone resin were washed and dried, and
the portions to be bonded were masked by taping, resist
or the like. The above-described sol was coated on the
surface of the polycarbonate resin by dipping or spin
coating. The coating was maintained at 125°C for one
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recording head thus prepared, an about 0.4 um-thick film
comprising a fine particle of alumina was formed on the
whole surface of the passage which comes into contact
with an ink.

This recording head was mounted on an ink Jjet
recording device, and a printing test was conducted. As
a result, neither omission of dot nor disturbance of
printing occurred, and an excellent hydrophilic effect
was confirmed within the head. Printing was continuously
conducted at room temperature for 1000 hr. ©No printing
failure was observed, and a good long-term reliability
could be attained. The ink was withdrawn from the ink
jet recording head, the recording head was allowed to
stand at 70°C for 5 days, and a bubble discharge test was
conducted. Specifically, an ink was sucked at a suction
rate of 0.1 ml/sec for a given period of time, and
printing was then conducted to determine a time taken for
the bubbles remaining within the passage to be completely
discharged and troubles such as omission of dot and
disturbance of printing to be eliminated. As a result,
these troubles could be completely eliminated in a
suction time of 1 to 5 sec. Specifically, it was
confirmed that the hydrophilic effect was maintained
without deterioration and the bubbles formed within the
ink passage could be easily removed by a simple discharge
operation.

Example C3

(1) Preparation of Sol

A zirconia sol comprising zirconium oxide having a
mean particle diameter of 0.07 - um (Zirconia Sol NZA-20A
manufactured by Nissan Chemical Industries, Ltd.) was
diluted with methanol to a concentration of 1% by weight
to give a dilute sol.
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sage, coul d be easily

deterioration and the bubbles fornmed within the ink pg

.renoved by a sinple discharge operation. Exanple C2 (1? ndReptcedSol
An al um na sol conprising fine particlesof alumna haj' ticle
dianeter of 0.02 [err]m (Al um na Sol 520 manufactured ca

| ndustries, Ltd.) was 23 21

(2) Evaluation of Bonding Strength

The sol prepared in the above item (1) was coated on
a flat plate of a polyethersulfone resin (heat
deformation temperature: 203°C), and the coating was
heated and dried at temperatures specified in Table 1 for
one hour. The resin plate thus prepared was subjected to
measurement of an initial contact angle of water and a
contact angle of water after rubbing the resin plate 100
times with a silicone rubber in an ink or a pure water.
The results were as shown in Table 3.

Table 2

Treatment temp. 1601170180{190{200 210

Initial contact angle| 20 | 25| 25 | 30 | 30 |heat
deformation

Contact angle after 40 | 35|25 ] 30| 30 -
rubbing in ink

Contact angle after 40 {35130 (30130 -
rubbing in pure water

From the results, it is apparent that the treatment
at a temperature of about 170 to 200°C can provide a
satisfactory £film bonding strength.

As is apparent from -the results of Example B3, the
£ilm subjected to a treatment at a temperature of 80°C
had a strength satisfactory for practical use. It is
surprising that the f£ilm strength can be improved by a
treatment at a temperature of about 170 to 200°C.

(3) Evaluation of Performance of Recording Head

A first substrate and a second substrate each
comprising a polyethersulfone resin were washed and dried
and then jointed to each other through an epoxy adhesive,
and the laminate was heated at 80°C for bonding.

The above-described sol was injected by means of a
pump into the recording head while applying suction to
coat the sol on the surface of the polyethersulfone
resin. The recording head was dried at 80°C and further.
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dilute 0 concentration of 0.2%by weight to give a dilute
sol . ﬁw@hé&r@&ﬁ Y e%onding Strength The al um na sol prepared in
t he abo coated on a flat plate of a pol ycarbonate resin
(heat erature: 135[erﬂj@ and the coating was heated and
dried at tenperatures specified in Table ™1 for one hour. The resin plate

t hus prepared was subjected to neasurenent of an initial contact angle of
water and a contact angle of water after rubbing the resin plate 100

times with a silicone rubber in an ink or a pure water. The results were

as shown in Table 2. Table 2
maintained at 170°C for one hour. Thereafter, the nozzle

portion of the tip of the head was cut. 1In the recording
head thus prepared, an about 0.2 gm~-thick £ilm
comprising a fine particle of =zirconium dioxide was
formed on the whole surface of the passage which comes
into contact with an ink. :

This recording head was mounted on an ink Jet
recording device, and a printing test was conducted in

the same manner as that of Examples Cl and C2. the
.results were substantially the same as those of Examples
Cl and C2.
Example D1

(1) Preparation of Sol

A silica sol comprising a fine particle of silicon
dioxide having a mean particle diameter of 0.0l pm
dispersed in a solvent composed mainly of methanol to a
concentration of 1% by weight was prepared in
substantially the same manner as that of Example Al.

The temperature for removing physically adsorbed
water in this silica sol was 150°C as measured by a
differential thermal analysis.

(2) Evaluation of Bonding Strength

The sol prepared in the above item (1) was coated on
a flat plate of a polysulfone resin, and the coated resin
was heat-treated under conditions of temperatures and
times specified in Table 4. Thus, a 1000 A-thick silicon
dioxide film was formed on the resin plate, and the
contact angle of the film was 10°. The film strength was
evaluated by a water flow test wherein the film is washed
with water running at a rate of 10 m/sec for 10 min, and.
a tape peeling test wherein whether or not the film is
peeled off by means of a tape (Scotch Tape (trade name)
manufactured by Sumitomo 3M) is observed. The results
are given in Table 4.
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Treatnent te _ 190 100 110 120 130 140 Initial contact

_angl e 1Bhis erbat
defornatl gle after 40 30 25 20 20 - r ubbi ng
in ink after 75 752440 30 20 - rubbing in
pure mater ron1the results, it is apparent that the treatnent at a
tenperature of about 120 to 130[err]C can provide a satisfactory film
bondi ng strength. As is apparent fromthe results of Exanple A2, the
Table 4

Heating temp. 130 140 {1504 150 {160

Heating time 1 1 1 3 1

Thickness of £ilm 200 200 {800}1000]1000

after washing with
running water (A)

Contact angle 20 20 10| 10 | 10
Tape peeling peeled|peeled{200|1000{1000
Contact angle - - 20 10 10

From the results, it is apparent that the treatment
at a temperature of about 150 to 160°C can provide a
satisfactory film bonding strength. _

As is apparent from the results of Example Al, the
film subjected to a treatment at a temperature of 80°C
had a strength satisfactory for practical use. It 1is
surprising that the £ilm strength can be improved by a
treatment at a temperature of about 150 to 160°C.

(3) Evaluation of Performance of Recording Head

A first_'substrate and a second substrate each
comprising a polysulfone resin were washed and dried, and
these substrates comprising a polysulfone resin were
joined to each other through a solvent cement, and the
resultant laminate was heated at 80°C for bonding.
Thereafter, the nozzle portion of the tip of the head was
cut.

The above-described silica sol was injected by means
of a pump into the recording head while circulating to
coat the sol on the surface of the polysulfone resin.
The recording head was dried at 80°C and heat-treated at
160°C for one hour. 1In the recording head thus prepared,
an about 800 A-thick film comprising a fine particle of
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-sati sf tlcal use. It is surprising that the filmstrength
can be treatnent at a tenperature of about 120 to 130[err]C
(3) Evaluatlon o erfornance of Recordi ng Head A first substrate and a
second substrate each conprising a polysulfone resin were washed and dri ed,
and the portions to be bonded were neskéd by taping, resist or the like.
The above-desgri bed spl was coat ed n t he surface_of the_pol ycarbonate
resin by dEpprAGRorC¥piR *&ft i h§TMe¥heRodtiSg¥ g?ﬁg'erra?‘h’fggﬂ%dog ggg[err] C

for one passage which comes into contact with an ink.

fllnﬂéﬂq ﬁ@dBeewaemmﬁatnent at a tenperature of 80[err]C had a strength
i

This recotding head was mounted on an ink jet
‘'recording device, and a printing test was conducted. Aas
a result, neither omission of dot nor disturbance of
printing occurred, and an excellent hydrophilic effect
~was confirmed within the head. The ink was withdrawn
from the ink jet recording head, the recording head was
allowed to stand at 70°C for 5 days, and a bubble
discharge test was conducted. Specifically, an ink was
sucked at a suction rate of 0.1 ml/sec for a given period
of time, and printing was then conducted to determine a
time taken for the bubbles remaining within the passage
to be completely discharged and troubles such as omission
of dot and disturbance of printing to be eliminated. As
a result, these troubles could be completely eliminated
in a suction time up to 30 sec. Thus, it was confirmed
that the hydrophilic effect was maintained without
deterioration and the bubbles formed within the ink
passage could be easily removed by a simple discharge
operation.

Example D2
(1) Preparation of Sol

A sol comprising a fine particle of alumina in a rod
form {(Alumina Sol 520 manufactured by Nissan Chemical
Industries, Ltd.) was diluted with ethanol to a
concentration of 0.2% by weight to give a dilute sol.

The temperature necessary for removing physically
adsorbed water in this alumina sol was 120°C as measured
by a differential thermal analysis.

{2) Evaluation of Bonding Strength

The sol prepared in the above item (1) was coated on
a flat plate of a polycarbonate resin, and the coated
resin was heat-treated under conditions of temperatures
and times specified in Table 5. Thus, a 1 pm-thick
alumina film was formed on the resin plate, and the
contact angle of the £films was 15° to 20°. The film
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22 hdlF Sﬁhequaamaeaned and these substrates were jointed to
.each ot ‘ni sol vent cenent. The | am nate was heated at 80[err]C
for bon r, the nozzle portion of the tip of the head was cut.
In the recordlng t hus prepared, an about 0.4 [err]mthick film

conpri sing fine partlclesof al um na was fornmed on the whol e surface of

t he passage which conmes into contact -wi26h-an ink. - Thi s recordi ng head
was nounted on an ink jet recording device, and a printing test was

conduct ed. g¢Aendthedd - e081hABEAOHSSh ORa®lerdOf 140" take! WrEN&e tabe
peeling test in the same manner as that of Example Dl.
The results are given in Table 5.

Table 5

- Heating temp. 110 120 (120}1201{ 130
Heating time 6 1l 3 6 1
Thickness of film < 0.1} 0.2 |(0.5{ 1 1

after washing with

running water (um)
Contact angle _ 30 20 20| 20 20
Tape peeling peeled{< 0.1 | 1 1 1
Contact angle - 30 20 | 20 20

From the results, it is apparent that the treatment
at a temperature of about 120 to 130°C can provide a
satisfactory film bonding strength.

As is apparent from the results of Example A2, the
film subjected to a treatment at a temperature of 80°C
had a strength satisfactory for practical use. It is
surprising that the f£ilm strength can be improved by a
treatment at a temperatﬁre of about 120 to 130°C.

(3) Evaluation of Performance of Reéording Head

A first substrate and a second substrate each
comprising a polycarbonate resin were washed and dried,
and the portions to be bonded were masked by taping,
resist or the like. The above-described alumina sol was
coated on the surface of the polycarbonate resin by
dipping or spin coating. The coating was maintained at
120°C for 6 hr to remove physically adsorbed water ang,
at the same time, to immobilize alumina particles. The
mask was removed, and these substrates comprising a
polycarbonate resin were joined to each other through a
solvent cement, and the resultant laminate was heated at
80°C for bonding. Thereafter, the nozzle portion of the
tip of the head was cut. In the recording head thus
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prlntln ceth excel | ent hydrophilic effect was confirnmed wthin
-the hea #ﬂ- continuously conducted at roomtenperature for 1000
re was observed, and a good long-termreliability
could be attalned The ink was withdrawn fromthe ink jet recordi ng head,
the recording head was allowed to stand at 70[err]C for 5 days, and a
bubbl e di scharge test was conducted. - Sﬂécifically an i nk was sucked at a

t te of 0.1 m/sec f i d.of t t
Then conduBFERRES e nARR S (TrE ARATITH  ThUPbETIOEs Tt Al g ¢ hi n

t he passag@atrd iled ec copl atlah:)indi sedmr Gedmadd di othéesshsuleh ssrbacesicdn of
troubl es. ol Be R BHist, Ge iereh To EReEr B 28 HRYor 1 to s
sec. Speci f i Gdlilsy, relqondasug:orhxfeialdnedlatswatnqwme}dydmphlaln c 1elﬂ<f ectetwas
maintainecjrecording device, and a printing test was conducted. As
a result, neither omission of dot nor disturbance of
printing occurred, and an excellent hydrophilic effect
was confirmed within the head. Printing was continuously
conducted at room temperature for 1000 hr. No printing
failure was observed, and a good long-term reliability
could be attained. The ink was withdrawn from the ink
jet recording head, the recording head was allowed to
stand at 70°C for 5 days, and a bubble discharge test was
conducted. As a result, no trouble such as omission of
dot or disturbance of printing occurred. Thus, it was
confirmed that the hydrophilic effect was maintained
without deterioration and the bubbles formed within the
ink passage could be easily removed by a simple discharge
operation.
Example D3

(1) Preparation of Sol

A sol comprising a fine particle of zirconia having
a mean particle diameter of 0.02 um dispersed in a
solvent composed mainly of ethanol to a concentration of
0.05% by weight was prepared in the same manner as that
of Example B3.

The temperature for removing physically adsorbed
water in this sol was 170°C as measured by a differential
thermal analysis. .

-. (2) Evaluation of Bonding Strength

The sol prepared in the above item (1) was coated on
a flat plate of a polyethersulfone resin, and the coated
resin was heat~treated under conditions of temperatures
and times specified in Table 6.- Thus, a 2 gm-thick film
was formed on the resin plate, and the contact angle of
the films was 20° to 25°. The £ilm strength was
evaluated by a water flow test and a tape peeling test in
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wi t hout” -deteri orati on and t he bubbles fornmed within the ink passage coul d
.be eas |s%eétmmmaﬁ:@e§| mpl e di scharge operation. Exanple C3 (1)

Prepara A zirconia sol conprising zirconium oxi de having a
mean pa of 0.07 [err]m @8 rconia Sol NZA-20A manuf actured by
Ni ssan ndustries, Ltd.) was diluted with nethanol to a

concentratlon of 1% by melght to give a dilute sol

the same manner as that of Example D1. The results are
given in Table 6.

Table 6

Heating temp. 150 160 |170{170 | 180
Heating time 1 1 1 3 1
Thickness of film < 0.1|<0.1]1 2 2
after washing with
running water (um)

Contact angle 40 30 25| 25 | 25
Tape peeling peeled|peeled| 2 2 2

Contact angle - - 257 25 25

From the results, it is apparent that the treatment
at a temperature of about 170 to 180°C czn provide a
satisfactory film bonding strength.

As is apparent from the results of Example B3, the
£ilm subjected to a treatment at a temperature of 80°C
had a strength satisfactory for practical use. It is
surprising that the film strength can be improved by a
treatment at a temperature of about 170 to 180°C.

(3) Evaluation of Performance of Recording Head

A first substrate and a second substrate each
comprising a polyethersulfone resin were washed and
dried, and these substrates comprising a polyethersulfone
resin were joined to each other through an epoxy
adhesive, and the resultant laminate was heated at 80°C
for bonding.

The above-described sol was injected by means of a
pump intoc the recording head while circulating to coat
the sol on the surface of the polyethersulfone resin.
The recording head was dried at 80°C and then heat-
treated at 180°C for one hour. Thereafter, the nozzle
portion of the tip of the head was cut. In the recording
head thus prepared, an about 400 A-thick film comprising
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2 Evaluatreh”of Bondrng Strength The sol prepared in the above

-|te'Fh'§ laged a flat plate of a polyethersulfone resin
(heat nperature: 203[err]C), and the coating was heated and
dried s specified in Table 1 for one hour. The resin plate

t hus prepared was subjected to neasurenent of an initial contact angle of
water and a contact angle of water afteﬁ rubbi ng t he resin plate 100 tines

with a silicane rubber, i.,n an_ink_or pu e er. T e r Its meEe as shown
in Tabl e 38 f£ine particle of Zr0, w§§b| on t e surface

of the passage which comes into contact with an ink.
This recording head was mounted on an ink Jjet
recording device, and a printing test was conducted in

the same manner as that of Examples D1 and D2. The
results were substantially the same as those of Examples
D1 and D2.
Example El

(1) Preparation of Sol

A fine particle of silicon dioxide having a mean
particle diameter of 0.01 gm (AEROSIL 200 manufactured
by Nippon ARAerosil Co., Ltd.) was dispersed in a mixed
solvent comprising 50% by weight of ethanol and 50% by
weight of 2-ethoxyethanol to a concentration of 1% by

. weight. To the dispersion was added 0.1% by weight of
aminosilane (SILA-ACE S330 manufactured by Chisso
Corporation) as a silane coupling agent.

(2) Production of Recording Head and its Evaluation

A first substrate and a second substrate each
comprising a polysulfone resin were washed and dried, and
these substrates comprising a polysulfone resin were
joined to each other through a solvent cement, and the
resultant laminate was heated at 80°C for bonding.

The above-described silica sol was injected by means
of a pump into the recording head while applying suction,
and excess sol was then removed by empty suction. The
recording head was dried at 80°C, and the nozzle portion
of the tip of the head was cut. In the recording head
thus prepared, an about 1 um-thick £ilm comprising a
fine particle of silicon dioxide was formed on the whole
surface of the passage which comes into contact with an
ink.

This recording head was mounted on an ink Jjet
recording device, and a printing test was conducted. As
a result, neither omission of dot nor disturbance of
printing occurred, and an excellent hydrophilic effect
was confirmed within the head. The ink was withdrawn
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Tr eat’ R eM&ﬁpBe 160 170 180 190 200 210 Initial contact angle
20 25
def or @f\ tangle after 40 35 25 30 30 - r ubbi ng
in ink le after 40 3530 30 30 - rubbing in
pure water Fromthe results, it is apparent that the treatnent at a
tenperature of about 170 to 200[err]C can provide a satisfactory film

bondi ng strength. As is apparent fromthe results of Exanple B3, the

from the ink jet recording head, the recording head was
allowed to stand at 70°C for S5 days, and a bubble
discharge test was conducted. Specifically, an ink was
sucked at a suction rate of 0.1 ml/sec for a given period
. of time, and printing was then conducted to determine a
time taken for the bubbles remaining within the passage
to be completely discharged and troubles such as omission
of dot and disturbance of printing to be eliminated. As
a result, these troubles could be completely eliminated
in a suction time of 1 .to 5 sec. Specifically, it was
confirmed that the hydrophilic effect . was maintained
without deterioration and the bubbles formed within the
ink passage could be easily removed by a simple discharge
operation.
Example E2

(1) Preparation of Sol

A sol comprising a fine particle of alumina in a rod
form having a mean particle diameter of 0.02 um (Alumina
Sol 520 manufactured by Nissan Chemical Industries, Ltd.)
was diluted with methanol to a concentration of 0.5% by

. weight to give a dilute sol. To the dispersion was added

0.05% by weight of aminosilane (SH6020 manufactured by
Toray Silicone Co., Ltd.) as a silane coupling agent.
(2) Production of Recording Head and its Evaluation

The above-described alumina sol was injected by
means of a pump while applying suction into a recording
head comprising a first substrate which comprises a
stainless steel plate having a pattern groove comprising
an acrylic photocuring resin for an ink passage and a
second substrate comprising glass and chromium sputtered
thereon, and excess sol was then removed by empty
suction. The recording head was dried at 140°C. 1In the
recording head thus prepared, an about 800 A-thick film
comprising a fine particle of alumina was formed on the
whole surface of the passage which comes into contact
with an ink.
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mems &géed to a treatnment at a tenperature of 80[err]C had a strength
_sat pextti cal use. It is surprising that the filmstrength
can ”ﬁ[j’ a treatnment at a tenperature of about 170 to 200[err]C
(3) Per f ormance of Recordi ng Head A first substrate
and a second substrate each conprising a polyethersulfone resin were

washed and dried and then jointed to edh other through an epoxy adhesi ve,

and the Ianinat was heat e r].C for_bondi
above- descr i bed %C?’ﬁjgb%? eg’%?/é meitd JPOU e c&p Pt £ helr}kecojr%“f ng head
whi | e applyem@rébngldavucecoamdﬂaapnﬂntnngrmesUrWasecomdmheed As

pol yet her syl f.ne 1€Si e ;THe 7 ©6R54L88nNCAE VB driced 81sBRLBRRES a0¢

further
printing occurred, and an excellent hydrophilic effect

was confirmed within the head. The ink was withdrawn
from the ink jet recording head, the recording head was
allowed to stand at 70°C for 5 days, and a bubble
discharge test was conducted in the same manner as that
of Example Al. Specifically, an ink was sucked at a
suction rate of 0.1 ml/sec for a given period of time,
and printing was then conducted to determine a time taken
for the bubbles remaining within the passage to be
completely discharged and troubles such as omission of
dot and disturbance of printing to be eliminated. As a
result, these troubles could be completely eliminated in
a suction time of 1 to 5 sec. Specifically, it was
confirmed that the hydrophilic effect was maintained
without deterioration and the bubbles formed within the
ink passage could be easily removed by a simple discharge
operation.

Example E3

(1) Preparation of Sol

A sol comprising a fine particle of zirconium oxide
having a mean particle diameter of 0.07 um (Zirconia Sol
N%4S~20A manufactured by Nissan Chemical Industries, Ltd.)
was diluted with a solvent composed mainly of methanol to
a concentration of 0.02%¢ by weight, and 0.02% by weight
of y-glycidoxypropyltrimethoxysilane was added thereto as
« silane coupling agent.

(2) Production of Recording Head and its Evaluation

The above-described zirconia sol was injected by
means of a pump while applying suction into a recording
head comprising a first substrate which comprises a glass
plate having a pattern groove comprising an acrylic
photocuring resin for an ink passage and a second
substrate comprising silicon and ITO sputtered thereon,
and excess sol was then removed by empty suction. The
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24 maintainéd at 170{err]C for one hour. Thereafter, the nozzle portion of
t he ThipSkdet HacBd® RSy CUt . I n the recording head thus prepared, an

about ick filmconprising fine particles of zirconium
di oxid Hlﬂgﬂmﬂgn t he whol e surface_of the passage which cones into
cont act ] Thi s recordin§2head was nounted on an ink jet
recordi ng device, and a printing test was conducted in the sanme manner as

that of Exanples Cl and C2. t he

recording head was dried at 120°C. 1In the recording head
thus prepared, an about 0.2 um-thick film comprising a
fine particle of zirconia was formed on the whole surface
of the passage which comes into contact with an ink.

This recording head was mounted on an ink jet
recording device, and a printing test was conducted. As
a result, neither omission of dot nor disturbance of
printing occurred, and an excellent hydrophilic effect
was confirmed within the head. The ink was withdrawn
from the ink jet recording head, the recording head was
allowed to stand at 70°C for 5 days, and a bubble
discharge test was conducted in the same manner as that
of Example Al. Specificélly, an ink -was sucked at a
suction rate of 0.1 ml/sec for a given period of time,
and printing was then conducted to determine a time taken
for the bubbles remaining within the passage to be
completely discharged and troubles such as omission of
dot and disturbance of printing to be eliminated. As a
result, these troubles could be completely eliminated in
a suction time of 1 to 5 sec. Specifically, it was
confirmed that the hydrophilic effect was maintained
without deterioration and the bubbles formed within the

ink passage could be easily removed by a simple discharge
operation.
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resul t ghivg a fmfff the sane as those of Exanples Cl1 and C2. Exanple
D1 (1) 5r heeth ?§£a1 = Fg A silica sol conprising fine particl esof
silicon (ﬁﬂﬂ B a nmean particle dianeter of 0.01 [err]mdispersed in

a sol vent |y of methanol t83a concentration of 1% by wei ght
was prepared in substantially the same manner as that of Exanple Al.

The tenperature for renoving physically adsorbed water in this silica sol
was 150[err] C as neasured by a differential thermal analysis. (2)

Eval uati on of Bonding Strength The sol prepared in the above item (1)
was coated on a flat plate of a polysglffpe. resin, and the coated resin was

heat -treat ed under condjtions of tenperatuares and
1. An ink passage having a surface which has a film

comprising a fine particle of an inorganic oxide having a
hydrophilic group.

2. - An ink passage according to claim 1, wherein the
fine particle of an inorganic oxide is composed mainly of
an oxide of at least one element selected from aluminum,
zirconium, silicon, titanium, tin, indium, =zinc, 1lead,
germanium, hafnium, chromium, copper, 4iron, cobalt,
nickel, manganese, vanadium, niobium, tantalum and
molybdenum.

3. An ink passage according to claim 1, wherein the
fine particle of an inorganic oxide has a mean particle
diameter of 50 A to 10 um.

4. An ink passage according to claim 1, wherein the
film comprising a fine particle of an inorganic oxide has
a thickness of 50 & to 10 um.

5. An ink passage according to claim 1, which
comprises a base material comprising a resin, silicon,
glass, a ceramic or a metal or its composite material.

6. An ink passage according to any one of claims 1
to 5, wherein the passage is an ink jet recording head.

7. A process for producing an ink passage according
to any one of claims 1 to 5, comprising the steps of
coating a sol comprising a fine particle of an inorganic
oxide dispersed therein on a base material and drying the
resultant coating.

8. A process for producing an ink passage according
to claim 6, wherein the drying is conducted by heating
) O A R T
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ti mesTHpsd ed in Tabl'e=4. Thus, a 1000 [err]-thick silicon dioxide film

was for mﬂeﬁh&opl ate, and the contact angle of the filmwas

10[ err] ngth was evaluated by a water flow test wherein the
filmis ter running at a rate of 10 misec for 10 mn, and a

t ape peeling test rein whether or ngg the filmis peeled off by means of

a tape (Scotch Tape (trade nane) manufactured by Sumtono 3M is observed.
The results are given in Table 4

the coating to at 1least a temperature necessary for
removing physically adsorbed water.

9. A process for producing an ink passage according
to claim 5, wherein after coating the sol comprising a
fine particle of an inorganic oxide dispersed therein on
the base material, the coating is heated to a heat
deformation temperature of the base material.

10. A process for producing an ink passage according
to claim 8, wherein the sol further comprises a coupling
agent.

11. A process for producing an ink passage according

to claim 8, wherein the solvent as a dispersing medium is
composed mainly of an organic solvent.
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.25 Tabl e 4 Heati ng tenp. 130

140 THISShekPf, %6 - Tseating time ' 1 1 1 3 1

Thi ckn Replaced' 200 200 800 1000 1000 after washing with
runni nz IMI I Cont act angl e 20 20 10 10 10
Tape p peel ed peel ed 200 335000 1000

HYDROPHILIC INK PASSAGE

ABSTRACT

The present invention relates to an ink passage
having surface which has a film comprising a fine
particle of an inorganic oxide having a hydrophilic
group.

The surface of the ink passage according to the
present invention has a high hydrophilicity and can
rapidly remove bubbles formed within the ink passage.
The recording head according to the present invention
need not conduct £illing of a liquid in the course of
transportation and can be transported in an empty state.

FIGURE 3.
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“Contact angle - 20 10 10 Fromthe results, it
is apparent that the treatnent at a tenperatur'e of about 150 to 160[err]C
can provide a satisfactory filmbonding strength. As is apparent from
the results of Exanple Al, the film subjected to a treatnment. at a
tenperature of 80[err]C had a strength iatisfactory for practical use. It
is surprising that the filmstrength cam be inproved by a treatnent at a
tenperature of about 150 to 160[err]C. (3) Evaluation of Perfornmance of
Recor di ng Head A first substrate and a second substrate each conprising
a polysul fone resin were washed and dried, and these substrates conprising

a pol ysul fone resin were
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joined to each other through a solvent cenent, and_the resultant |aminate
was heated at 80[err]C for bonding. Thereafter, }he M@%;h@*@@ﬁ&h@ﬁ;ﬁ% tng
tip of the head was cut. The above- descrlbed sHl: T&Qilwﬂsﬁtmjecgg
means of a punp into the recording Read while C|ng '
on the surface of the polysulfone resin The rec’nd’ gw

80[err] C and heat-treated ﬂéﬁ?: ?1 Y .mt e f
t hus prepared, an about 80 errf-t |ck f|In1co#pr|S|ng“' Mﬁ?qﬁ
BACKGROUND OF THE INVENTION 3 '{\."f"’ "-. T3 WET T ’ﬂ'pf "(7

AR XS S

Technical Field e ——.
- The present invention relates to an ink passage

having a hydrophilic surface, for example, an ink jet
recording head wherein the portion which contacts with an
ink is hydrophilic.

Background Art

In an ink Jjet recording method, bubbles formed

within an ink passage . cause problems | . such as
omission of dots or disturbance of printing. Therefore,
the £illing of - ink should be conducted in such a
manner that no bubble forms within the ink passage. It
is- preferred for bubbles,"

?
removed through a discharge operation.

once formed,to be rapidly

In many cases, however, it is difficult to discharge
bubbles formed within the passage. This 1i1s considered
attributable to a poor wettability of the surface of the
ink passage with a water-based ink due to a high water
repellency of the surface of the ink passage which
contacts with an ink. In particular, when a resin which
can advantageously lower the production cost by virtue of
its ease-. .. of processing and fabrication in comparison
with glass and metals is used as an ink passage material
including a recording head, the water repellency of the
resin is so high that the formed bubbles are scarely
discharged.

For this reason, several proposals have been made for
a method of enhancing the hydrophilicity of the internal
surface of the ink passage. For example, there is a
method wherein a polar group is formed on the surface of
a resin constituting an ink passage by an acid treatment,
a plasma treatment, etc. to impart a hydrophilicity to
the surface of the resin (Japanese Patent Laid-Open
Publication No. 24857/1985). This method, however, had a
problem that the formed polar group is poor in
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26 silicon oxide was forned on the whole surface of the passage which
cones into contact with an ink. Thi s recordi ng head was nounted on an
ink jet recording device, and a printing test was conducted. As a result,
nei ther onission of dot nor distupbance of printing occurred, and an
excel l ent hydrophilic effect was confirmed within the head. The ink was

Wi t hdr awn gemsdthendak | etFurageidi nghleadcnkhephasagdi ngaleagh vegeal | oned

to stand 70{ er.r]C for, 5 days,.and bubbl e di scharge test, was conduct ed.
Speci fi cal tya,m{an%lo k %%Owckéﬁré?ga c&chr‘B‘ﬁ riR e BfSBRenWikdt PBr nlgi ven

peri od of fiildeineand fivd nt pagsage ,t hebheondactedtt 0 det erimperaing  the
hydrophilic nature is lost. Therefore, when a recording
head is produced, stored or transported, it is necessacy to
£ill a 1liquid, e.g. an ink, for maintaining the polar
group. The filling operation of the ink or other liquid
during storage or transportation is troublesome. In
addition to the above methods, a method wherein a dye is
previously brought into contact with the ink passage with
heating to make the surface of the passage compatible with
the ink is known 'in the art (Japanese Patent Publication
No. 54784/1990). However, this method as well has a
problem of the persistence of the effect. Further, in some
cases, the heating unfavorably gives rise to an eahancement
in the water repellency of the resin. A suggestion to coat
an ink passage with a hydrophilic substance is made in
Japanese Patent Publication No. 55-156073.

Accordingly, an object of the present invention is to
provide an ink passage having a hydrophilic surface.

Another object of the present invention is to provide an
ink passage wherein formed bubbles can be rapidly removed.

A further object of the present invention is to provide
an ink passage, especially an ink jet recording head, which
can maintain a good hydrophilicity even when the inside of the

_ head is emptied in a period between the production and the use
of the head or during interruption of the use.

According to the present invention there is provided an
ink passage having a surface which has a hydrophilic film,
characterised in that the film comprises fine particles of an
inorganic oxide having a hydrophilic group, said fine
particles being bonded to each other and being present in said
film in a size and amount which imparts sufficient
hydrophilicity to the surface to cause rapid discharge of
bubbles formed within the ink passage.

The present invention also provides a process for coating
a base material of an ink passage, said process being
characterised by the steps of (a) coating a sol comprising
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time taken for the bubbles remaining within the passage to be conpletely

di scharged and troubl es such as om ssion of dot and di sturbance of printing
to be elimnated. As a result, these troubles could be conpletely
elimnated in a suction tinme up to 30 sec. Thus, it was confirnmed that the
hydrophilic effect was maintai ned without deteriogration and the-bubbles
formed wthin the ink passage coul & be easily renopved by a sinple discharge
operation. Exanple D2 (1) Preparation of Sol A sol conprising fine
parti cl esbinal pairhaclasaofodnf dmorganind nax Sié - §28peuseflactivesteiby Missan

Chomt cal dREShELES nakldhik Gttt 65 Wt chN2agl1kant. COnsany at#&& of

0.2% by wei ght to give t enper at ure necess
renovi ng PRYysi ré‘y;yg the resultant coating, said fine partlcles

comprising an inorganic oxide having a hydrophilic group and
being bonded to each other and being present in said coating
in a size and amount which imparts sufficient hydrophilicity
to the base material to cause rapid discharge of bubbles
formed within the ink passage.
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adsorbed water in this alumna sol was 120[err] C as neasured by a
differential thermal analysis. (2) Evaluation of Bonding Strength The
sol prepared in the above item (1) was coated on a flat plate of a

pol ycarbonate resin, and the coa#ed resin was heat-treated under conditions
of tenperatures and tinmes specified in Table 5. Thus, a1

angl ¢ of the 11 Lms nasBRbEe PECRE A OF £E8 Beflyds and the contact
Fig. 1 is a schematic view of an ink jet recording
head;
Fig. 2 is an enlarged cross section taken on line A-
A' of Fig. 1l; and
Fig. 3 is an enlarged view of the vicinity of a

passage of an ink jet recording head according to the

present invention.
DETAILED DESCRIPTION OF THE INVENTION

Ink Passage

The term "ink passage" used herein is intended to
mean a portion which comes into contact with an ink. For
example, in the ink jet recording methed, the ink passage
refers to all the portions which contact with an ink in a
path from a member for storing an ink through an ink feed
system to a recording head. Therefore, 1in this
specification, the recording head as well 1s referred to
as "ink passage".

The ink passage according to the present invention

has on its surface a film comprising - fine particlesof
an 1inorganic oxide. The term “fine particles of an
inorganic oxide" used herein is intended to mean fine

particlesof an inorganic element having on its surface a
hydrophilic group such as a hydroxyl group, a carboxyl
group or a sulfonyl group.

This £ilm comprising fine particlegsof an inorganic
oxide exhibits a very high hydrophilicity by virtue of
the presence of the hydrophilic group on the surface of
the fine particlesof an inorganic oxide. This enables a
high hydrophilicity to be imparted to the surface of the
ink passage through the formation of this film on the
surface of the ink passage. When the surface of the ink
passage has a high hydrophilicity, bubbles formed within
the ink passage are rapidly discharged without staying
within the passage.
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27 étrength was evaluated by a water flow test and a tape peeling test in
the sanme manner as that of Exanple Dl1. The results are given in Table 5.

Table 5 Heati ng tenp. 110 120 120 120 130 Heat i ng
time 6 1 65 1 Thi ckness of film <0.1
0.2 0.5 1 1 after washing with running water ([err]m

The surface of the ink passage according to the
present invention has a high hydrophilicity and a contact
angle of about 0 to 40°, preferably 0 to 30°.

The hydrophilic group on the surface of the fine
particle of an inorganic oxide does not easily fall off
and has an excellent persistence. For example, in a
recording head subjected to a treatment for imparting a
hydrophilic nature by the conventional method, it was
necessary to fill the inside of the head with an ink or
other 1liquid after the production of the head for
allowing the hydrophilicity to persist until the
recording head was used. By contrast, the recording head
according to the present invention advantageously needs
no filling material for maintaining the hydrophilicity.
Further, the 1ink passage according to the present
invention can maintain the hydrophilicity even whea the
ink is withdrawn and the recording head is exposed to the
air for a long period of +time. This as well is an
advantage of the present invention unattainable by the
conventional treatment method for imparting a hydrophilic
nature.

Preferred examples of the fine particle of an
‘inorganic oxide include ' fine particles composed mainly
of an oxide of one or two or more elements selected from
aluminum, zirconiﬁm, silicon, titanium, tin, indium,
zinc, lead, germanium, hafnium, chromium, copper, iron,
cobalt, nickel, manganese, vanadium, niobium, tantalum
and molybdenum. The term "oxide of two or more elements"”
used herein is intended to include a mixture of oxides of
a plurality of single inorganic elements (for example, an
amorphous substance such as glass) and further an oxide
wherein two or more elements selected £from the above
inorganic elements are stoichiometrically bonded to
oxygen. It is also possible to add sodium and boron as a
further component to these oxides.
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Cbntaét angl e 30 20 20 20 20 Tape peeling

peeled < 0.1 1 1 1 Cont act angl e - 30 20 20
20 Fromthe results, it is apparent that the treatnment at a

t enperature of about 120 to 130[ePr]C can provide a-satisfactory film
bondi ng strength. As is apparent fromthe results of Exanple A2, the

filmsubjected to a treatnment _at a tenpperature of 8Q[err]C had a strength
satisfactory ik aRiEBriRe. ex3mPLesSsuPpri §Mfy LRAATIAEF i 19%1d9 engt h

can be i npyoMgte b)glgolt}r,eag:rmzqt ato ,tqrm%,at ghgapf p(bzcoJBt, 12Aot o @[ err] C.
(3) Bvaldid) on o Teriyraancecgs, "eea 8. h9 £88% wio, " mno,. v,0.,
Nb,Og5, Ta,0; and Mo,05. Preferred examples of the mixture
of these inorganic oxides include SiO,-ZrO,-based glass
compositions known as a =zirconia glass (for example,
S10,-2r0,, Si0,-Zr0,-A1,0; and S§i0,-Zr0,-Na,0), BaTiO,
Mghal,0,, ferrites (for example, Mn-ferrite, Co-ferrite
and Mg-ferrite). 1In particular, since the zirconia glass
has an alkaline resistance, the use of the zirconia glass
is advantageous when the water-based ink is alkaline.

Although there is no particular limitation on the
size of the fine particlesof the inorganic oxide, the
mean particle diameter is preferably 50 A to 10 um,
still preferably 100 A to 0.1 um. When the mean
particle diameter exceeds 10 gm, there is a possibility
that the homogeneity of the sol is spoiled. Further, the
film forming property as well is unfavorably poor. The
particle shape as well is not particularly limited, and
use may be made of particles having wvarious shapes such
as sphere and rod.

Although the thickness of the film comprising = fine
particlesof an inorganic oxide can be properly determined
by taking the degree of hydrophilicity, the necessary
durability, etc. into consideration, it is preferably 50
A to 10 um, still preferably about 800 A to 1 gm. The
hydrophilic effect can be attained even when the £ilm
thickness exceeds the above range. In this case,
however, the dimensional accuracy deteriorates and this
is unfavorably causative of clogging.

The £ilm comprising the fine particles of an
inorganic oxide can be formed on various base materials
for an 1ink passage. Preferred examples of the base
material 1include glass, silicon, resins (for example,
polysulfone, polycarbonate, polyethersulfone,
photosensitive acrylic resin, amorphous polyolefin,
polystyrene, epoxy resin, phenolic resin and acetal
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A first substrate and a second substrate each conprising a pol ycarbonate
resin were washed and dried, and the portions to be bonded were masked by
taping, resist or the like. The above-described alum na sol was coated on
t he surface of the polycarbonate Fesin by dipping or spin coating. The
coating was maintained at 120[err]C for 6 hr to renove physically adsorbed
wat er and, at the same tig&? to imuobilize alum na part,cles. The mask

was renovEBSLBhd (HRERIZUNSOFat PR ERABr i SHPTE Wbt y S5HAFHESES r 858 luer e
joined togeaah othgealbmoughda S$DhNEAtmFENEAEramidst heanaminkgnt phani nate

was heated, at 80[err C%;or Qpndiqg. Ther eafter, the quzle Bortion of the
tip of thelheG8Mwds TFHCer §4F 1 hedRecBRER glﬁeﬁmﬁw s (Sn0,, ITO,
Ta-Al, Ta-N, etc.). Further, the base material may

comprise a composite material. For example, an ink
passage comprising a base material comprised of a
substrate and a resin layer provided thereon (Japanese
Patent Publication No. 59873/1987) and, formed on the
substrate and the resin layer, a £ilm comprising the
above fine particlééof an inorganic oxide is embraced in
the present invention.

In the film comprising . fine particles of an
inorganic oxide, it is estimated that fine particles
themselves or the fine particleéand the surface of the
base material are bonded to each other by van der Waals:
force, Coulomb's force and, in some cases, a hydrogen
bond through a bond of hydrophilic groups present on each
surface. When the base material is a resin, the film may
be physically bonded to the base material by partial
fusing. '

Further, in order to make these bonds more firm, it
is preferred to conduct the bonding through a coupling
agent. For example, it is possible to utilize a silyl
compound having, for example, an amino group, an alkoxy
group, a hydroxy1~group, an epoxy group, a vinyl group, a
carbonyl group, a sulfonyl group or other group. In
particular, the use of an aminosilane as the coupling
agent is preferred because the bonding between the fine
particles themselves and the bonding between the £ine
particles and the surface of the base material are both
reinforced.

The recording head (as described above, the
recording ‘head as well is part of the ink passage)
according to the present invention will now be described
with reference to the accompanying drawings. Fig. 1 is a
schematic view of an ink jet recording head. In the
drawing, numeral 1 indicates a pressure chamber for
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28 prepared, an about 0.4 [err]mthick filmconprising fine particles
of alum na was forned on the whole surface of the passage which cones into
contact with an ink. This recording head was nounted on an ink jet
recording device, and a printing gest was conducted. As a result, neither
om ssion of dot nor disturbance of printing occurred, and an excell ent
hydrophilic effect was confirmed within the head. Printing was continuously
conduct ed it Figphng eBp@ERIFWr ¢ oRSEGO0Lthr the iRt henn@f an ink by

means of a PIT element or a heating element. The
pressurized ink 1is passed through a path 2 and jetted
through an ink jet nozzle 3. Fig. 2 is an enlarged cross
section taken on line A-A' of Fig. 1. The recording head
is formed by laminating a first substrate 4 having a
pattern groove for passing of an ink and a second
substrate 5. having no groove. Fig. 3 is an enlarged view
of a portion corresponding to line A-A' of Fig. 1. A
£ilm 31 comprising  fine particlesof an inorganic oxide
is formed on the whole internal surface of the ink path
2. Further, a film comprising fine particles of an
inorganic oxide is provided alsoc on the internal surface
of the pressure chamber 1. This imparts a hydrophilic
nature to a recording head at the whole ink passage which
contacts with aan ink, and when bubbles are formed, they
are rapidly discharged. Numeral 32 designates an area of
bond between the £first substrate and the second
substrate. ‘

Production of Film Combrising Fine Particlesof Inorganic

Oxide

The ink passage according to the present invention
can be produced - by dispersing .. £fine particleé of an
inorganic oxide in a suitable solvent to give a sol,
coating the sol .on the surface of the ink passage and
drying the coating.

The sol containing  fine particlesof an inorganic
‘oxide dispersed therein may be a commercially available
one. Examples of the sol include those commercially
available from Nissan Chemical Industries, Ltd. such as
Snowtex {(trade name) 20, 30, 40, C, N, O, S, 20L and 0L
(which are each a silica sol), alumina s0l-100, 200 and
520 (which are each an alumina sol) and zirconia sol NZS-
20A, 30A and 30B (which are each a zirconia sol).

It is also possible to utilize fine particleéof an
inorganic oxide produced by methods described in“known
documents. With respect to the known methods, reference
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failure was observed, and a good long-termreliability could be attained.

The ink was withdrawn fromthe ink jet recording head, the r
was allowed to stand at 70[err]C for 5 days, and a bubbl e di
was conducted. As a result, no trduble such as onission of
di sturbance of printing occurr ed. Thus, it was confirned t

ecordi ng head
scharge test
dot or

hat the

hydr ophi | ffect d t hout ti d the bubbl
For o wi (115, PRo TA0E pRGs H5d gy SE GRS a T onoTBHZB 1 24 neP LB danar ge

oper ati on. a&&aﬁpterﬁaqd)Sé&emaeaESonaﬁ¥é§ﬂ(1968A folr

4SY@gdasf|ne
err]

ticl t
g?;pgfsgz%?%‘gfegia\%@'& §§g§ ?ﬁ%b gt’téno‘r erazcdﬁco%‘??h ?bﬁ of

0. 05% by vt ghalwas Br@paeédnugn pife galmarianmtaeta&q hat1991)

Ceramic Society of Japan, 2E02, 313 (1991) for Al

of The

203~

Z2r0,-based oxide and .Alzo3-sioz—based oxide; Ikemoto et

al., Journal of The Ceramic Society of Japan, 93
(1985) and E.A. Barringer et al., J. Am. Chemn.
C199-201 (1982) for TiO,, etc. .

r 261-266

Soc., 65,

The synthesized fine particlescf an inorganic oxide

is dispersed in a suitable solvent to prepare a sol. The

solvent as a dispersing medium may be selected from a

wide variety of organic solvents which have

2 high

wettability with the material constituting the surface of

the ink passage and do not erode the base material.

Preferred . examples of the dispersing medium

include

monohydric alcohols such as methanol, ethanol, propanol,

butanol and ethoxyethanol, polyhydric alcohols

such as

ethylene glycol and glycerin, amines such as

triethylamine and pyridine, carboxylic acids

such as

formic acid, acetic acid and oxalic acid, acetonitrile

and mixed solvents comprising mixtures of the above

dispersing media, and mixed solvents comprising a mixture

of the above dispersing media with water or other organic
solvents. When the base material is a resin, lower

alcohols are particularly preferred.

In some cases, the commercially available sol may be

further diluted with a suitable solvent prior

to use.

The above solvents may be preferably used as a solvent in

this case as well.

The amount of the £fine particleé of an inorganic
oxide in the sol is preferably about 0.01 to 10% by

weight, still preferably about 0.05 to 2% by

weight.

When the amount is less than 0.0l% by weight, there is a
possibility that no homogeneous coating can be attained.
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of Exanpl e B3. The tenperature for renoving physically adsorbed water
in this sol was 170[err]C as neasured by a differential thermal analysis.
(2) Evaluation of Bonding Strength The sol prepared in the above item
(1) was coated on a flat plate of 1@ pol yethersul fone resin, and the coated
resin was heat-treated under conditions of tenperatures and tines specified
in Table 6. Thus, a 2 [err]mthick filmwas fornmed on the resin plate, and
t he cont acOnatylee adthahehafd) nwhenathe2@mourdt exceedseif}. by wiightf,ilm

strength yasseyal WHEd OyaB1 PoLehsht OVe! B3 VYA APRSE PASLT BLESE .1 N

In the sol, it is also possible to add a suitable
third component for the purpose of improving and
stabilizing the dispersion of the fine particles of an
inorganic oxide or to impart an electric charge to the
surface of the fine particles For example, it is
preferred to add a surfactant in an amount of about 0.001
to 1% by weight. _

When a coupling agent is added to a sol for the
purpose of strengthening the bond between the £fine
particlesof an inorganic oxide and the base material, the
amount of addition is preferably about 0.001 to 1% by
weight. When the amount of addition is less than 0.001s
by wéight, no effect of addition of the coupling agent is
attained. On the other hand, when the amount of addition
exceeds 1% by weight, there 1is a possibility that the
stability of the sol per se is spoiled.

The sol thus prepared is applied to an ink passage.
There 1is no particular limitation on the method of
applying the sol to the ink passage so far as a layer of
the sol can be evenly formed on the surface of the ink
passage. However, the application of the sol by coating,
dipping, spin coating, etc. is preferred. Further, the
coating may be conducted by assembling' a recording head
as shown in Fig. 1, injecting a sol into the ink passage
while applying suction by means of a pump or the like and
removing excess sol through empty suction.

The thickness of the sol layer may be determined by
taking the thickness of the film of . fine particlesof an
inorganic oxide into consideratiocn.

After the sol is applied to the surface of the ink
passage, the sol is dried. The drying may be conducted
at a temperature or above capable of evaporating the
dispersing medium. For example, a film comprising fine
particles of an inorganic oxide having a strength
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29 the same manner as that of Exanple D1. The results are given in Table
6 Tabl e 6 Heating tenp. 150 160

170 170 180 Heating tine 1 1 1 1 3 1

satisfactory for practical use can be formed within the
ink passage by drying at a temperature of about 80°C.

According to a preferred embodiment of the present
invention, the drying 1is conducted by heating to a
temperature necessary £for removing water physically
adsorbed between fine particles of an inorganic oxide
(hereinafter referred to as “temperature necessary for
removing physically adsorbed water"). 1In the heating to
at least a temperature necessary for removing physically

-. adsorbed water, a chemical bond 'by means of a
dehydrocondensation or a hydrogen bond in which no
adsorbed water pacticipates is formed, etc. are formed
between the fine particles themselves and between the
base material and the fine particles, which contributes
to an improvement in the strength of the film comprising
the fine particlesof an inorganic oxide. The temperature
for removing physically adsorbed water of the fine
particleg of an inorganic oxide can be determined, for
example, from an endothermic peak obtained by a
differential thermal analysis. This temperature varies
depending upon the size of the fine particles. The
smaller the particle diameter, the smaller the dizmeter
of the pore between fine particles and consequently the
higher the temperature for removing physically adsorbed
water. Further, with respect to the fine particle shape,
there is a tendency that the temperature for removing
physically adsorbed water in the case of the spherical
shape is higher than that in the case of a feathery or
fibrous shape. The temperature for removing physically
adsorbed water of the fine particlesof an inorganic oxide
utilized in the present invention is generally considered
to be about 110 to 200°cC.

According to another preferred embodiment of the
present invention, the drying is conducted by heating to
a heat deformation temperature of the base material.
When the base material comprises a resin or comprises a
composite structure having a surface comprised of a
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Thi ckness of film <0.1<01 1 2 2 after washing with

running water ([err]m Contact angl e 40 30 25 25 25
Tape peeling peel ed peel 2 2 2 Cont act angl e
- - 25 25 25 From the results, it is apparent that the

treatnent at a tenperature of about 170 to 180[err]C can provide a

satisfact grgs{hl M hondi n@r§im@Natls  contfudSedPPBReNthdieimighe g@subts of
Exanple B3, the filmsubjected to a treatnment at a terrpeégtulgﬁeofh% err]C
ea

temperature 1n the range of from 50°C
deformation temperature of the resin. When the resin
wherein a film comprising fine particleéof an inorganic
oxide is deposited on the surface thereof is heated, the
film is fixed through fusion or the 1like, which
contributes to an increase in the strength of bond of the
film to the surface of the resin. The bonding strength
can be improved by increasing the heating temperature.
However, it 1is preferred to avoid heating to a
temperature above the heat deformation temperature of the
resin from the viewpoint of the accuracy of the form.
Although there is no strict physical definition on the
heat deformation temperature of the resin, in many cases,
the heat deformation temperature generally refers to a
temperature at which the resin is deformed under a load
of 18.5 kg/cm?. In the present specification as well,
the term "heat deformation temperature" is intended to
mean the temperature defined under this condition.
Similarly, when the base material comprises glass or
comprises a composite structure having a surface
comprised of a resin, it is preferred to conduct the
drying through héating to a temperature up to the glass
transition point of the glass.

The present:invention will now be described in more
detail with reference to the following Examples.
Example Al ‘
(1) Preparation of Sol

A silica sol comprising - fine particles of silicon
dioxide having a mean particle diameter of 0.02 um
dispersed in a solvent composed mainly of ethanol to a
concentration of 0.l1l% by weight was prepared as follows.
.+~ Fine particles of silicon dioxide Qéﬁs prepared by
stirring ethyl silicate in the presence of a basié
catalyst (ammonia) in a mixed solvent comprising ethanol
and water and allowing the mixture to stand for several
days. The reaction mixture containing the fine particleg
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had a strength satisfactory for practical use. It is surprising that the
filmstrength can be inproved by a treatnent at a tenperature of about 170
to 180[err]C. (3) Evaluation of Performance of Recordi ng Head A first
substrate and a second substratelgach conprising a polyethersul fone resin
were washed and dried, and these substrates conprising a pol yethersul fone

resin wergej od iedeba eachx98Ber w581 0Mgh-aR LR 2dhed VernaRdlt heas
resul t ant I§n1nate was heated, at 80[err] C for bondin

, . -.__The |
above- des2fPBEd TR IS T EY By TRANSFPHE i gnt‘—o“i%e’??é&bi:&ieng head
whil e cirgukpkiBed dcoatmikedseblerdhecstpt asengl dtFe Wﬁ'ﬁ@l@ﬁtsbﬂff one
resin. Theb%egogdiﬁghhgaqﬁﬁas dried at 80[err]C and then heat- treated at
180[ er r ] C2F 07 8he 3ur IR ero- t W8 R&zzl e portion of the tip of the
head was ¢@Y. Pkpdues icecwfliRgrording Bead and its Evaluation

A first substrate an a second substrate each
comprising a polysulfone resin were washed and dried, and
these substrates comprising a polysulfone resin were
joined to each other through a solvent cement, and the
resultant laminate was heated at 80°C for bonding.

The above-described silica sol was injected by means
of a pump into the recording head while applying suction.
Thereafter, excess sol was removed by empty suction to

olysulfone resin.

-

coazt the sol on the surface of the

D
0°C, anrné the nozzle

[04]

The recording head was dried at
portion of the tip of the head was cut. 1In the recording
" head thus prepared, an about 0.2 um-thick £ilm
comprising fine particlesof silicon dioxide was formed
on the whole surface of the passage which comes inko
contact with an ink. The vicinity of the passage of the
cross section in this recording head was as shown in Fig.
3. In Fig. 3, numeral 31 designates a2 film of silicon
dioxide and numeral 32 a bond area of a solvent cement.
This recdrding head was mounted on an ink jet
recording device, and a printing test was conducted. As
a result, neither omission of dot nor disturbance of
printing occurred, and an excellent hydrophilic effect
was confirmed within the head. The ink was withdrawn
£rom the ink jet recording head, the recoréing head was
allowed to stand at 70°C for 5 days, and a bubble
discharge test was conducted. Specifically,. an ink was
sucked at a suction rate of 0.1 ml/sec for a given period
of time, and printing was then conducted to determine a
time taken for the bubbles remaining within the passage
to be completely discharged and troubles such as omission
of dot and disturbance of printing to be eliminated. As
a result, these troubles could be completely eliminated
This is the replacement sheet
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head t hus prepared, an about 400 [err]-thick film conprising

30 fine particlesof ZrJerr] was fornmed on the whol e surface of the
passage which cones into contact with an ink. Thi s recordi ng head was
mounted on an ink jet recordi nftdevice, and a printing test was conducted
In the sane manner as that of Exanples D1 and D2. The

in a suction time of 1 to 5 sec. Specifically, it was
confirmed that the hydrophilic effect was maintained
without deterioration and the bubbles formed within the
ink passage could be easily removed by a simple discharge
operation.
Example A2
(1) Preparation of Sol

An alumina sol comprising  fine particleéof alumina

having a mean particle diameter of 0.05 um dispersed in
a solvent composed mainly of propanol to a concentration
of 0.2% by weight was prepared as follows. The £fine
particles of alumina ﬁeﬁ:”prepared by heating aluminum
tripropoxide in water to 75°C, stirring the mixture,
adding hydrochloric acid to the mixture and allowing the
mixture to stand at 80°C for several days. The reaction
mixture containing the £fine particles of alumina was
concentrated, and propanol was added thereto to give a
sol comprising a fine particle dispersed in a mixed
solvent comprising 90% by weight of propanol and 10% by
weight of water,
(2) Production of Recording Head and its Evaluation

A first substrate and a second substrate each
comprising a polycarbonate resin were washed and dried,
and the portions to be Jjointed was masked by taping,
resist or the like. The above-described alumina sol was
coated on the surface of the polycarbonate resin by
dipping or spin coating. The coating was dried at 100°C,
and the mask was removed. . These substrates comprising a
polycarbonate resin were Jjoined to each other through a
solvent cement, and the resultant laminate was heated at
80°C for bonding. Thereafter, the nozzle portion of the
tip of the head was cut. In the recording head thus
prepared, an about 0.5 um-thick film comprising fine
particlesof alumina was formed on the whole surface of

- the passage which comes into contact with an ink.

This recording head was mounted on an ink jet

recording device, and a printing test was conducted. As
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results were substantially the sane as those of Exanples D1 and D2. Exanple
El (1) Preparation of Sol Fine particles of silicon dioxide having a
mean particle diameter of 0.01 [err]m (AERCSIL 200 nmanufactured by N ppon
Aerosil Co., Ltd.) were dispersed i® a m xed sol vent conprising 50% by

wei ght of ethanol and 50% by wei ght of 2-ethoxyethanol to a concentration
of 1% by weight. To the dispersion was added 0.1% by wei ght of am nosilane

(SI LA- ACE S330 s actid Beh &y i iS501 97 ROF aldod)) ndg ad§*sl:§@§a@1@§p|bﬂg
agent. (2) Production of Recgqrding  Head and |ﬁs Eval u t|o

substrate aRELAt3BorCSHbEE até“B%cﬁ”boﬁﬁFF% g ta B 5988?&&8 r%sfﬁcﬁere
washed and @sietomflrhé@s e itiist r 8hes K@l i SinPea K Y walsf opErR@sddnWer e

from the ink jet recording head, the recording head was
allowed to stand at 70°C for 5 days, and a bubble
discharge test was conducted in the same manner as that
of Example Al. As a result, it was confirmed that as
with Example Al, the troubles could be completely
eliminated in a suction time of 1 to 5 sec.

Example A3

(1) Preparation of Sol

A titania sol comprising . fine particlesof titanium
oxide having a mean particle diameter of 0.3 um
dispersed in a solvent composed mainly of ethanol to a
concentration of 2% by weight was prepared as follows.
The fine particles of titanium oxide Wer® prepared by
stirring titanium tetraethoxide in a mixed solvent
comprising ethanol and water to conduct hydrolysis. The
reaction mixture containing the fine particle of titanium
oxide was concentrated, and ethanol and 2-ethoxyethanol
were added thereto to give a sol comprising fine
particléédispersed in a mixed solvent comprising 60% by
weight of ethanol, 35% by weight of 2-ethoxyethanol and
5% by weight of water.

(2) Production of Recording Head and its Evaluation

A first substrate and a second substrate each
comprising a polyethersulfone resin were washed, dried
and jointed to each other through an epoxy adhesive, and
the laminate was heated at 80°C for bonding.

The above-described titania sol was injected by
means of a pump into the recording head while applying
suction. Thereafter, excess sol was removed by empty
suction to apply the sol to the surface of the
polyethersulfone resin. The recording head was dried at
80°C, and the nozzle portion of the tip of the head was
cut. In the recording head thus prepared, an about 3
pm—thick £ilm comprising .. fine particles of titanium
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joinéd to each other through a solvent cenent, and the resultant |am nate

was heated at 80[err] C for bondi ng. The above-described silica sol was
i njected by nmeans of a punp into the recordi ng head whil e applying suction,
and excess sol was then renoved b¥6enpty suction. The recordi ng head was

dried at 80[err]C, and the nozzle portion of the tip of the head was cut.

In the recording head thus prepared -an_about 1- éerr Jmthick film
conpri si n§ipxidearascifrmad spn ddie dHBeilge SKEEREEN&E okhBhPaARTRIE

surface ofniike RaERPCL NB6CBoREHRE b'itt@x GNt@agd, Wi th an ink. Thi s
recordi ng head was nounted_popn an ink j recordln% evice, and a printing

test was condudteéd® 9%?%F§b%%ltheﬂéltﬂéﬁ ofPYEtS quynaWquthtlﬁ%ance
of printingceedidedieaddeanatidcel |phinbydgorkisld cvas f echduesedonf ixgred

wi thin the heagult,Thgegggeﬁﬁsomaggqgn of dot nor disturbance of
printing occurred, and an excellent hydrophilic effect
was confirmed within the head. The ink was withdrawn
from the ink jet recording head, the recording head was
allowed to stand at 70°C for 5 days, and a bubble
discharge test was conducted in the same manner as that
of Example BAl. As a- result, it was confirmed that as
with Example Al, the troubles could be completely
eliminated in a suction time of 1 to 5 sec."

Example Bl

(1) Preparation of Sol

A sol comprising fine oartlcl&s of Si0,-Zr0,- A_.203
(810,:Zr0,:RA1,0; = 70:20:10, weight ratio) having a mean
particle diameter of 0.05 um dispersed in a solvent
composed mainly of acetonitrile to a concentration of
D.13 by weight was prepared as follows. The composite
fine particle of silica-zirconia-alumina was prepared by
refluxing ethyl silicate, zirconium tetrabutoxide and
aluminum tributoxide in octancl, adding acetonitrile and
water thereto and stirring the mixture to conduct
hydrolysis. Then, the reaction mixture containing the
above fine particlé$ was concentrated, and acetonitrile
was added thereto to give a sol comprising _: £ine
particles dispersed in a mixed solvent comprising 70% by
weight of acetonitrile, 20% By weight of octanol and 10%
by weight of other solvent.
(2) Production of Recording Head and its Evaluation

A recording head wherein a £ilm comprising fine
particles of 810,-2r0,-Al,0, was formed on the whole
surface of the passage which comes into contact with an
ink was prepared in the same manner as that of Example
A2.:

This is the reptacement sheet

Date: 't 6 06T 99/



‘31 fromthe ink jet recording head, the recording head was allowed to
stand at 70[err]C for 5 days, and a bubble di scharge test was conduct ed.
Specifically, an ink was sucked at a suction rate of 0.1 m/sec for a given
period of time, and printing was then conducted to determne a tinme taken
for the bubbles remaining wthinythe passage to be conpletely discharged
and troubl es such as om ssion
The recording head thus prepared had the same

printing performance as that in Example A2, and bubbles

formed within the ink passage could be easily removed.

Further, no hydrophilic effect was lost even when the ink

was heated to 70°C and circulated through the recording

head for two weeks.

Example B2
(1) Preparation of Sol

A sol comprising - fine particles of §i0,-Zr0,-Na,0
(Si0,:2r0,:Na,0 = 70:25:5, weight ratio) having a mean

particle diameter of 0.02 gm dispersed in a solvent
composed mainly of methanol to a concentration of 2% by
weight was prepared as follows. The composite fine
particle dispersed in this sol was prepared by refluxing
methyl silicate, zirconium tetramethoxide and sodium
methoxide in methanol, adding acetonitrile and water and
stirring the mixture to conduct hydrolysis. Then, the
reaction mixture containing the above fine particles was
concentrated, and ethanol was added thereto to give a sol
comprising - fine particles dispersed in a mixed solvent
comprising 90% by weight of ethanol, 9% by weight of
acetonitrile and 1% by weight of water.

(2) Production of Recording Head and its Evaluation

A recording head wherein a2z film comprising a fine

-particle of SiOé-ZrOz-Nazo was formed on the whole
surface of the passage which comes into contact with an
ink was prepared in the same manner as that of Example
Al.

The recording head thus prepared had the same
printing performance as that in Example Al, and bubbles
formed within the ink passage could be easily removed.
Further, no hydrophilic effect was lost even when the ink
was heated to 70°C and circulated through the recording
head for two weeks.

Example B3
(1) Preparation of Sol
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of dot and disturbance of printing to be elimnated. As a result, these
troubl es could be conpletely elimnated in a suction tinme of 1 to 5 sec.
Specifically, it was confirned that the hydrophilic effect was maintained
wi t hout deteriofation and the bubB8es fornmed within the i nk passage could
be easily renoved by a sinple discharge operation. Exanple E2 (1)
Preparati on of Sol A sol -cqnprising fjne parthgles of alumna in a rod

form having a n%ansﬁértFemgrdﬁéﬁgteF%ﬁCQP{Hm[é??} (APAWiARg S8l Bgen
manuf act urpdrbygmessdmaﬁbgmrcabfl ndusbri em Idtx@g)elr\fgi dlollmt ad wﬁllberﬁ%t hanol
i sper o1 on WBB° 888680 535 T FERGAP Lot Bt nGOPFERL CSMTRS ahab o B ed by
Toray Siliwebhgh€o.wadt grepesend sakanBobopsing @gentfine particles of
zirconium oxide were prepared by dissolving zirconium
tetrabutoxide in butanol, adding acetonitrile, a
cellulose surfactant and water and stirring the mixture
to conduct hydrolysis. The reaction mixture containing
the fine particleéof-titanium oxide was concentrated, and
ethanol was added thereto to give a sol comprising fine
particles dispersed in a mixed solvent comprising 95% by
weight of ethanol, 3% by weight of butanol and 1% by
weight of each of acetonitrile and water.
(2) Production of Recording Eead and its Evzluation

A first substrate and a second substrate each
comprising a polyethersulfone resin were washed, dried
and jointed to each other through an epoxy adhesive, and
the laminate was heated at 80°C for bonding.

The above-described sol was injected by means of a
punp into the recording head while applying suction.
Thereafter, excess sol was removed by empty suction to
apply the sol to the surface of the polyethersulfone
resin. The recording head was dried at 80°C, and the
nozzle portion of the tip of the head was cut. In the
recording head thus prepared, an about 400 A-thick film
comprising  fine particlséof zirconium oxide was formed
on the whole surface of the passage which comes into
contact with an ink.

This recording head was mounted on an ink Ijet
recording device, and a printing test was conducted in
the same manner as that of Example Al. The results were
substantially the same as those of Example Al. Further,
no hydrophilic effect was lost even when the ink was -
heated to 70°C and circulated through the recording head
for two weeks.

Example Cl
(L) Preparation of Sol
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(2) Production of Recording Head and its Eval uation The above-descri bed
alum na sol was injected by means of a punp while applying suction into a
recordi ng head conprising a fi rlgt substrate which conprises a stainless
steel plate having a pattern groove conprising an acrylic photocuring resin
for an ink passage and a second substrate conprising glass and chrom um
Sputtered thereons1hndaexnﬁhscemprma$nghen fémeveph byielpsywSusildea The

recordingggagﬁgra% dh fﬁﬁlégtﬁrr]gﬁathEP Egcobdbﬂleéﬁgd Fgat repared

an about m-Conpr i ar f
f or med onmaheﬁduﬁux&dwﬂa&erESEMe 6hsmagelwhioﬁu§¢wa$s,nt@tdontawasmnth an

I nk. diluted with methanol to a concentration of 1% by weight
to give a sol:
(2) Evaluation of Bonding Strength

The silica sol prepared in the above item (1) was

coated on a flat plate of a polysulfone resin (heat
deformation temperature: 175°C), and the coating was
heated and dried at temperatures specified in Table 1 for
one hour. The resin plate thus prepared was subjected to
measurement of an initial contact angle of water and a
contact angle of water after rubbing the resin plate 100
times with a silicone rubber in an ink or a pure water.
The results were as shown in Table 1.

Table 1
Treatment temp. 130(140|150|160{170 180
Initial contact angle} 10 {10} 10|10} 15 |heat
deformation

Contact angle after 75 { 50 { 40 | 20 { 15 -
rubbing in ink

Contact angle after 40 { 30 12010} 15 -
rubbing in pure water

From the results, it is apparent that the treatment
at a temperature of about 160 to 170°C can provide a
satisfactory film bonding strength. _

As 1s apparent from the results of Example Al, the
film subjected to a treatment at a temperature of 80°C
had a strength satisfactory £for practical use. It is
surprising that the film strength can be improved by a
treatment at a temperature of about 160 to 170°C.

(3) Evaluation of Performance of Recording Head

A first substrate and a second substrate each
comprising a polysulfone resin were washed and dried, and
these substrates comprising a polysulfone resin were
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32 This recording head was nounted on an ink jet recording
device, and a printing test was conducted. As a result, neither om ssion
of dot nor disturbance of printing occurred, and an excellent hydrophilic
effect was confirmed within the ad. The ink was withdrawn fromthe ink
jet recording head, the recording head was allowed to stand at 70[err]C for

> days, ang; ReBURR) CedbhCiVHE: { BREoMER @NULIVEh Y NcbREARA T AR 1R, 2
resultant laminate was heated at 80°C for bonding.
Thereafter, the nozzle portion of the tip of the head was
cut.

The above-described silica sol was injected by means
of a pumé into the recording head while applying suction
to coat the sol on the surface of.the polysulfone resin.
The recording head was dried at 80°C and then heat-
treated at 160°C for one hour. In the recording head
thus prepared, an about 800 A-thick £ilm comprising
fine particles of silicon oxide was formed on the whole
surface of the passage which comes into contact with an
ink.

This recording head was mounted on an ink Jjet
recording device, and a printing test was conducted. As
a result, neither omission of dot nor disturbance of
printing occurred, and an excellent hydrophilic effect
was confirmed within the head. The ink was withdrawn
from the ink jet recording head, the récording head was
allowed to stand at 70°C for 5 days, and a bubble
discharge test was conducted. Specifically, an ink was
sucked at a suction rate of 0.1 ml/sec for a given period
of time, and printing was then conducted to determine a
time taken for the bubbles remaining within the passage
to be completely discharged and troubles such as omission
of dot and disturbance of printing to be eliminated. As
a result, these troubles could be completely eliminated
in a suction time of 1 to 5 sec. Thus, it was confirmed
that the hydrophilic effect was maintained without
detericration and the bubbles formed within the ink
passage could be easily removed by a simple discharge
operation.

Example C2
(1) Preparation of Sol

An alumina sol comprising . fine particlesof alumina
having a mean particle diameter of 0.02 xm (Alumina Sol
520 manufactured by Nissan Chemical Industries, Ltd.) was
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of Exanple Al. Specifically, an ink was sucked at a suction rate of 0.1
m/sec for a given period of time, and printing was then conducted to

determine a tine taken for the bubhles remaining within the passage to be
conpl etely di scharged and troubl es &uch as onission of dot and disturbance

of printing to be elimnated. As a result, these troubles could be _
tinme of 1 tg 5 sec. Specifically, it

CaPL et eSSl e BRaBS 0 fadEe Sl dahlon Bicas aTomoreont
det eri or atticorg iarel @ hédibubbl eslf.or med wit hiE)r(nat hleei Eg E’i‘fsﬁ?ipgfﬁl idolraleofeazlol y
Lﬂ?%ﬁ?’ﬁfﬁ%ﬁﬁ?ﬁﬁ  BPBEOP S, SEEAIERE ovi de having A mean parti ol ¢
di aneter of 0. FAgeatimifAi rswhni préphred in the above item (1) was
coated on a flat plate of a polycarbonate resin (heat
deformation temperature: 135°C), and the coating was
heated and dried at temperatures specified in Table 1 for
one hour. The resin plate thus prepared was subjected to
measurement of an initial contact angle of water and a
contact angle of water after rubbing the resin plate 100
times with a silicone rubber in an ink or a pure water.

The results were as shown in Table 2.

Table 2
Treatment temp. 90 {|100(110{2120(130 1490
Initial contact angle| 10 {15 |15 | 20 | 20 heat
deformation

Contact angle after 40 | 30} 25|20 | 20 -
rubbing in ink

Contact angle after 75 175 40 | 30| 20 -
rubbing in pure water

From the results, it is apparent that the treatment
at a temperature of about 120 to 130°C ecan provide a
satisfactory film.bonding strength.

As is apparent from the results of Example A2, the
film subjected to a treatment at a temperature of 80°cC
had a strength satisfactory for practical use. It is
surprising that the film strength can be improved by a
treatment at a temperature of about 120 to 130°cC.

(3) Evaluation of Performance of Recording Head

A first substrate and a second substrate each
comprising a polysulfone resin were washed and dried, and
the portions to be bonded were masked by taping, resist
or the like. The above-described sol was coated on the
surface of the polycarbonate resin by dipping or spin
coating. The coating was maintained at 125°C for one
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NZS- 20A manuf actured by N ssan Chem cal Industries, Ltd.) was diluted with
a solvent conposed nmainly of nethanol to a concentration of 0.02% by

wei ght, and 0. 02% by wei ght of [err]-glycidoxypropyltrinmethoxysilane was
added thereto as a sil ane coupl ppg agent. (2) Production of Recording Head
and its Eval uation The above-described zirconia sol was injected by

reans Of SRE Wi eodBR Va9 e R Lo LBegLd dgyliead.commr, oo @

conpri si ngjcimeedyltic phetocothay restoughr an solvqraissagmerryl a segend

substrat e Comrlstng.sl bheanand |0 PLLL ensdat Bg' oo I A0S Q! VA
nozzle portion of the tip of the head was cut. In the
recording head thus prepared, an about 0.4 gm-thick £ilm
comprising fine particlesof alumina was formed on the
whole surface of the passage which comes into contact
with an ink.

This recording head was mounted on an ink jet
recording device, and a printing test was conducted. As
a result, neither omission of dot nor disturbance of
printing occurred, and an excellent hydrophilic effect
was confirmed within the head. Printing was continuously
conducted at room temperature for 1000 hr. ©No printing
failure was observed, and a good long-term reliability
could be attained. The ink was withdrawn from the ink
jet recording head, the recording head was allowed to
stand at 70°C for 5 days, and a bubble discharge test was
conducted. Specifically, an ink was sucked at a suction
rate of 0.1 ml/sec for a given period of time, and
printing was then conducted to determine a time taken for
the bubbles remaining within the passage to be completely
discharged and troubles such as omission of dot and
disturbance of printing to be eliminated. As a result,
these troubles .could be completely eliminated in a
suction time of 1 to 5 sec. Specifically, it was
confirmed that the hydrophilic effect was maintained
without deterioration and the bubbles formed within the
ink passage could be easily removed by a simple discharge
operation.

Example C3

(1) Preparation of Sol

A zirconia sol comprising zirconium oxide having a
mean particle diameter of 0.07 um (Zirconia Sol NZA-20A
manufactured by Nissan Chemical Industries, Ltd.) was
diluted with methanol to a concentration of 1% by weight
to give a dilute sol.
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33 recording head was dried at 120[err]C. In the recordi ng head thus
prepared, an about 0.2 [err]mthick filmconprising a fine particle of
zirconia was forned on the whol e surface of the passage which conmes into
contact with an ink. Thi s 28cordi ng head was nounted on an ink jet
recordi ng device, and a printing test was conducted. As a result, neither

oni ssi on qf dotpflof y 4t $5H BNEB A oy IdiAdigGecurred, and an excel | ent
hydr ophi | i ¢ ‘ef fect
The sol prepared in the above item (1) was coated on

a flat plate of a polyethersulfone resin [(heat
deformation temperature: 203°C), and the coating was
heated and dried at temperatures specified in Table 1 for
one hour. The resin plate thus prepared was subjected to
measurement of an initial contact angle of water and a
contact angle of water after rubbing the resin plate 100
times with a silicone rubber in an ink or a pure water.
The results were as shown in Table 3.

Table 2

Treatment temp. 160117011801190{200 210

Initial contact angle| 20 | 25| 25|30 | 30 |heat
deformation

Contact angle after 40 {3525 | 30} 30 -
rubbing in ink

Contact angle after 40 | 35 {30 |30 30 -
rubbing in pure water

From the results, it is apparent that the treatment
at a tem?erature of about 170 to 200°C can provide a
satisfactory f£ilm bonding strength.

As is apparent from the results of Example B3, the
film subjected to a treatment at a temperature of 80°C
‘had a strength satisfactory for practical use. It is
surprisiné that the film strength can be improved by a
treatment at a temperature of about 170 to 200°C.

(3) Evaluation of Performance of Recording Head

A first substrate and a second substrate each
comprising a polyethersulfone resin were washed and dried
and then jointed to each other through an epoxy adhesive,
and the laminate was heated at 80°C for bonding.

The above-described sol was injected by means of a
pump into the recording head while applying suction to
‘coat the so0l on the surface of the polyethersulfone
resin. The recording head was dried at 80°C and further
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was confirmed within the head. The ink was withdrawn fromthe ink jet
recordi ng head, the recording head was allowed to stand at 70[err]C for 5
days, and a bubbl e di scharge test was conducted in the same manner as that
of Exanple Al. Specifically, an24nk was sucked at a suction rate of 0.1
m/sec for a given period of time, and printing was then conducted to

corpl ot of y BPSBRALASE A A FObI ERT SBER BEUT S THLEBE - ahfSdRoEatSance

of prlntlngnbotbenehﬁﬂuhﬁehip df sheekght, whhe$ﬂniloumheSheoubdobeln

vas conf1 1 1828 nat e e FRAORA o 21of 18BPY S fm AL REG dy ekl

det eri or at | oAmMRAdSiRg bubbﬁé@efomﬂﬁtnnléﬂrpﬁrmzlrmppasaagéloamﬁé beagasily

removed by 2o3hER! &dli 86BN AHAPEEALFAe of the passage which comes
into contact with an ink.

This recording head was mounted on an ink Jjet
recording device, and a printing test was conducted in
the same manner as that of Examples Cl and C2. the
results were substantially the same as those of Examples
Cl and C2.

Example D1

(1) Preparation of Sol

A silica sol comprising  fine particlesof silicon
dioxide having a mean particle diameter of 0.01 Am
dispersed in a solvent composed mainly of methanol to a
concentration of 1% by weight was prepared in
substantially the same manner as that of Example Al.

The temperature for removing physically adsorbed
water in this silica sol was 150°C as measured by a
differential thermal analysis.

(2) Evaluation of Bonding Strength

The sol prepared in the above item (1) was coated on
a flat plate of a polysulfone resin, and the coated resin
was heat-treated under conditions of témperatures and
times specified in Table 4. Thus, a 1000 A-thick silicon
dioxide f£film was formed on the resin plate, and the
contact angle of the film was 10°. The film strength was
evaluated by a water flow test wherein the film is washed
with water running at a rate of 10 m/sec for 10 min, and
a tape peeling test wherein whether or not the film is
peeled off by means of a tape (Scotch Tape (trade name)
manufactured by Sumitomo 3M) is observed. The results
are given in Table 4.
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CLAIMS 1. An ink passage having a surface which has a hydrophilic film
characterised in that the film (31) conprises fine particles of an
i norgani ¢ oxi de having a hydrophilic group,

25
Table 4
Heating temp. 130 140 150§ 150 160
Heating time 1 1 1 3 1
Thickness of £ilm 200 200 {800{1000}1000

after washing with
running water (A)

Contact angle 20 20 10} 10 10
Tape peeling peeled|peeled{200;1000;1000

Contact angle - - 201 10 10

From the results, it is apparent that the treatment
at a temperature of about 150 to 160°C can provide a
satisfactory film bonding strength.

As is apparent from the results of Example Al, the
film subjected to a treatment at a temperatﬁre of 80°C
had a strength satisfactory for practical use. It is
surprising that the £ilm strength can be improved by a
treatment a2t a temperature of about 150 to 160°C.

(3) Evaluation of Performance of Recording Head

A first substrate and a second substrate each
comprising a polysulfone resin were washed and dried, and
these substrates- comprising a polysulfone resin were
joined to each other through a solvent cement, and the
resultant laminate was heated at 80°C for bonding.
Thereafter, the nozzle portion of the tip of the head was
cut.

The above-described silica sol was injected by means
of a pump into the recording head while circulating to
coat the sol on the surface of the polysulfone resin.
The recording head was dried at 80°C and heat-treated at
160°C for one hour. 1In the recording head thus prepared,
an about 800 A-thick film comprising ~ fine particlé;of
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said fine particles being bonded to each other and being present in said
filmin a size and anbunt which inparts sufficient hydrophilicity to the
surface to cause rapid discharge of bubbles forned within the ink passage.
2. An ink passage according to claim1, wherein the fine particles of an
I nor gani ¢ oxi de are conposed mai f% of an oxide of at |east one el ement
sel ected fromthe group consisting of alum nium zirconium silicon,
titani um gilicomdioxhdei was | fadmeder ornni ting hdfelemswifrage umt cbpper,

b geouides b€ GhicHREGRBES e AL UM e PhOBhLGYL GAA L LT and

nDbedenum k “passage Saccording t o wherein the fine
This recording head was mounted on an ink jet

recording device, and a printing test was conducted. As
a result, neither omission of dot nor disturbance of
printing occurred, and an excellent hydrophilic effect
was confirmed within the head. The ink was withdrawn
from the ink jet recording head, the recording head was
allowed to stand at 70°C for 5 days, and a bubble
discharge test was conducted. Specifically, an ink was
sucked at a suction rate of 0.1 ml/sec for a given period
of time, and printing was then conducted to determine a
time taken for the bubbles remaining within the passage
to be completely discharged and troubles such as omission
of dot and disturbance of printing to be eliminated. As
a result, these troubles could be completely eliminated
in a2 suction time up to 30 sec. Thus, it was confirmed
that the hydrophilic effect was maintained without
deterioration and the bubbles formed within the ink
passage could be easily removed by a simple discharge
operation.

Example D2

(1) Preparation of Sol

A sol comprising fine particlesof alumina in a rod
form (Alumina Sol 520 manufactured by Nissan Chemical
Industries, ULtd.) was diluted with ethanol to a
concentration of 0.2% by weight to give a dilute sol.

The temperature necessary for removing physically
adsorbed water in this alumina sol was 120°C as measured

. by a differential thermal analysis.

(2) Evaluation of Bonding Strength

The sol prepared in the above item (1) was coated on
a flat plate of a polycarbonate resin, and the coated
resin was heat-treated under conditions of temperatures
and times specified in Table 5. Thus, a 1 um-thick
alumina film was formed on the resin plate, and the
contact angle of the films was 15° to 20°. The film
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particles of an inorganic oxide have a nean particle dianeter of 50 [err]
to 10 [err]m 4. An ink passage according to claim1, wherein the film
conprising the fine particles of an inorganic oxide has a thickness of 50
[err] to 10 [err]m 5. An ink pa3ksage according to claiml1, which
conprises a base material conprising a resin, silicon, glass, a ceramc or
a netal or a conposite material. 6. An |nk passage according to any one
of clains def@ndthWherei avabeapadsage aswerdr of 18w iy¥s§ ehndecor dape head.

peeling test in the same manner as that of Example D1,
The results are given in Table 5.

Table 5

Heating temp. 110 120 (120|120 130
Heating time 6 1 3 6 1
Thickness of film < 0.1} 0.2 (0.5 1 1
after washing with
running water (um)

Contact angle. 30 20 20 ] 20 20
Tape peeling peeled|< 0.1 | 1 1 1

Contact angle - 30 20| 20 20

From the results, it is apparent that the treatment
at a temperature of about 120 to 130°C can provide a
satisfactory film bonding strength.

As is apparent from the results of Example A2, the
film subjected to a treatment at a temperature of 80°C
had a strength satisfactory for practical use. It is
surprising that the film strength can be improved by a
treatment at a temperature of about 120 to 130°C.

(3) Evaluation of Performance of Recording Head

A first substrate and a second substrate each
comprising a polycarbonate resin were washed and dried,
and the portions to be bonded were masked by taping,
resist or the like. The above-described alumina sol was
coated on the surface of the polycarbonate resin by
dipping or spin coating. The coating was maintained at
120°C for 6 hr to remove physically adsorbed water and,
at the same time, to immobilize alumina particles. The
mask was removed, and these substrates comprising a
polycarbonate resin were joined to each other through a
solvent cement, and the resultant laminate was heated at
80°C for bonding. Thereafter, the nozzle portion of the
tip of the head was cut. In the recording head thus
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7. A process for coating a base material of an ink passage, said process
bei ng characterised by the steps of (a) coating a sol conprising fine
particles of an inorganic oxide dispersed therein on the base nmateri al
whereby to forma 28 35

prepared, an about 0.4 gm-thick film comprising  fine
particleéof alumina was formed on the whole surface of
the paséage which comes into contact with an ink.

This recording head was mounted on an ink Jjet
recording device, and a printing test was conducted. As
a result, neither omission of dot nor disturbance of.
printing occurred, and an excellent hydrophilic effect
was confirmed within the head. Printing was continuously
conducted at room temperature for 1000 hr. No printing
failure was observed, and a good long-term reliability
could be attained. The ink was withdrawn from the ink
jet recording head, the recording head was allowed to
stand at 70°C for 5 days, and a bubble discharge test was
conducted. As a result, no trouble such as omission of
dot or disturbance of printing occurred. Thus, it was
confirmed that the hydrophilic effect was maintained
without deterioration and the bubbles formed within the
ink passage could be easily removed by a simple discharge
operation.

Example D3

(1) Preparation of Sol

A sol comprising fine particlesof zirconia having
a mean particle- diameter of 0.02 um dispersed in a
solvent composed mainly of ethanol to a concentration of
0.05% by weight was prepared in the same manner as that
of Example B3.

The temperature for removing physically adsorbed
water in this sol was 170°C as measured by a differential
thermal analysis.

(2) Evaluation of Bonding Strength

The sol prepared in the above item (1) was coated on
a flat plate of a polyethersulfone resin, and the coated
resin was heat-treated under conditions of temperatures
and times specified in Table 6.- Thus, a 2 gm-thick £ilm
was formed on the resin plate, and the contact angle of
the films was 20° to 25°. The film strength was
evaluated by a water flow test and a tape peeling test in
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resul tant coating, and (b) drying the resultant coating, said fine
particles conprising an inorgani c oxide having a hydrophilic group and
bei ng bonded to each other and being present in said coating in a size and
anount which inparts sufficient hydrophilicity to the base material to
cause rapid discharge of bubbl es2d ormed within the ink passage. 8. A
process according to claim7, wherein the resultant coating conprises
physical l'y adsorbed water and the drying in step (b) is conducted by

heati ng t & esaReamMandih &g £Bast dfe¥ampienpédrat uFeendesiddisy a6¢
reaningtdy%émy§ﬁ0@gbyea@§orbed wat er . 9. A process according to claim
7, wherein the base materi al

Table 6

Heating temp. 150 160 |[170{170} 180
Heating time 1 1 1] 3 1
Thickness of film < 0.1j< 0.1} 1 2 2
after washing with
running water (um)

Contact angle 40 30 25 | 25 25
Tape peeling | peeled|peeled| 2 2 2

Contact angle - - 25 | 25 25

From the results, it is apparent that the treatment
at a temperature of about 170 to 180°C can provide a
satisfactory film bonding strength.

" As is apparent from the results of Example B3, the
film subjected to a treatment at a temperature of 80°C
had a strength satisfactory for practical use. It is
surprising that the film strength can be improved by a
treatment at a temperature of about 170 to 180°C.

(3) Evaluation of Performance of Recording Head

A first substrate and a second substrate each
comprising a polyethersulfone resin were washed and
dried, and these substrates comprising a polyethersulfone
resin were Jjoined to each other through an epoxy
adhesive, and the resultant laminate was heated at 80°C
for bonding. ‘

The above-described sol was injected by means of a
pump into the recording head while circulating to coat
the sol on the surface of the polyethersulfone resin.
The recording head was dried at 80°C and then heat-
treated at 180°C for one hour. Thereafter, the nozzle

~ portion of the tip of the head was cut. 1In the recording
head thus prepared, an about 400 A-thick film comprising
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conprises a resin, silicon, glass, a ceramc, a netal or a conposite
material, and wherein after coating the sol conprising the fine particles

of an inorganic oxide dispersed therein on the base material,

the resultant

coating is heated to a heat defodthmtion tenperature of the base materi al

10. A process according to claim8, wherein the sol further
coupling agent process accordlng to claim 8, wherei

conprises a
n the sol

conprises a é&levéi’ﬁr%l’s LIPS p AL ng¥ A it L?rﬁmeéial?i“stt}lh\?erﬁh%? n§UEEABSsed
mai nly of oantREYRAIsE 2@ WAiilch comes into contact with an ink.

This recording head was mounted on an

ink Jet

recording device, and a printing test was conducted in

the same manner as that of Examples Dl and D2. The

results were substantially the same as those of Examples

Dl and D2.
Example El

(1) Preparation of Sol

Fine particles of silicon dioxide having a mean

particle diameter of 0.01 zm (AEROSIL 200 manufactured

by Nippon Aerosil Co., Ltd.) were dispersed in

a mixed

solvent comprising 50% by weight of ethanol and 50% by

weight of 2-ethoxyethanol to a concentration of 1% by

weight. To the dispersion was added 0.1% by weight of

aminosilane (SILA-ACE S330 manufactured by
Corporation) as a silane coupling agent.

Chisso

(2) Production of Recording Head and its Evaluation

A first substrate and a second substrate each

comprising a polysulfone resin were washed and dried, and

these substrates comprising a polysulfone resin were

joined to each other through a solvent cement,

and the

resultant laminate was heated at 80°C for bonding.

The above-described silica sol was injected by means

of a pump into the recording head while applying suction,
and excess sol was then removed by empty suction. The
recording head was dried at 80°C, and the nozzle portion
of the tip of the head was cut. In the recording head
thus prepared, an about 1 pm-thick £ilm comprising
fine Dartlclesof silicon dioxide was formed on the whole
surface of the passage which comes into contact with an
ink.

This recording head was mounted on an ink Jjet
recording device, and a printing test was conducted. As
a result, neither omission of dot nor disturbance of
printing occurred, and an excellent hydrophilic effect
was confirmed within the head. The ink was withdrawn
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12. A process as clained in claim7, wherein said fine particles are
conposed mainly of an oxide of at |east one elenent selected fromthe group
consisting of alum nium zirconium silicon, titanium tin, indium zinc,

| ead, gernmani um hafnium chrom udl copper, iron, cobalt, nickel

manganese, vanadi um niobium tantal um and nol ybdenum 13. A process as
cl ai med i n felom ntHe \ifmde ejett recohirdd neariesd es thay er ecordbnpatidad ewas

di-amet er 0%f¥%J§§r]téo éga grrig1 70°C for S5 days, and a bubble
discharge test was conducted. Specifically, an ink was
sucked at a suction rate of 0.1 ml/sec for a given period
of time, and printing was then conducted to determine a
time taken for the bubbles remaining within the passage
to be completely discharged and troubles such as omission
of dot and disturbance of printing to be eliminated. As
a result, these troubles could be completely eliminated
in a suction time of 1 .to 5 sec. Specifically, it was
confirmed that the hydrophilic effect was maintained
without deterioration and the bubbles formed within the
ink passage could be easily removed by a simple discharge
operation.
Example E2

(1) Preparation of Sol

A sol -comprising . fine particlé;of alumina in a rod
form having a mean particle diameter?of 0.02 um (Alumina
Sol 520 manufactured by Nissan Chemical Industries, Ltd.)
was diluted with methanol to a concentration of 0.5% by
weight to give-a dilute sol. To the dispersion was added
0.05% by weight of aminosilane (SH6020 manufactured by
Toray Silicone Co., Ltd.) as a silane coupling agent.
(2) Production of Recording Head and its Evaluation

The above-described alumina sol was injected by
means of a pump while applying suction into a recording
head comprising a first substrate which comprises a
stainless steel plate having a pattern groove comprising
an acrylic photocuring resin for an ink passage and a
second substrate comprising glass and chromium sputtered
thereon, and excess sol was then removed by empty
suction. The recording head was dried at 140°C. 1In the
recording head thus prepared, an about 800 A-thick film
comprising  fine particlesof alumina was formed on the
whole surface of the paséége which comes into contact
with an ink.
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36 14. A process as clained in claim7, wherein the filmhas a
t hi ckness of 50 [err] to 10 [err]m

32

This recording head was ‘mounted on an ink jet
recorainé device, and a printing test was conducted. As
a result, neither omission of dot nor disturbance of
printing occurred, and an excellent hydrophilic effect
was confirmed within the head. The ink was withdrawn
from the ink jet recording head, the recording head was
allowed to stand at 70°C for 5 days, and a bubble
discharge test was conducted in the same ﬁanner as that
of Example Al. Specifically, an ink was sucked at a
suction rate of 0.1 ml/sec for a given period of time,
and printing was then conducted to determine a time taken
for the bubbles remaining within the passage to be
completely discharged and troubles such as omission of
dot and disturbance of printing to be eliminated. As a
result, these troubles could be completely eliminated in
a2 suction time of 1 to 5 sec. Specifically, it was
confirmed .that the hydrophilic effect was maintained
without deteriorztion and the bubbles formed within the
ink passage could be easily removed by a2 simple discharge
operation.

Example E3
(1) Preparation of Sol

A sol comprising fine particlesof zirconium oxide
having a mean particle diameter of 0.07 um (2Zirconia Sol
NzZS-20A manufactured by Nissan Chemical Industries, Ltd.)
was diluted with a solvent composed mainly of methanol to
a concentration of 0.02% by weight, and 0.02% by weight
of y—glycidoxypropyltrimethoxysilane was added thereto as
a silane coupling agent.

(2) Production of Recording Head and its Evaluation

The above-described zirconia sol was injected by
means of a pump while applying suction into a recording
head comprising a first substrate which comprises a glass
plate having a pattern groove comprising an acrylic
photocuring resin for an 1ink passage and a second
substrate comprising silicon and ITO sputtered thereon,
and excess sol was then removed by empty suction. The
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recording head was dried at 120°C. In the recording head
thus prepared, an about 0.2 um-thick £ilm comprising a
fine particle of zirconia was formed on the whole surface
of the passage which comes into contact with an ink.

This recording head was mounted on an ink jet
recording device, and a printing test was conducted. As
a result, neither omission of dot nor disturbance of
printing occurred, and an excellent hydrophilic effect
was confirmed within the head. The ink was withdrawn
from the ink jet recording head, the recording head was
allowed to stand at 70°C for 5 days, and a bubble
discharge test was conducted in the same manner as that
of Example Al. Specifically, an ink was sucked at a
suction rate of 0.1 ml/sec for a given period of time,
and printing was then conducted to determine a time taken
for the bubbles remaining within the passage to be
completely. discharged and troubles such as omission of
dot and disturbance of printing to be eliminated. Aas a
result, these troubles could be completely eliminated in
a suction time of 1 to 5 sec. Specifically, it was
confirmed that the hydrophilic effect was maintained
without deterioration and the bubbles formed within the
ink passage could be easily removed by a simple discharge
operafion.

[
]
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CLAIMS
1. An ink passage having a surface which has a hydrophilic

film, characterised in that the film (31) comprises fine
particles of an inorganic oxide having a hydrophilic group,
said fine particles being bonded to each other and being
present in. said film in a size and amount which imparts
sufficient hydrophilicity to the surface to cause rapid
discharge of bubbles formed within the ink passage.

2. An ink passage according to claim 1, wherein the fine
particles of an inorganic oxide are composed mainly of an
oxide of at 1least one element selected from the group
consisting of aluminium, zirconium, silicon, titanium, tin,
indium, zinc, lead, germanium, hafnium, chromium, copper,
iron, cobalt, nickel, manganese, vanadium, niobium, tantalum

and molybdenun.

3. An ink passage according to claim 1, wherein the fine
particles of an inorganic oxide have a mean particle diameter
of 50 & to 10 pm.

4. An ink passage according to claim 1, wherein the film
comprising the fine particles of an inorganic oxidec*has a
thickness of 50 & to 10 um.

5. An ink passage according to claim 1, which comprises a
base material comprising a resin, silicon, glass, a ceramic

or a metal or a composite material.

6. An ink passage according to any one of claims 1 to 5,
wherein the passage is part of an ink jet recording head.

7. A process for coating a base material of an ink passage,
saild process being characterised by the steps of (a) coating
a sol comprising fine particles of an inorganic oxide
dispersed therein on the base material whereby to form a
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resultant coating, and (b) drying the resultant coating, said
fine particles comprising an inorganic oxide having a
hydrophilic group and being bonded to each other and being
present in said coating in a size and amount which imparts
sufficient hydrophilicity to the base material to cause rapid
discharge of bubbles formed within the ink passage.

8. A process accordiﬁg to claim 7, wherein the resultant
coating comprises physically adsorbed water and the drying in
step (b) is conducted by heating the resultant coating to at
least a temperature necessary for removing the physically

adsorbed water.

9. A process according to claim 7, wherein the base material
comprises a resin, silicon, glass, a ceramic, a metal or a
composite material, and wherein after coating the sol
comprising the fine particles of an inorganic oxide dispersed
therein on the base material, the resultant coating is heated

to a heat deformation temperature of the base material.

10. A process according to claim 8, wherein the sol further

comprises a coupling agent.

11. A process according to claim 8, wherein the sol comprises
a solvent as a dispersing medium, said solvent being composed

mainly of an organic solvent.

12. A process as claimed in claim 7, wherein said fine
particles are composed mainly of an oxide of at least one
element selected from the group consisting of aluminium,
zirconium, silicon, titanium, tin, indium, zinc, lead,
'germanium, hafnium, chromium, copper, iron, cobalt, nickel,
manganese, vanadium, niobium,

tantalum and molybdenum.

13. A process as claimed in claim 7, wherein the fine

particles have a mean particle diameter of 50 & to 10 um.
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14, A process as claimed in claim 7, wherein the film has a thickness
of 50 A to 10 pm.

This is the raplacament sheel

15 OCT W97

Date:



——32

A ASSS NN
AN AW Y
—

D

This is the replacement sheet

Y5 0T 1897

Date;



I504¢98~2_ xtE"

- 37 -
REPLACEMENT SHEET

HYDROPHILIC INK PASSAGE

ABSTRACT

The present invention relates to an ink passage
having surface which has a £film comprising a £ine
particle of an inorganic oxide having a hydrophilic
group.

The surface of the ink passage according to the
present invention has a high hydrophilicity and can
rapidly remove bubbles formed within the ink passage.
The recording head according to the present invention
need not conduct £illing of a liquid: in the course of
transportation and can be transported in an empty state.
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