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. PRINTING HEADS FOR USE IN INK JET PRINTING AND
METHOD FOR PRODUCING THE SAME

BACKGROUND OF THE INVENTION
5 rield of the Invention - .
The present invention relates to heads for use in

ink jet printing, and more particularly to heads for use
~in ink jet pfinting, having improved resistance to inks
containing acetylene glycol, glycol ether or the like.
10 Background Art '

In general, a printing head for use in an ink jet
printing method comprises an orifice from which a
printing ink is jetted; an ink channel, .connected to the
orifice, having a portion at which energy is applied to a

15 printing ink so that the ink can be jetted; and an ink
container in which'a'printing ink to be.supplied to the
ink channel is stored. There has been known, as a method
for producing such a head for use in ink jet printing, a
method in which an ink channel is formed by providing a

20 minute groove in a substrate made of glass, a metal or
the like by means of, for instance, cutting or etching,
and by attaching thereto another substrate. Further,
Japanese Laid-Open Patent Publication No. 43876/1982
discloses a method in -which an activation-energy-ray-

25 hardening resin is coated onto a first substrate and
subjected to desired-pattern-wise exposure and then to
development to form therein a groove for an ink channel,
followed by attaching thereto a second substrate to

_ finally form an ink channel;  Furthermore, Japanese Laid-
30 Open Patent Publication No. 191053/1992 discloses a
method in which a head for use in ink jet printing is
produced in the same way 'as the above method, .by

superposing several layers of resin compositions.
These methods uSing ‘an activétion~energy-ray-

35 hardening resin are advantageous in that a minute channel
for a liquid can_be accurately formed with high_yield and

c
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In general a printing head for use in an i nk jet printing nethod conprlses
anforifice fromwhich a printing ink is jetg ted; an ink chqug+-eenneded_.
to the orifice, having a portion at which energy is applied %g%ilﬂﬁ$ﬁ§EN
ink so that the ink can be jetted: and an ink container i n-wac HEDt i ng
ink to be supplied to the ink channel is stored. There has been known, as a
met hod for producing such a head for use in ink jet printing, a nethod I n
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etching. and bgaat beckasdlyhat¢adnadat her substrate. Further, Japanese
Lai d-Open Patent Pugligabi ganlle ¥ 5 W P FPFSient ink containing
acetylene glycol or the like has been recently used as an
5 1ink composition for Lnk jet printing.

~ However, when such an ink composition containing
ACetylene glycol, glycol ether or the like is applied to
theé above head produced by using an activation-energy-

_ ray?hardening resin, there has been observed such a
10 phenomenon that the resin used for the head is damaged by
| ~ the ink'composition. Due to this phenomenoh, there has
been a limitation on the use of the highly efficient ink
composition containing acetylene glycol or the 1like to
Ehe-printing_head producéd by using an activation-energy-
15 ray-hardening resin.’
| SUMMARY OF THE INVENTION
An object of the present invention is to provide a
printing head comprising an activation-energy-ray-
hardening resin, having resistance to highly efficient
20 ink compositiqns containing acetylene glycol or the like.
We have now found that the hardened state of an
activation-energy—ray-hérdening resin used is élosely
:eiated to the resistance to the ink compositions of the
~ above type. The present invention has been accomplished
25 on the basis of this finding.-

' Accotding to the first embodiment of the present
invention, there is provided a printing head for use in
ink jet printing, comprising an ink-jetting nozzle and an

" ink channel connected to the ink-jetting nozzle,
30 "at least a_part'of'the ink channel comprising an
activation-energy-ray-hardening resin,

the actiVation-energy-ray-hardening. resin being in

such a hardened,state that the ratio (S) of the infrared

spectral absorbance of an absorption peak observed

35 between 1600 and 1650 cm™! to the one observed between
1360 and 1400 cm™! is in the range of 0.05 to 0.5.
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a net hod in which an activation-energy-ray-hardening resin is coated onto a
fifst” stibstrate and subjected to desired- pattern-w se expos

en to

devel opnment to formtherein a groove for amink channel, foH<ﬂﬂ§ﬁHﬂErHAsBEEN
attaching thereto a second substrate to finally forman ink ann&EPLACED

Furt her nore,

di scl oses a method in which a head for
in the sane way as the above nethod, by superposing several |ayers of resin

conposi tions.

Japanese Lai d- Open Patent Publication No. 191053/1992
use in ink jet printing is produced
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nven 1on, there 1skpkov1@%gja printing head for use in
ink jet printing, comprising an ink-jetting nozzle and an
ink channel connected to the ink-jetting nozzle,
at least a part of the ink channel comprising an
activation-energy-ray-hardening resin, '
the activation-energy—-ray-hardening resin being in

such a hardened state that the ratio (J) of the infrared

spectral absorbance of an absorption peak "observed
between 900 and 920 cm™! to the one observed between 1360

~and 1400 cm™ is in the range of 0.13 to 0.26.

-According to the third embodiment of the present
invention, there is provided a printing head for use in
ink jet printing, comprising an ink-jetting nozzle and an

-ink channel connected to the ink-jetting nozzle,

at least a part of the ink channel comprising an
activation-energy-ray-hardening resin, |

the activation-energy-ray-hardening resin being in
such a hardened state that the hardened resin after
immersed in a 1% ‘acetylene 'glycol solution at a
temperature of 70°C for 15 days shows a drop of 0.07 to

0.5 in the Vickers Hardness against the one before

subjected to the immersion. - _
"Further, the present invention also provides. a

‘method for producing any one of the above printing heads,

comprising the steps of:

placing an éctivation-energy-ray-hardening resin on
a first substrate, o

irradiating the resih'with activation'energy rays to
conduct desired-pattern-wise exposure,

removing the unhardened area of the resin to form a

. groove which will be an ink channel,

placing a second substrate on the resin provided on
the first substrate to assemble a printing head, and

irradiating the printing head with activation energy
rays in such an amount as is requlred to make the resin
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These nethods usi ng an activati on- energy ray- har deni ng’ resin are

adVant ajeous in that a minute channel for ] lig- uid can be accurately
formed with high yield and that the mass production of a head_havi ng such a
can be eas- ily attained. On the other hand, a hi gl‘l‘yHlsfs‘HE(gTqm

channel

contai ni ng acetylene glycol or the |ike has been recently ysed are@mdgh ﬁ(é

]

conposition for ink jet printing. However, when such an ink conposrtiofr
contai ning acetyl ene glycaol, %chol ether_or the like is applied to the

above
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into a hardened “state which is defmed in the above,
respectively.
BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings,

Fig. 1 1is a partial cross-sectional view of a
printing head according to the present invention:;

Fig. 2(a) 1is a cross-sectional view of first
substrate 11 on which first layer 13 of an activation-
energy-ray-hardening resin is formed and which is
subjected to desired—patterh-wise exposure (activation
energy rays are indicated by arrows); _

Fig. 2(b) is a cross-sectional view of the first
substrate 11 on which unhardened areas of the first layer
13 are removed; , '

Fig. 2(c) is a cross-sectional view of the first
substrate 11 to which the_Second substrate 12 is faced;
and _ .

Fig. 2(d) is a cross-sectional view of the first
substrate 11 and the second substrate 12 attached to
first substrate 11 which are both irradiated with
activation energy rays (adtivation energy rays are
indicated by arrows).

DETAILED DESCRIPTION OF THE INVENTION

In this disclosure, an activation-energy-ray-
hardening resin means a resin having a property that it
is hardened due to polymerization or the 1like when
irradiated with active energy rays, for instance, visible
light, ultraviolet rays or electron beams. Resins having
such a property have already been known, and can be
utilized in the present invention, Many_of these resins
contain molecules having an ethylenically unsaturated

. bond or a functional group such as an epoxy group, and

polymerization between the molecules proceeds through the
functional group when activation energy rays are applied
thereto. The resins are thus hardened due to this
polymerization.
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head produced by using an activation-energy- ray-hardening resin,_ there has
beén ob8erved such a phenonenon that the resin used for the h&4dis grgpitamaged

by the ink conmposition. Due to this pheno on, there has been a.REpLAJ‘QﬁEEN
on the use of the highly efficient ink conposition containing acety RED _
glycol or the like to the printing. head produced by using an
activation-energy-ray-hardening resin. SUVWARY OF THE | NVENTI ON An obj ect

of the present invention is to provide a printing head conprising an
activati on-ener gy-r 8pekafdeniexgmples of the resin which can be utilized

in the present invention include those resins which
contain a monomer having an ethylenically unsaturated
‘bond.  Examples of such a monomer include unsaturated

5 monomers containing a carboxyl group, such as acrylic
acid and methacrylic acid; unsaturated monomers
containing a glycidyl group, such as glycidylacrylate and
glycidylmethacrylate; hydroxyacryl esters of acrylic acid
or methacrylic acid, such as hydroxyethylacrylate,

10 hydroxyethylmethacrylate,' hydroxypropylacrylate and
hydroxypropylmethacrylate; and monomers having one or
more ethylenically unsaturated bond, such as a moncester
of acrylic acid or methacrylic acid and polyethylene
glycol or polypropylene glycol.

15 Examples of another resin Which can be utilized in
the present invention include those resins which contain

an epoxy dgroup in the structure thereof. Specific

examples of such a resin include epoxy resins such as of

a bisphenol A type, of a novolak type, and of an

20 alicyclic type. 1In addition, bisphenol A, bisphenol F,

tetrahydroxyphenylmethane tettaglycidyl ether, resorcinol

glycidyl ether and glycerol triglycidyl ether can also be
utilized. _

A commércially available resin can also be utilized

25 in the present invention. Preferred examples of such a

" resin include "Photec SR-1300G", = "Photec SR-3000",

"Photec SR-2200G" and "Photec SR~2300G" (manufactured by

Hitachi Chemical Co., Ltd.); "Ohdil PR-150", "Ohdil

- PR-155", "Ohdil SE-200" and "Ohdil SP-700" (manufactured

30 by Tokyo Ohka Kogyo Co., Ltd.); and "A-400", "FH 5100"

and "FH 6100" (manufactured by Fuji Hunt Electronics
Technology Co., Ltd.).

The structure of a printing head accordihg to the -
present invention, and the method for producing the
35 printing head will now be explained by referring to the
accompanying drawings., '
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resin. havi ng resi stance to hlghly efficient ink conpositions containing
acétyl efle glycol or the like W have now found that the hardened state of

an activation-energy-ray-hardening resin used is closely reIan% o—t-he
resi stance to the ink conpositions of the above type The prje ;'3éﬁ¥3@ﬁﬁN
has been acconplished on the basis of this finding. Accordi4 +n SGED st

enbodi ment of the present invention, there is provided a prlntlng head or
use in ink.jet print- ing. conprising an ink-jetting nozzle and an ink
channel connected t Fighe ilnkipet @i npanbiale. cross-sectional view of a

printing head of the present invention. 1In the printing

head 10, first substrate 11 and second substrate 12 which

are made of glass, a resin, or a metal such as nickel or

5 stainless steel are provided, and between these

. substrates are formed layers 13, 14 and 15 of an

activation-energy-ray-hardening resin. In the resin

layers are provided ink channel 16 and pressure chamber

. 17, which are connected to each other. The ink channel

10 16 is connected to an ink-supplying part (not

illustrated), and an ink composition is thus supplied to

the ink channel. Pressure-generating means 18 such as a

piezoelectric element or an ‘exothermic element is

provided to the pressure chamber 17 so as to pressurize

15 the ink composition in the pressure chamber 17. A

droplet of the ink is jetted from ink nozzle 19 by the
pressure generated by this pressure-generating means 18.

The printing head having the above structure may be

produced by the following method.

20 The first 1layer 13 of an activation-energy-ray-

hardening resin is fifstly formed on the first substrate

11. This resin layer is then subjected to desired-

' pattern-wise exposure, for example, by using a pattern

mask or by means of scanning exposure (Fig. 2(a)). The

25 unexposed, unhardened area of the resin layer is removed

by using, for example, a solvent to form a groove which

will be an ink channel (This is a so called a developing

procéss) (Fig. 2(b)). If necessary, a second layer of an

“activation-energy-ray-hardening resin (layer 15 in Fig.

30 2(b)) can be provided on the first layer ‘13 in the same

way, and a groove can also be formed therein. Thellayer

15 can be formed by forming a layer of an activation-

energy-ray-hardening resin on the layer 13 which has been

hardened and developed, subjecting the layer to desired-

35 pattern-wise exposure, and then removing unhardened area

of the layer to form the layer 15. A groove which wili
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at least a part of the |nk channel conprising an
actli val i'on- ener gy-ray- hardeni ng resin, thevﬁctrvatron energy ray hardenrng
resin being in such a harened state that the ratio (S) of
spectral . absorbance of an absorption peak observed between i
cnferr] to the one observed between 1360 and 1400 cnferr] T
of 0.05 to 0.5. According to the second embodi ment of the present

i nvention, there is_provided a prlntlg% head for use_ in i Lln%
conprising an FhRaldyt bRy A8 7@K afd3 elnk’-%hé?ﬁ‘ﬁél t ?hglrs

I nk-jetting noggbstrate.

The second substrate 12 is attached to the first
substrate .11 which is provided with the groove for an ink
5 channel. It is noted that the second substrate 12 may .
‘also be one having thereon a groove of a desired pattern
provided by using an ‘activation-energy-ray-hardening
resin in the same manner as in the first substrate (Fig.

2(c)). | |
10 These two substrates are attached to each other in
the following manner. The two substrates are firstly
faced each other as shown in Fig. 2(c). The attachment
of the substrates may be conducted by using an adhesive
agent. However, according to the preferred embodiment of
15 the present invention, they are attached to each other
without using any adhesive agent. The resin layer
provided on the first substrate li,(ahd the resin layer
on the second substrate 12 if provided) is hardened to
such a degree that the resin layer can have minimum
20 hardness required to form a_ groove therein. The two

substrates are then brought into close contact with each
other with pressure, and heat and/or activation energy
rays are applied thereto to further harden the resin.
The two substrates can thus be firmly attached to each

25 other. When no adhesive agent is employed, activation
energy rays are to be applied from the outside of the
first and/or second substrates (Fig. 2(d)). Hence, the
activation energy rays are required to have high

- transmission like electron beams when the substrates are
30 not transparent. Although the intensity of electron
beams to be applied may be unlimited, when electron beams
with very high intensity are applied, there is a
possibility that ' the substrates are broken. It is
therefore preferable'to use an electron beam generator

35 having an accelerating voltage of approximately 150 to
300 KeV. The method using no adhesive agent is very

. suitable for the production of excellent printing heads,

-~ This Sheet Has Been' Rep
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at Ieast a part of the ink channel conprising an
act’i vat i on- energy-r hPatereB?enﬁnem@sd n. thegactivation-energy-ray- hardenl ng .

resin being in such
spectral absorbance

te that the ratio (J) of t qﬁglh

cnferr] to the one observe etmeen 1360 and 1400 cnferr] is
of 0.13 to 0 26. Accordlngh to the third enmbodi nent of the present

i nventi on,

i ng, conprisin
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i nk-j etting noduting the productlon process of printing heads.
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In the above method, a printing head according to
the present invention can be obtained by controlling the
irradiation . with activation energy ‘rays so. that the
activation-energy-ray-hardening resin will finally be in

the hardened state_set forth below.

‘The printing head according to the first embodiment
of the  present invention comprises an ink channel
connected to an ink-jetting nozzle, at least.a_part of
the ink channel comprising an activation-energy-ray-
hardening resin in the hardened state set forth below.
Namely, the hardened state of the resin is such that the
ratio (S) of the infrared spectral absorbance of an
absorption peak observed between 1600 to 1650 cm™! to the
one observed between 1360 to 1400 cm™! is in the range of

0.05 to 0.5, preferably 0.1 to 0.4. A printing head

having an ink channel which comprises an activation-
energy-ray-hardening resin having the value S, the ratio
between the above two absorption peaks, in the range is

- extremely stable to an ink composition containing

acetylene glycol or the like, which will be descrlbed
later, and ensures good ink jet printing.

According to the more preferred embodiment of the
first embodiment of the present invention, there is
provided a printing head having a value T of 3 or more
and 40 or less, preferably 5 or more and 30 or less, the
value T being defined by the follow1ng equation:

(Ef/El) x 100 '

_whereln Ef represents the ethylenically unsaturated bond

content of the resin in the head (that is, the resin
after hardened by exposure), and Ei represents the
ethylenically unsaturated bond content of the resin
before hardened. . o |

- The value Ef and Ei can be obtained, fo: example, in
the following manner. In the infrared spectrum, an
ethylenically unsaturated bond shows an absorption peek

on peak observed between 90 a HASBEEN
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at t he hardened resin after
‘5 tenperature of 70[err]Cfo

in the rahge of approximately 1600 to 1650 cm™!. "~ On the
other hand, in an activation-energy-ray-hardening resin,
there is a functional group which undergoes no change in
its structure before and after hardening by exposure. An
alkyl group which is an exampie of -a functional group of

this type shows an absorption peak in the range of

approximately 1360 to 1400 cm ! in the infrared spectrum.
The values Ei and Ef can be respectively obtained by
calculating the ratios of the absorbances of the
ethylenically unsaturated bond in the resin before and
after hardened to the absorbance of the absorption peak

attributed to an alkyl group.

A printing head having a value T in the above range
ensures more excellent ink jet printing.

Due to the definition of the value Ef, there is a
case where the value Ef is equal to the value S. The

" value T is therefore more preferable in the sense of

further restricting the value S. ' However, as is clear
also from Examples described later, even a printing head
comprising a resin in the hardened state defined by the
value S, which is obtained from the resin after hardened
by exposure, can also -bring about good results.
Therefore, a printing head comprising a hardened resin
which has either a value § or a value T in the above
range is included in the scope of the present invention.
A printing head according to the second embodiment
of the present invention comprises an ink channel
connected to an ink-jetting nozzle, at least a part of
the ink channel comprising an actiVation—energy—ray—
hardening resin in the hardened state set forth below.
Namely, the hardened state of the resin is such that the
ratio (J) of the 'infrared spectral absorbance of an
absorption peak. observed between 900 and 920 cm~! to the
one observed between 1360 and 1400 cm™! is in the range
of 0.13 to 0.26, preferably 0.15 to 0.24. A printing
head having an ink channel which comprises an activation-
energy-ray-hardening resin having a value J, a ratio




2 ers Hardness -agai bei ng subjected to the i mersion.
Further. the presentTmpggggﬁggmgkaﬂmgfOV|dqg a nethod for produci ng any one

of the above prining: ) ing the steps of: placi Ng &
activati on-energy-ray E H ﬂﬂn on a first substrate. _
resin wth activation conduct desired-pattern-

between the above two-absorption'peaks, in the range is
extremely stable to an ink composition containing
acetylene glycol or the 1like, which will be described
later, and ensures good ink jet printing. _

5 . According to the more preferred embodiment of the
second embodiment of the present invention, there is
provided a printing head having a value K of 40 or more
and 70 or less, preferably 45 or more and 60 or less, the
value K being defined by the following equation:

10 K = (P£/Pi) x 100 _
wherein Pf represents the epoxy group content of the
resin contained in the head (that is, the resin after
hardened by exposure), and Pi represents the epoxy group
content of the resin before hardened.
15 ‘The values Pf and Pi can be obtained, for example,
| in the following manner. 1In the infrared spectrum, an
epoxy group shows an absorption peak in the range of
approximately 900 to 920 cm™l. Therefore, as in the case
of the value T, the values Pi and Pf can be respectively
20 obtained by calculating the ratios of the absorbances
attributed to an epoxy' group in the resin before and
after hardened to the absorbance attributed to a.
functional group which undergoes no change in its
structure before and after the resin is hardened by
25 exposure. '
A printing head having a value K in the above range
ensures more excellent ink jet printing. _
'~ Due to the definition of the value Pf, there is a
case where the value Pf is equal to the value J. The

30 value K is therefore more preferable in the sense of
further restricting the value J. = However, as is clear
also from Examples desc:ibed later, even a printing head
comprising a resin in the hardened state .defined by the
value J, which is obtained from the resin after hardened

35 by exposure, can also bring about good results.

- Therefore, a printing head comprising a hardened resin
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which has either a value K or a value J in the above
range is included in the scope of the present invention.
| In the present invention, a printing head which
fulfills the requirements in the first and second
embodiments at the same time is preferred. Namely, a
preferable printing head is one comprising a hardened
resin whose S value is in the raﬁge of 0.05 to 0.5 and,
at the same time, whose J value is in the range of 0.13
to 0.26. _
Furthermore, according to another preferred
embodiment of the present invention, when electron beams
are applied from either the first substrate side or the
second substrate side in the first or second embddiment,
the sum total of the product of the density and the

‘thickness of the substrate to which the electron beans
‘are applied, and the product of the density and the

thickness of the resin layer is preferably 1 kg-m/m3 or
less, more preferably 0.7 kg-m/m3 or less. A printing
head which fulfills such a condition can be efficiently
hardened when electron beams are applied thereto. 1In the
case where electron beams are applied from both the first
substrate side and the second substrate side as shown in
Fig. 2(d), the sum total of the product of the density
and the thickness of the first and second substrate, and
the product of the density and the thickness of the resin
layer is preferably 2.0 kg-m/rci3 or less, more preferably
1.4 kgfm/m3 or less. In the second substrate 12 of the

_ printing head shown in Fig. 1, thin portions 20 are

provided so as not to impair the mechanical strength of
the printing head. It is also preferable to
substantlally decrease the above sum total by providing
such a thin portion 20. '

A printing-head accordlng to the third embodiment of
the present invention comprises an ink channel connected
to an ink-jetting nozzle, at least a part of the ink
channel comprising an activation-energy-ray-hardening

- resin in the hardened state set forth below. Namely, the



Fig. 1is a partial cross-sectional view of a printing hes

“the' present invention: Fig. 2(a) is a crosg9sectional vie

substrate 11 an which first layer 13 of an activati on- enerlgy=j-ay—

resin is formed and which is subjected to desired-pattern-w se €x

(activation energy rays are indicated by arrows). Fig. 2(b) is a

cross-sectional view of the first substrate 11 on which unhardened areas of
ved:

the first layefxall:%e%ré ate of the resin is such that the hardened
resin after immersed in a 1% acetylene glycol solution at
a temperature of 70°C for 15 days shows a drop of 0.07 to
0.5 in the Vickers hardness against the one before
5 subjected to the immersion. A printing head having an
ink channel which comprises a resin in such a hardened
state is extremely stable to an ink composition
containing acetylene glycol or the like, which will be
described later, and ensures good ink jet printing.

10 It is more preferable also in the third embodiment
of the present invention that the values T and K be in
the above respective ranges.

The printing heads according to the present
invention are extremely stable to ink compositions

15 containing acetylene glycol or the like, of which use to
conventional printing heads produced by using an
activation-energy-ray-hardening resin has been dlfflcult,

and ensure good ink jet printing.
Ink compositions containing ~acetylene glycol
20 represented, for example, by the following formula can be
mentioned as the ink compositions of which use to
conventional printing heads has been limited:

Rr2 R2
| _
25 . Rl—_C':—CEC_— (i‘,—-R"

0 - o
..cl:nz_. cI:H2

_ | (IZHz _ c|:32
_\l_/m '\'/n
H : H

wherein R!, R?, R3® and R* represent independently a lower

~ alkyl group, preferably a C;-g 2alkyl group, more

35 preferably a C,.4 alkyl group, and the total number of n
and m is from 0 to 30, preferably from 3 to 10.
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Fig. 2(c) is a cross-sectional V|em10f the first substrate 11 to which the
secdond substrate 12 is faced: and Fig. 2(d)jgs a cross-secti
the first substrate 11 and the-second substrate 12 attached
substrate 11 which are both irradiated with activation ener
(activation energy rays are indicated by arrows). DETAILED DESCRI :
THE INVENTION In this disclosure, an activation-energy-ray- ha{denlng resin
nmeans a resin having a property,that it_is dened due, t ol yneri zati on
or the like when i r&[?d:iegt gh"a@f‘?%’l@ﬁe% ,a?BFyfﬁgFaH&éfc% f4f e
| i ght. ultravi shewir dys the éfetlowing table:

Rl | R2 R3 RY n+m
5 - :
o No. 1 iso-butyl methyl methyl iso-butyl 10
No. 2 iso-butyl methyl methyl -iso-butyl 3.5
No. 3 ethyl . methyl methyl ethyl 10
No. 4 methyl methyl methyl methyi 0
10 No. 5 ethyl methyl methyl ethyl -0
No. 6 iso-butyl methyl methyl' iso-butyl 0

When an ink composition containing such acetylene
glycol is applied to a conventional printing head, the

15 resin in the printing head is dissolved or swollen, and,

- in addition, the resin layer is flaked off to damage the
printing head. For this reason, it has been difficult to
use the ink compositions of this type with conventional
printing heads. However, the printing heads according to

20 the present invention are extremely stable to the ink
compositions, so that they can achieve good ink jet
printing. - '

In addition to the above, the ink compositions which
are so difficult to apply to the conventional printing

25 heads include that containing as an organic solvent
glycol -ether such as triethylene glycol monobutyl ether,
diethylene glycol monobutyl ether, dipropylene glycol
monobutyl ether, propylene glycol monomethyl ether or
propylene glycol monobutyl ether.

30 There is no particular limitation on the formulatlon
of ink compositions containing the acetylene glycol,
glycol ether or the like, which can be applied to the
printing heads according to  the present invention.
However, those ink compositions which contain 0.1 to 10%

35 by weight, particularly 0.5 to 5% by weight of an organic
solvent such as acetylenelglycol are preferred.
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have al ready been known. and can- be

beans. Resins having such a pro er}
ny of i4ese resins contain nol ecul es

utilized in the pres P
“havi ng an et hyl eni cal ‘bond or a functional gr
epoxy group. and poly en the nol ecul es proce

QUP—SHE AZMBEEN
‘ 4 Yedhe
functional group when actlvatlon energy rays are applied thereto

resins are thus hardened due to this pol ymeri zati on. Specific‘gxanﬁles of
the resin which can e u resent_inyention include those
resins whi.ch contain ‘IR’ m)é%%é% |n€gaﬁset RAGHE CERBy §fsat et cBEBSRRE
Exanpl es of sua-lmvanhmmtmmawesl adewddeat nvanged obfnoappkicabion, and can
achieve good ink jet printing ‘along with various ink

compositions containing a variety of colorants, an
5 organic solvent and an additive.

For instance, either a dye or a pigment can be used
as the colorant. A coloring dye, a direct dye or a
reactive dye can be used as a dye; and carbon black or an
organic pigment of various types can be used as a

10 pigment. The amount of a colorant to be added is
determined in consideration of, for example, the density
of printed images. It is however preferable that the
amount of a colorant be approximately 0.5 to 10% of the
total weight of the ink composition. _ .

15 The printing heads according to the present
invention ensure good ink jet printing to ink
compositions prepared by using an orgaﬁic solvent
selected from alcohols having approximately 1 to 4 carbon
atoms, such as methanol, ethanol and propanol, ketones

20 and ethers. '

A wetting agent plays an important role in an ink
composition for ink jet printing. The printing heads
acéording to the present invention also ensure good ink
jet printing to ink compositions containing a variety of

25 wetting agents. Examples of the wetting agent include

- polyhydric alcohols such as glycerol, ethylene glycol,
diethylene glycol, triethylene glycol and propylene
glycol; nitrogen-containing compounds such as
dimethylformamide, 1,3-dimethyl-2-imidazolidinone, 2-

30 pyrrolidone and n-methyl-2-pyrrolidone; urea; and sugars.

Further, the printing heads'according to the present
invention also ensure good ink jet printing to ink
compositions containing other additives such as a
preservative, an antifungal agent, a chelating agent, a

35 surface active agent.

The present invention will now be explained more
specifically by referring to the following Examples.



talnlng .a carboxyl - q&pggﬂfﬁyﬁgn S ac ylic acid and nmet haerylic acid;

unsat ur at ed nonomer s C|dyI & oup. such as egC|dyIacryIate
and gl yci dyl met hacryl u est ers of acrylic acid ¢fs"aigtaGidd beeN |
acid, such as hydrox hydroxythylnethacrylate REPLACED

and nonto—ners—havi 1Y

hydr oxypr opyl acryl ate and hydroxypropylnethacrylate

one or nore et
acid or nethac
Exanpl es of an
i nclude those

hylenically unsat urated bond. such as a nnnoestFr of ?cryllc
rylic acid _and polyethylene glycol or polypropylene glyco

SV s ﬁ?\ﬁm presgnthelpveptien i 4St heo re]sJéWé edvaini @r
ddsmirtedubyc it ae:fhxﬁplles. '

Production of Printing Heads

Printing heads'aqéording to the present invention
were prepared in the following manner. An activation-
energy-ray-hardening resin ("Ohdil PR-155" manufactured

by Tokyo Ohka Kogyo Co., Ltd.) was coated onto the

10

15
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25
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35

surface of a first substrate made of stainless steel,
having a thickness of loo'ym. Then, the resin layer was
subjected  to desired-pattern-wise exposure (wavelength:
365 nm, exposure dose: 90 mJ/cm2?) four times. The
unhardened area of the resin layer was removed by using a
solvent to form a groove-which would be an ink channel.
As a result, the thickness of the resin layer became 400
pme. A second substrate made of nickel, having a
thickness of 30 um was placed on and attached to this
resin layer. This attachment was conducted in such a
manner that the first substrate and the second substrate
were brought into close contact with each other with the
application of pressure 800 g/cm® and heat 150°C, and
then electron beams were applied thereto from both the
first substrate side and the second substrate side. By
changing the exposure dose of the electron beams applied,
pPrinting heads in which the resin was in various hardened
states were obtained.
The hardened states of the resin in the printing
heads thus obtained are as shown in the following tables.
| Drops in Vickers hardness and Young's modulus shown
in the table were obtained by the following manner. A

sample film (size: 5 mm x 10 mm; thickness: 200 pm) was

prepared from thé same active-energy-ray-hardening resin
as was used for preparing the above prihting'head, by
making it into the same hardened state as in the above
printing head. The sample was immersed in 1% acétylene
glycol solution at 70°C for 15 days. The Vickers
hardness values and the Young's modulus values of the
sample before and after immersed were measured by an



epoxy group In the structure thereof. Speg*éic exanpl es at such a resin
i nél ude’epoxy resins such as of a bisphen A type,of a novol ak type. and

t et r ahydr oxyphenyl net hane t at - raglycidyl et her, resorcinol ycCl

of an alicyclic type. In addition, bisphenol A bisphenol F. é;?ﬂs 1§ETEE§BEE“

and glycerol triglyciyl ether can also be utilized. A conmer cteatty
~available resin can also be utilized in the present invention. Preferred
exanpl es of smagpaaraw n '1Maﬁaukawa3hﬁes'£kiSRCb300CLtd" Phatasu Sae8G0084. by

o Lid): " ongi ok AR, e o choGlEy (DRESY Shp 2 "alipd 40
(nanufactured1gma—100" manufactured by Selko Instruments Inc.,
respectively. The drop in the Vickers hardness and drop
5 in the Young's modulus are measured by the equations set
forth below. '

Drop in Vickers Vickers hardness after immersed

hardness = 1 = Jickers hardness before immersed
10 Drop in Young's Young's modulus after. immersed
modulus - Young's modulus before immersed

15
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35
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Tokyo Chka Kogyo Co. Ltd: and "A-400". "FH 5100" and "FH 6100"
(nanufactured by Fuji Hunt Electronics Tec |- ogy Co.. Ltd) The structure
of a printing head according to the present”invention, and the method for

producing the printing head will now be explained by referri
acconpanying drawings. Fig.1l is a partial cross-sectional V|=aﬁ%¥ %E;EASBEEN

printing head of the present invention in the printing head &8st °'§P
strate 11 and second substrate |2 which are mede of glass, a resin or a
metal such as nickel or stainless steel are pro-

Table 1

‘Drop in Drop in

S T Vickers Young's

hardness modulus
Example A1 0.47 38 0.48 0.38
" A2 0.42 34  0.33 0.32
A3 0.39 28  0.32 0.19
A4 0.31 19  0.21 0.10
A5 0.18 10 0.18 0.08
A6 0.11 5  0.11 0,06
‘A7 0.07 7 0.38 0.28
A8 0.25 25  0.11 0.08
A9 0.09 12  0.19 0.25
A10 0.41 31  0.44 0.33
All 0.06 5 0.08 0.09
Al2 0.18 11  0.20 0.12
Al3 0.32 24 0.25 0.18
Al4 0.48 35  0.45 0.35

Comparativé'

ExampleAl 0.04 2 0.08 0.04
A2 0.53 45  0.65 0.55
A3 0.62 52  0.69 0.49

A4 0.65 60  0.80 0.70
A5 0.03 2  0.05 0.02
A6 0.55 42 0.63 0.52
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vided, and between these substrates are formed |ayers 13.14 and 15 of an
activation-energy-ray-hardening resin.In t

channel 16 and pressure chanber 17, which are connected to e
i nk channel 16 is connected to an ink-supplying part (not i
an ink conmposition is thus supplied to the ink channel.

resin layers are provided ink

h.ather., The

JEH§ SHEED HA@@@EN] |

Pr esgur e- REREAGED NQ
means 18 such as a plezoelectric element or an exothermc elenment is :

provided to the pressure chanber 17 so as to pressurize the ink conposition
in the pressure chanber 17. A dropl et O&aBES-Enk is jetted

. Drop in Drop in

J K Vickers = Young's

hardness modulus
Example Bl 0.14 48 0.24 0.15
| B2 0.17 55  0.30 0.18
B3  0.17 75  0.35 0.21
B4 0.2 66 0.41 0.17

BS 0.2 30 0.28 0.14
B6 0.22 56  0.31 0.25

B7 0.23 73 0.44 0.35
B8 0.24 45 0.25 0.16
B9 0.24 52 0.32 0.18
B10 0.25 60 0.48 0.33

Comparative

Example BL 0.05 55 0.03 0.02
B2 0.12 32  0.06 0.04
B3 0.28 45 0.55 0.45
B4 0.33 82  0.65 0.70

This Sheet Has Been Replaced




3 fron1|nk nozzle 19 by the pressure generated by this pressure-generating
meahs 18! The printing head havimg—the abov ﬁ%structure may be produced by
the fol | owi ng met hcobhis SheseHisBest A% 13 Of

activation-energy-ra |n is firstly formed on the first
substrate 11. This r I "m"'”"r
THIS SHEET HAS BEEN

REPLACED
Table 3
_ Drop in Drop in
S J Vickers Young's
5 _ hardness modulus
Example C1 0.09 0.16 . 0.21 0.13
~ Cc2 0.33 0.21 0.18 0.08
C3 0.24 0.18 0.15 0.06
10 C4 0.47 0.14 0.29  0.18
c5 0.11 0.25 0.21 - - 0.12
C6 0.07 0.22 0.26 0.15
C7 0.29 0.13 0.27 0.16
C8 0.42 0.17 0.20 0.12
15 c9 0.19 0.15 0.10 0.05
Cl0 0.39 0.20 0.24 0.10
Comparative -
|Examplecl 0.73 0.09 0.55 0.45
C2 0.02 0.34 0.53  0.44
20 - €3 0.61 0.31 0.88 0.80

The density of the first substrate, that of the .
second substrate, and ‘that of the resin were
25 approximately 7.9 x 103 kg/m3, approximately 8.85 kg/m3
and 1000 kg/m3, respectively. Therefore, the sum total
of the product of the density and the thickness of the
first substrate, that of the second substrate, and that
of the resin layer was 1.87 kg/m3.
30 Evaluation of Printing Heads
(Ink Compositions)

In order to evaluate the printing heads thus
obtained, ink. compositions having the following
formulations were prepared.

35 In the following formulations, "3" means "3 by
weight"; and Acetylene glycols Nos. 1, 2, 5 and 6 are




Iayer

I's then subjected to desired-pattern-w se exposure.

for exanpl e.

by

using a pattern mask or by neans of scannigg exposure (Fig. 2(a)). The
is removed by using.

unexposed:
exanpl e.

'so call ed a devel opi ng process) (Fig. 2(b)).
of an act’ivation-energy-ray-hardening resin (layer
layer 13 in the same way. ] .
havdng sthensbeuebures whirhr @irgy sivereinothantable

provi ded on the first
forned t herei nthoge |

unhar dened.area of the resin |ayer
a solvent to forma groove which wll

be an ink ch
| f necessary,

15 in Fig.
and a groove can al so be

f or

Seco
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activation-enesEywnr pyeRdiodliylg resin on the layer 13 which has been

har dened and devel oped. _subj egti,n e |layer to desired-pattern-
En Comd051tlo

Acid Red 289 _
Diethylene glycol
Glycerol S
Aceéylene glycol No.
Water

Ink Composition II

10

15

Direct Blue 199
Glycerol
Triethylene glycol
Ethanol

Acetylene glycol No.
Water '

Ink Composition III

20

Direct Yellow 86
Glycerol

Urea

2-Pyrrolidone
Acetylene §1ycol No.
Acetylene glycol No.
Water -

- Ink Composition IV

25

30

Food Black 2
Diethylene glycol
1,3-Propane diol

- n-Propanol

Acetylene glycol No.
Acetylene glycol No.
Water

Ink Composition_v'

35

.Water

Direct Black 154

.Glycerol

Ethylene glycol

. Ethanol

qe.

q.

q.

qg.
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WI se exposure.

and then renDV|n unhardened area of the layer to formthe

| ayer 15. A groovéh ﬁﬁmﬁwpk *ﬁ&ily be an, nk channel is thus formed on

the first substrat
substrate 11 mhlch
noted that the second substrate 12 may al so be one having {H&H&SHEET §As®EEN
of a desired pattern provided by using an activation-energ}

ubstrate is attached to the first

th t he groove for an.ink [ijnnnl lt s
ay-RERLA€RDNg

resin in the sane manner as in the first substrate (Fig. 2(c)). These two
substrates are attadB&dGompositia@maITin the fol | owi ng manner. The two

substrates are firstly pacest epéinow 86 . 2%
Glycerol ' 33
2-Pyrrolidone - 3%

5 _ Water ) g.s. to 100%
Ink Composition VII |
Food Black 2 ' 43
Diethylene glycol | ; 103
1,3-Propane diol 5%
10 n-Propanol 4%
Water g.s. to 100%
Ink Composition VIII
Direct Blue 199 2%
Diethylene glycol ' 15%
15 Triethylene glycol monobutyl ether 103
' Water _ | - g.s. to 100%
Ink Composition IX _
Acid Red 289 | 23
Glycerol |  10%
20 Diethylene glycol monobutyl ether 10%
Acetylene glycol No. 5 . 1s
Water , g.s. to 100%
Ink Composition X o
Acid Yellow 23 - . 2%
25 2-Pyrrolidone : 10% -
Dipropylene glycol monobutyl ether 5%
Water : : g.s. to 100%

30

35

Items and Methods of Evaluation
Evaluation 1: Change in Young's Modulus

A sample film (size: 5 mm x 10 mm; thickness: 200
pum) was prepared from the same activation-energy-ray-
hardening resin as was used for preparing the ébove-
described printing head, by making it into the same
hardened state as in the above printing head.

This sample was immersed in the above ink
composition at 70°C for 15 days. The Young's modulus
values of the sample before and after immersed were



ot her as shown in Fj e at%achnent of the substrates may be
conducted by using ﬁ m‘i | Howev@®. according to the preferred

ehbodi ment of the pr n,_they are attached to ea
wi t hout using any ad he resin | ayer provided on tﬁﬁgﬁﬁi, HASBEEN

substrate 11 (and the resin layer on the second substrate 12=tf—p+6
I s hardened to such a degree that the resin | ayer can have nrnrnunlhardness

God8 ot hot vt ARt gR Byt B SdbagdiGud rOmDTORZ, B ReRcH ISR IR k8" ©
energy rays arelngipfunrentsecinco tFheurtltdo lefr ddre tYoung?s modiileug vof the
substrat es Canééﬁﬁige LEegty ehbachgthd L £36D O4hetneW'8He before the
immersion was evaluated in accordance with the follow1ng
5 criteria: _
1 - 0.8 or more: excellent (O)
less than 0.8 but 0.6 or more: good (O)
less than 0.6: poor (x)
Evaluation 2: Degreé of Swelling
10 The same sample as was used in Evaluation 1 was
employed. The ratios of the thickness, the length and
the width of the sample after the above immersion to
those of the sample before the immersion were
respectively obtained. The average of these three ratios
15 was obtained, and evaluated in accordance with the

following criteria:
l - 0.95 or more: excellent (O) _
less than 0.95 but 0.85 or more: good (O)
less than 0.85: poor (x)
20 Evaluation 3: Flaking
The above printing head was immersed in the above
ink composition at a surrounding temperature of 70°C for
15 days. Thereafter, the printing head was visually
observed as to whether the substrates or the resin layer
25 was flaked off or not, and evaluated in accordance with
the following criteria: | |
No flaking was observed: good- (O)
Flaking was slightly observed: slightly poor (A)
The substrates or the resin layer was completely
30 . flaked off: poor (x)
Evaluation 4: Printing Test
The above printihg'head was mounted on a printer,
and the ink  composition was charged in it. After
pringing was once conducted, the printer filled with the
'35 ink composition was allowed to stand at a surrounding
temperature of 50°C for one month. Thereafter, pfinting
. was restarted, and the printed images obtained were



no adhesjve agent is enployed. activation energy rays are to be applied
fromthe outside of the first and/or secon®®ub- strates (Fig. 2(d)).

Hence, the activation energy rays are required to have high transmn ssion

like el ectron beans when the substrates are not transparent. Lm NSMEHT RS pEEN |
intensity of electron beans to be applied may be unlimted, en ﬁanngﬁon ﬁ]
beans with very high intensity are applied. there is a pOSSIbI|Ity [ﬂdL the
substrates are b S ther fore pr.ef.- Q use an_elect eam
generat or havi g iﬁhl%b%il iPaperg” 8I"F§gé"b %b? t??’ri\ PYLP91 B5andas, EF

The net hod u5|myrnDEQMethae thentesponsey fyequelnicy bﬁ’uhuagrxnhmngdme@d

excel l ent printyig heasls. k@ecaysg/ap the%&e Wﬁe”ﬁ%e printing was

conducted. .
5 Printed images comparable to those
‘obtained initially were obtained: good (O)
Unevenness was observed in the printed images:
| | poor (x)
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be. cl og an i nk channel
t e above net hod.

during the production process of printing heads. In

a printing head accordinB4to the present

i nvention can be

obtai ned by controlling the irradia- tion with activation energy rays so
that the activation-energy-ray-hardening resin wll

finally Yermum df

hardened state set forth below. The printing head according §o theg ﬁ&;
enbodi nent of the present invention conprises an ink channel €
an ink-jetting nozzle. at least a part of the ink channel conprising an
activation-energy-ray-hardening resin:in the
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hardened state set forth bel ow Narel vy,
such that the ratio (S) of the infrared spgg%ral

absorption peak observed between 1600 to 1
is in the range of 0.05 to 0.5.

bet ween 1360 to 1400 cnferr]

to 0.4. A printing head having an ink channel
vation-energy-ray-hardeni ng resin having the value S.

above two absorption peaks.

whi ch conpri se

t he hardened state of the resin is
absor bance of an

cnferr] to the one observed
preferably 0.1
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Accordi ng to the nore preferred enbodi nent_of the first enbodi ment of the
present invention, there is provided a pﬂzﬁing head having a value T of 3

or nore and 40 or | ess,

bei ng defined by the foll ow ng equation:
represents the ethylenically unsaturated bond content of th
head (that is, the resin after hard- ened by exposure).

preferably 5 or nore and 30 or |ess
T=(Et/E) x 100 wh

wvalalo T

and Ei
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represents
the ethylenically unsaturated bond content of the resin before hardened.
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The value Ef and Ei

can be obt ai ned.

for exanpl e.

in the foll ow ng manner.

In the infrared spectrum an ethyl eni cal | Y2linsat ur at ed bond shows an

absorption peak in the range of approximately is 1600 to 1650 cnferr].
i n an activation-energy-ray-hardening resin.
group whi ch undergoes no change in its structure
An al kyl group which is an exanpl|eT8IS SHEET HAS BEEN

t he ot her hand,

functi onal

after hardeni ng by exposure.

functi onal
approxi mat el y

1360 to 1400 cnferr]

group of this type show an absorp- tion peak in th
in the infrared spectrum The val ues Ei

and Ef can be
absor bances of
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af ter hardened to the absorbance of the 3$iorptLon peak attributed to an
al kyl group A printing head heaving a v e T in the above ensures nore
axcellent ink jet printing. A printing head according to the second
enbodi ment of the present invention conprises an ink channel cgmm
| east a part of the ink channel

an ink-jetting nozzle, at

activation-enery-ray-hardening resin in the hardened state set

Nanely. the hardened state of the resin in such that the ratio (J) of the
infrared spectral _
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4 absorbance of an absorption peak observed between 900 and 920 cnierr] to
t he one observed between 1360 and 1400 cn{ezg] Is in the range of 0.13 to
0.26. preferably 0.15 to 0.24. A printing head having an ink channel which
conprises an activation-energy-ray-hardening resin having a value J. a

rati o between the above two absorption peaks. in the range
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S extrenely stable to an ink conposition containing acetylene gl ycol or
the like. which will be described later. a ensures good ink jet printing.
According to the nore preferred enbodi nent of the second enbodi ment of the
present invention. there is provided a printing head having a value K of 40
or more and 70 or less. preferably 45 or nore and 60 or |ess. the value K

- being defined by the follow ng equation: K = (Pf/Pi) x 100
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wherein Pt represents the epoxy group content of

head (that is.

epoxy group content of the resin before hardened. The va
for exanple. in the follow ng manner. In the infr red

be obt ai ned,

d in the

the resin after hardened by gKposu mllllﬁﬂg"{”m m ents t he

ues ' can

spectrum an epoxy group.shows an absorption peak.in the range ahﬂss
approxi mately SCO to 920 cnierr]. Therefore. as in the case of |the Vﬁiﬁie

and Pt can be respechﬁéggisog1‘& %9 Eéhcalculatlng tre—rat+es
of the absorbances attributed to a Bap—rR—ttle resin before and
after hardened X.0 the ahbsghimcingt theddit €drt ousef unrt iakal jgt oyr Wt iy,

t he val ues Pi

under goes no

S BEEN
D
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comprising an ink-jetting nozzle and an ink channel
connected to the ink-jetting nozzle, |

at least a pért of the ink channel comprising an
activation-energy-ray-hardening resin,

the activation-energy-ray-hardening resin being
in such a hardened state that the ratio (S) of the
infrared speétral absorbance of an absorption peak
observed between 1600 and 1650 cm™! to the one observed
between 1360 and 1400 cm™! is in the range of 0.05 to

0..5.

2. A ptinting head according to Claim 1, having a

value T of 3 or more and 40 or less, the value T being
defined by the following equation:
T = Ef/Ei x 100

wherein Ef represents the ethylenically unsaturated bond
content of the resin in the head, that is, the resin
after hardened by exposure, and Ei represents the
ethylenically unsaturated bond content of the resin
before hardened. '

3. A printing head for use in ink jet printing,
comprising an ink-jétting nozzle- and an ink channel
connected to the ink-jetting nozzle,

' at least a part of the ink channel compr151ng an
activat1on—energy—ray-harden1ng resin,

‘the activation-energy-ray-hardening resin being
in such a hardened state that the ratio (J) of the
infrared spectral absorbance of an absorption peak
observed between 900 and 920 cm™! to the one observed
between 1360 and 1400 cm™! is in the range of 0.13 to
0.26.

s
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change in its structure before a ter the resin is hardened by exposure.
A printing head V|n he ab range ensures nore excel!ent
ink jet printing. ﬁ “ﬂ ntion; printing head

the requirenents in w and se ond embodi ments at the s SBEEN
"preferred. Nanely, a preferable prln I ng head i s one conpri sihg
resin whose S value is in the range of 0.05 to 0.5 and. at the sane '
whose J value is in the range of 0.13 to 0.26. Furthernore. according to

anot her prefered enbod®mPainsinghcherdsascordian ith. Chadn & echavingeans

are value K of 40 or more and 70 or less, the value K being
defined by the following equation:
K = PE/Pi x 100
wherein Pf .represents the epoxy group content of the
resin in the head, that is, the resin after hardened by

exposure, and Pi represents the epoxy group content of
the resin before hardened. .

5. A printing head for use in ink jet printing,
comprising an ink-jetting nozzle and an ink channel
connected to the ink-jetting nozzle, | '

at least a part of the ink channel comprising an
activation—-energy-ray-hardening resin, . '

the aCtivation-energy-ray-hafdening resin being
in such a hardened state that the ratio (S) of the
infrared spectral absorbance of an ébsorption peak
observed between 1600 and 1650 cm‘l_to the one observed
between 1360 and 1400 cm™! is in the range of 0.05 to
0.5, and that the ratio (J) of the infrared spectral
absorbance of an absorption peak observed between 900 and
920 cm™! to the one observed between 1360 and 1400 cm~!
is in the range of 0.13 to 0.26.

6. A printing head according to any one of Claims 1
to 5, wherein the activation-energy-ray-hardening resin
is in such a hardened state that the hardened resin after
immersed in 1% acetylene glycol solution at- 70°c for 15
days shows a drop of 0.05 to 0.4 in the Young's modulus
against that of the hardened resin.befofe immersed.

7. A printing head for use in ‘ink jet printing,
comprising an .ink-jetting nozzle and an ink channel

- connected to the ink-jetting npzzle, |
' at least a part of the ink channel comprising an
activation—energy—ray-hardening resin,

Sheet Has Been Replaced
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applled fromeither the first substrate side or the second substate side in

‘the' first or second e n1to%gl of the -product of the density
and the thickness of !H@ﬁ gﬂﬂﬂﬂ mhlch the el ectron beansgate-applied
and the product of t

preferably 1 kg. minferr] or |ess. nDre preferably 0.7 kg .n nl_err] REPLACED

' thi ckness of the resin é?%ﬁSHEETHASBEEN

| ess. A printing head which fulfills such a condition can be efficienly

har dened when el ectron bearms are applied thereto. I.n the case where
el ectron beans are app! iR AGHHHIONRNSTGETrAYTRAFIRRIAG (T Ofid  heing

second substraie sutthaa Hwdened Figate( dhat hEhEUMatr@e&tiedOfréé\?n P gt
SﬁoéPe density, an%r%% trucfgeace yfg%%féfycofn oiu%ggg at 5%638 fo?nq th?
' days shows a drop of 0.07 to 0.5 in the Vickers hardness
against that of the hardened resin before immersed.

8. A printing head according to Claim 7, having a
value T of 3 or more and 40 or less, the value T being
defined by the following equation:
T = Ef/Ei x 100 .

wherein Ef represents the ethylenically unsaturated bond
content of the resin in the head, that is, the resin
after hardened by exposure, and Ei represents the
éthylenically unsaturated bond content of the resin
before hardened. '

9. A printing head according to Claim 3, having a
value K of 40 or more and 70 or less, the value K being
defined by the following equatlon-
= PE/Pi x 100

wherein Pf represents the epoxy gfoup. content of the
resin in the head, that is, the resin after hardened by
exposure, and Pi'representS'the epoxy group content of
the resin before hardened. | |

10. A method for producing a printing head for use
in ink jet printing which is defined by any one -of Claims
l to 9, compr1s1ng the steps of: |

placing an act1vat1on-energy—ray—harden1ng resin
on a first substrate, _ o |

irradiating the resin with activatidn"energy'
rays to conduct desired-patterh-wise exposure, |

removing " the unhardened area of the resin to
form a groove which will be an ink channel,

placing a second substrate on the fesin provided
on the first substrate to assemble a printing head, and

is Sheet Has Been Rep laced
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of the resin layer is preferably 2.0

uct of the density

kg. nirr[err] or Iesswm 14kg;34n1rr[err] or less. In the L
second substrate 12 mmmlmﬂ head shown in Fig. 1. thf EHH;%}# 72 p—
e' E e pr hﬁ;ﬁ%ﬁ

are provided so as not %o Y mai # t mechani cal strength of
head. It is also preferable to substantlally decrease the-a
by pro- viding such a thin portlon 20 A printing head according to the:

third enbodi mnent of the,pr .inve n conpri ses an_i nk, channel
connected to an ink-jethﬁ ﬁa ing E£ agflggbéﬂt Rrad hevith @adriation

conpri sing an anéngy i oaysnéngpuchy anaradeninty a€sis raqubeelard make the
resin into a hardened state which is defined by any one
of Claims 1 to 9.

11. ° A method according to Claim 10, wherein the
activation energy rays irradiated with after the second
substrate is placed are electron beams.

12. A method according to Claim 11, wherein the
irradiation_with'activation energy rays is conducted from
either the first substrate side or the second substrate
side, and the sum total of the product of the density and
the thickness of the subétrate-to which the activation
energy rays are applied, and the product of the density
and the thickness of the resin layer is 1 kg-m/m3 or
less.

13. A method according to Claim 11, wherein the
irradiation with activation energy rays-is'conducted.from
both the first substrate side and the second substrate
sidé, and the sum total of the product of the density and
the thickness of the two substrate and the product of the
density and the thickness of the resin layer is 2 kg-m/m3
or less. ' '
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ened state set forth bel ow hbnely

Vi ckers hardness agai nst the one before subjected to the

the.hardened state of theresin is such
that thé hardened resin after imersed.in &@5.% acetyl ene gl ycol solution at

a tenperate of 70[err]C for 15 days shows a drop at 0.07 to
P Lerr] C 1. v - P E*;gﬁgq i{i{' ' ETHAS BEEN

printing head having an ink channel which conprises a resi

PLACED

hardened state is extremely stable to an ink conposition containting
acetyl ene glycol or the like fﬁﬁs r. and ensures
good ink jet printing. It is Wﬁgg%ﬁﬂ dye (Hf ﬁzrurd enbodi nment
of the present invefXi ®Finfing heheaduefoT amsek e i ninke jebveprinting
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comprlslng an ink-jetting nozzle and an ink channel
connected to the ink-jetting nozzle, at least a part of
the ink channel comprising an activation-energy-ray-
hardening resin is disclosed. The resin in the printing
head has a certain hardened state. The printing head has
improved resistance to ink compositions containing.

acetylene glycol which sometimes damage the conventional

printing heads comprising an activation-energy-ray-
hardening resin, '
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respective ranges. The printing heads according to the present invention

are extrenely stable to ink conposition containing acety-

| ene gl ycol - or

t'he |i ke of which use to conventional printing heads produced by using an

“activen-energy-ray-harden- ing resin has been difficult an
jet printing. ink conposition contqung acetyl ene glycolr

exanpl e by the follow ng fornmul a can be nentioned as the

CTHIS SSHEEE HASOBEEN
nk coRpBAGHONS |

at which use to conventional printing heads has been limt
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5 [err] ;.wherein Rlerr], Rerr], Neh]
Iomér aIkyI gr oup. preferaby a CJerrl],

2/2

and R err] represent independently a
al kyl . group. nore preferabfy
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This Sheet Has Been Replaced PRINTING HEADS FOR USE IN INK JET PRINTING AND
““ll |I|I|| Ill III METHOD FOR PRODUCING THE SAME
| BACKGROUND OF THE INVENTION
Fleld of the Invention _
The present invention relates to heads for use in

“ink jet printing, and more particularly to heads for use
in ink jet printing, having improved resistance to inks

containing acetylene glycol, glycol ether or the like.
Background Art .

In general, a printing head for use in an ink jet
printing method comprises an orifice frém which a
printing ink is jetted; an ink channel, .connected to the-

orifice, having a portion at which energy is applied to a
prlntlng ink so that the ink can be jetted; and an ink
container in which a printing ink to be supplied to the
ink channel is stored. There has been known, as a method
for producing such a head for use in ink jet printing, a
method in which -an ink channel is formed by providing a
minute groove in a substrate made of glass, a metal or
the like by means of, for instance, cutting or etching,
and by attaching thereto another substrate. Further,
Japanese Laid-Open Patent Publication No. 43876/1982
discloses a method in. -which an 'activation—energy—ray-.
hatdening resin is coated onto a first substrate and
subjected to desired-pattern-wise exposure and then to
development to form therein a groove for an -ink channel,
followed by attaching thereto a second substrate to
f£inally form an ink channel. Furthermore, Japanese Laid-
Open Patent Publication No. 191053/1992 discloses a
method in which a head for use in ink jet printing is
produced in the same way as the above method, by
superposing several layers of resin compositions.

These methods using an actlvatlon—energy ray-
hardening resin are advantageous in that a minute channel
for a liquid can be accurately\ﬁpﬁmad w%t? qigh_y%eld and
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conventi onal
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printing hea
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the resin in &pe printi ng i
' the resin layer”is flaked
son, it has been difficull to use the Ink
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olf to damage tpe

conposi tions of this type with conventional printinglheads. However. the

that the mass production of a head having such a channel

can be easily attained.

On the other hand, a highly efficient ink containing
acetylene glycol or the like has been recently used as an
ink composition for ink jet printing.

However, when such an ink composition containing
acetylene glycol, glycol ether or the like is applied to
the above head produced by using an activation-energy-
ray-hardening resin, there has been observed such a
phenomenon that the resin used for the head is damaged by
the ink composition. Due to this phenomenon, there has
been a limitation on the use of the highly efficient ink
composition containing acetylene glycol or the like to
the printing head produced by using an activation-energy-

ray-hardening resin.

- SUMMARY OF THE INVENTION
An object of the present invention is to provide a
printing head comprising an activation-energy-ray-

hardening resin, having resistance to highly efficient
ink compositions containing acetylene glycol or the like.

‘We have now found that the hardened state of an
activatioh-energy—ray—hardening resin used is élosely
related to the resistance to the ink compositions of the
above type. The present invention haé been accomplished
on the basis of this finding.-

According to the first embodiment of the present
invention, there is provided a printing head for use in
ink jet printing, comprising an ink-jetting nozzle and an

"ink channel connected to the ink-jetting nozzle,

at least a part of the ink channel comprising an
activation—-energy-ray-hardening resin,
the activation-energy-ray-hardening resin being in

such a hardened state that the ratio (S) of the infrared -

spectral absorbance of an absorption peak observed
between 1600 and 1650 cm™! to the one observed between
1360 and 1400 cm™! is in the range of 0.05 to 0.5.



fhe ink conpositions, so-that theRERLATEDChI eve ggot—trk g. In
addition to the above .1he ink conpoSTTTOTS iC L&ﬁéMﬁNﬂfsﬂﬁﬁﬁ to apply

to the c&higaheeti fhg heads incluge that cdnt@ning as an dr dani c
sol vent gI m h as triethylene glycol nobquﬂ dgt hyl.ene
gl ycol . “di propyl ene gl ycol nonolut er, prorlylene

gl ycol nnnonethyl et her or propyl ene gl ycol nonobuti—etfrer

prfnting heads according to fﬁﬁSQHEEBmMsnﬂﬁfj}IOH are extrenely stable to

According to the second embodiment of the present
invention, there is‘provided a printing head for use in
ink jet printing, comprising an ink-jetting nozzle and an
ink channel connected to the ink-jetting nozzle,

at least a part of the ink channel comprising an
activation-energy-ray-hardening resin,

the activation-energy-ray-hardening resin being in
such a hardened state that the ratio (J) of the infrared
spectral absorbance of an absorption peak observed
between 900 and 920 cm™! to the one observed between 1360
and 1400 cm™ is in the range of 0.13 to 0.26.

According to' the third embodiment of the present
invention, there is provided a printing head for use in
ink jet printing, comprising an ink-jetting nozzle and an
ink channel connected to the ink-jetting nozzle,

at least a part of the ink channel comprising an
activation—energy-ray-hardening resin,

the activation-energy—ray—hardening resin being in
such a hardened state that the hardened resin after
immersed in a 1% acetylene glycol solution at a
temperature of 70°C for 15 days shows a drop of 0.07 to
0.5 in the Vickers Hardness against the one before
subjected to the immersion.

Further, the present invéntion also provides. a
‘method for producing any one of the above printing heads,
comprising the steps of: |

placing an.activation—energy—ray—hardening resin on
a first substrate,

irradiating the resin with activation energy rays to
conduct desired-pattern-wise exposure, |

removing the unhardened area of the resin to form a
groove which will be an ink channel,

placing a second substrate on the resin provided on
the first substrate to assemble a printing head, and

irradiating the printing head with activation energy
rays in such an amount as is required to make the resin



There is no particular limtation on the fnrauLa] Epy |
contai ning the acetyl ene glyol, Gy SHEET ha$ BEEN t herF ﬁi Lﬂﬁﬁp{ﬁ,ﬂﬁp@?ﬂb
applied to the printing heads afpcor dirRgpLAGER he prlesdnt] i nventi on.
those ink conposi- tions which eomtar™ U, to 10% by WEI 46t NOY 4996
0.5 to 5% by weight of an organic solvent as acetyl dngq gl ycol are
preferred. The printing heads according to the presgnt Tnvenntion a wijde
range of application and can achieve good ink jet pr | |
vari ous ink conposition containing a variety of colorants,an organic

olvent and an additi on.
into a hardened state which is defined in the above,

respectively.
BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings,

Fig. 1 1is a partial cross-sectional view of a
printihg head according to the present invention;

Fig. 2(a) is a cross-sectional view of first
substrate 11 on which first layer 13 of an activation-
energy-ray-hardening resin is formed and which is
subjected to desired-pattern—-wise exposure (activation

energy rays are indicated by arrows);

Fig. 2(b) is a cross-sectional view of the £first
substrate 11 on which unhardened areas of the first layer
13 are removed;

Fig. 2(c) is a cross—-sectional view of the €£first
substrate 11 to which'the second substrate 12 is faced;
and _ '

Fig. 2(d) is a cross—-sectional view of the first
substrate 11 and the second substrate 12 attached to
first substrate 11 which are both irradiated with
activation energy rays (activation energy rays are
indicated by arrows).'

DETAILED DESCRIPTiON OF THE INVENTION

In this disclosure, an activation-energy-ray-
hardening resin means a resin having a property that it
is hardened due to polymerization or the 1like when
irradiated with active energy rays, for instance, visible
light, ultraviolet rays or electron beams. Resins having
such a property have already been known, and can be
utilized in the present invention. Many of these resins

contain molecules having an ethylenically unsaturated
. bond or a functional group such as an epoxy group, and
polymerization between the molecules proceeds through the
functional grdup when activation energy rays are applied
thereto. The resins are thus hardened due to this

polymerization.
. This Sheet Has Been Replaced
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For instance,either a dye or a e gd as.the-celora
coloring dye, a direct dye or a rTg @Eagggggﬁ be uggﬂLM}ENENEyé}kEE?
carbon bl ack or an organic pigngnt rﬁ ﬁm" ets—types |c3 Sé

pi gnent. The anmount of a colorant to be gdded is detjerjm dN 0‘996
consideration of, for exanple the density of printed HBQEE. t Is
preferable that the anmount of a col orant be approxi nmat gly -O0-5—+6—10% of t he
total weight of the ink conposition. The printing hepds according to the
present invention ensure good ink jet printing to ink—eenposition prepared
by using an organic solvent from al cohols haV|ng approximately 1 to 4

car bon at ons, suclsprcintidiaexdanplémnof the resin which can be utilized

in the present invention include those resins which
contain a monomer having an ethylenically unsaturated
bond. Examples of such a monomer include unsaturated
monomers containing a carboxyl group, such as acrylic
acid and methacrYlic acid; unsaturated monomers
containing a glycidyl group, such as gly01dylacrylate and
glycidylmethacrylate; hydroxyacryl esters of acrylic acid
or methacrylic acid, such as hydroxyethylacrylate,
hydroxyethylmethacfylate, hydroxypropylacrylate and
hYdroxypfopylmethacrjlate; and monomers having one or
more ethylenically_unsaturated bond, such as a monoester
. of acrylic acid or methacrylic acid and polyethylene
glycol or polypropylene glycol.
Examples of another resin which can be utilized in
the present invention include those resins which contain
an epoxy groué in the structure thereof. Specific

examples of such a resin include epoxy resins such as of
a bisphenol A type, of a novolak type, and of an
alicyciic type. In adaition,_biéphenol A, bisphenol F,
tetrahydroxyphenylmefhane tetraglycidyl ether, resorcinol
glycidyl ether and glycerol triglycidyl ether can also be
utilized.

A commérciélly available resin can also be utilized
in the present invention. Preferred examples of such a
resin. include "Photec SR-1300G", "Photec SR-3000",
"Photec SR-2200G" and "Photec SR-2300G" (manufactured by
'Hitachi Chemical Co., Ltd.); "Ohdil PR-150", "Ohdil
PR-155", "Ohdil SE-200" and "Ohdil SP-700" (manufactured
by Tokyo Ohka Kogyo Co., Ltd.); and "A-400", "FH 5100"
and "FH 6100" (manufactured by 'Fuji Hunt Electronics
Technology Co., Ltd.).

The structure of a printing head accdrding to the
present invention, and the method for producing the
printing head will now_be.expiained by referring to the

accompanying drawings.
. pany . d 9 This Sheet Has Been Rep Iaced
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and\propanol kat ones and ethers. A wetting agent plays an inportant role

I-n an ink _conposition for ink jetj Hﬂh@%ﬁﬁQrHAE%EEN1'ting heads according to
6 This Sheet Has Been Rep laced ' : _REPLACED ' REPLAGEMENT SHEET
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Fig. 1 is a partial cross-sectional view of a
printing head of the present invention. In the printing
head 10, first substrate 11 and second substrate 12 which
are made of glass, a resin, or.a metal such as nickel or
stainless steel are provided, and between these
substrates are formed layers 13, 14 and 15 of an
activation—-energy~ray-hardening resin. In the resin
layers are provided ink channel 16 and pressure chamber
17, which are connected to each other. The ink channel
16 is connected to an ink-supplying part (not
illustrated), and an ink composition is thus supplied to
the ink channel. Pressure—generating means 18 such as a
piezoelectric element or an exothermic element is
provided to the pressure chamber 17 so as to pressurize
the ink composition in 'the_ pressure chamber 17. A
droplet of the ink is jetted from ink nozzle 19 by the
pressure generated by this pressure-generating means 18.

The printing head having the above structure may be

16 NOV 1996

produced by the following method.

The £first layer 13 of an activation-energy-ray-
hardening resin is firstly formed on the first substrate
11. This resin layer is then subjected to desired-
pattern-wise exposure, for example, by usiﬁg a pattern
mask or by means of scanning exposure (Fig. 2(a)). The
unexposed, unhardened area of the resin layer is removed
by using, for example, a solvent to form a groove which
will be an ink channel (This is a so called a developing
process) (Fig. 2(b)). If necessary, a second layer of an
activation-energy-ray-hardening resin (layer 15 in Fig.
2(b)) can be provided on the first layer 13 in the same
way, and a groove can also be formed therein. The layer
15 can be formed by forming a layer of an activation-
energy-ray-hardening resin on. the layer 13 which has been
hardened and developed, subjecting the layer to desired-
pattern-wise exposure, and then removing unhardened area
of the layer to form the layer 15. A groove which will



t he present inventionr—altso ensure good ink jet prmt 1 sitions
cont ai ni ng. a, v, Js%éﬁlg{ﬂa&@'itti ng agents. Exam plesg REPLAGEMBNT tSHEéTa ent

i ncl ude po I s s c%“§§ﬂg@¥ﬁggqsﬂ¢ak1IEne glycol. digthyl ene
gl ycol . - tr. H ﬂ lﬂﬂﬂ“ﬂ Ecol nd prgiylhess 9l yepl | i t1@uov taj nj ng
conpounds . . | f or ete——t—S=ch |+ 2t i m cazol i di nohe

2-pyrrolidone and n-net hyl - 2-pyrrol i dohe; urea: aphd : t he
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agent . substrate. _

The second substrate 12 is attached to the first

substrate .1l which is provided with the groove for an ink

channel. It is noted that the second substrate . 12 may

also be one having thereon a groove of a desired pattern

N~

provided by using an activation-energy-ray-hardening
resin in the same manner as in the first substrate (Fig.
2(c)). |
These two substrates are attached to each other in
the following manner. The two substrates are £irstly
faced each other as shown in Fig. 2(c¢). The attachment
of the substrates may .be c¢onducted by using an adhesive
agent. However, according to the preferred embodiment of
the present invention, they are attached to each other
without using any adhesive agent. The resin layer
provided on the first substrate 11 (and the resin layer
on the second substrate 12 if provided) is hardened to
such a degree that the resin layer can have minimum
hardness required to form a groove therein. The two
substrates are then brought into close contact with each
other with pressure, and heat and/or activation energy
rays are applied thereto to further harden the resin.
The two substrates can thus be firmly attached to each
other. When no adhesive agent is employed, activation
energy rays are to be applied from the outside of the
first and/or second substrates (Fig. 2(d)). Hence, the
activation energy rays are required to have high
transmission like electron beams when the substrates are
not transparént. Although the intensity of electron
beams to be applied may be unlimited, when electron beams
with very high .intensity are applied, there is a
possibility that - the substrates are broken. It is
therefore preferable to use an electron beam generator
having an accelerating voltage of approximately 150 to
300 KeV. The method using no adhesive agent is very
suitable for the production of excellent printing heads,



The’ pr ' now be expl ai ned nore spe mama ]
to the f%lggy&ﬁgsﬁgggﬁgg@gd However. the present invep Mﬁvéﬁmf SHEEﬂ'ted to

or I|n1te lles. Praduction of Printing ads Printingjhgqads
accor di ng | ﬁtﬂ wpl nvgnTRISIBHBET A BEEN ¢d i n 1t e T NOi fogg mgnrier .
- harldeni nBEPigIBD (" Ohgi | PR- 355" nanufac?ure by

An acti vatli
Tokya Chka Kogyo Co. Ltd.) was coated dhio tne surfgce ofr—afrrst~sdbgtrate
made of stainless steel, having a thickness of 100 [lerr]m Then. the fesin

layer was S%ér?ﬁ&éi 50 dgahéggbgatéféﬂt may be clog an ink channel
during the production process of printing heads.

In the above method, a printing head according to
the present invention can be obtained by controlling the
irradiation with activation energy rays so that the
activation-energy-ray-hardening resin will finally be in
the hardened state set forth below.

The printing head according to the first embodiment
of the present invention comprises an ink channel
connected to an ink~jetting nozzle, at least a part of
the ink channel comprising an activation-energy-ray-
hardening resin in the hardened state set forth below.
Namely, the hardened state of the resin is such that the
ratio (S) of the infrared spectral absorbance of an
absorption peak observed between 1600 to 1650 cm™! to the
one observed between 1360 to 1400 cm‘; is in the range of
0.05 to 0.5, preferably 0.1 to 0.4. A printing head
having an ink channel which comprises an- activation-
energy-ray—hardehing resin having the value S, the ratio
between the above two absorption peaks, in the range is

- extremely stable to an ink composition containing
acetylene glycol or the. like, which will be described
later, and ensures good ink jet printing. . _

According to the more preferred embodiment of the
first embodiment of the present invention, there is
provided a printing head having a value T of 3 or more
and 40 or less, preferably 5 or more and 30 or less, the
value T being defined by the following equation:

T = (Ef/Ei) x 100 '
wherein Ef represents the ethylenically unsaturated bond
content of the resin in. the head (that 1is, the resin
after hardened by exposure), and Ei represents the
ethylenically unsaturated bond content of the resin
before hardened.

The value Ef and Ei can be obtained, for example, in
the following manner. In the infrared spectrum, an
ethylenically unsaturated bond shows an absorption peak
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there is a functional group which undergoes no change in
its structure before and after hardening by exposure. An
alkyl group which is an example of a functional group of
this type shows an absorption peak in the range of
approximately 1360 to 1400 cm~! in the infrared spectrum.
The values Ei and Ef can be respectively obtained by
calculating the ratios of the absorbances of the
ethylenically unsaturated bond in the resin before and
after hardened to the absorbance of the absorption peak
attributed to an alkyl group. | _

A printing head having a value T in the above range
ensures more excellent ink jet printing.

Due to the definition of the value Ef, there is a
case where the value Ef is equal to the value S. The
value T is therefore more preferable in the sense of
further restricting the wvalue S. However, as is clear
also from Examples described later, even a printing head
comprising a resin in the hardened state defined by the
value S, which is obtained from the resin after hardened

by exposure, can also -bring about good results.
Therefore, a printing head comprising a hardened resin
which has either a value S or a value T in the above
range is included in the scope of the present invention.
A printing head according to the second embodiment
of the present invention comprises an ink channel
connected to an ink-jetting nozzle, at least a part of
the ink channel comprising an activation-energy-ray-
hardening resin in the hardened state set forth below.
Namely, the hardened state of the resin is such that the
ratio (J) of the infrared spectral absorbance of an
absorption peak observed between 900 and 920 cm™l to the
one observed between 1360 and 1400 cm™! is in the range
of 0.13 to 0.26, preferably 0.15 to 0.24. A printing
head having an ink channel which comprises an activation-
energy-ray—-hardening resin having a value J, a ratio
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extremely stable to an ink composition containing
acetylene glycol or the like, which will be described
later, and ensures good ink jet printing.

According to the more preferred embodiment.of the
second embodiment of the present invention, there is
provided a printing head having a value K of 40 or more
and 70 or less, preferably 45 or more and 60 or less, the
value K being defined by the following equatianz_

= (PE/Pi) x 100
wherein Pf represents the epoxy group content of the
resin contained in the head (that is, the resin after
hardened by exposure), and Pi represents the epoxy group
content of the resin before hardened.

The values Pf and Pi can be obtained, for example,
in the following manner. 1In the infrared spectrum, an
epoxy group shows an absorption peak in the range of
approximately 900 to 920 cml. Therefore, as in the case
of the value T, the values Pi and Pf can be respectively
obtained by calculatlng the ratios of the absorbances
attributed. to an epoxy group in the resin before and
after hardened to the absorbance attributed to a

functional group which undergoes no change in its
structure before and after ~the resin is hardened by
exposure.

A printing head having a value K in the above range
ensures more excellent ink jet printing.

Due to the definition of the value Pf, there is a
case where the value Pf is equal to the value J. The
value K is therefore more preferable in the sense of
further restricting the value J. However, as is clear
also from Examples described later, even a printing head
comprising a resin in the hardened state .defined by the
value J, which is obtained from the resin after hardened
by exposure, can also bring about good results.
Therefore, a printing head comprising a hardened resin
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which has either a value K or a value
range is included in the scope of the present invention.

In the present invention, a printing head which
fulfills the requirements in the first and second
embodiments at the same time is preferred. Namely, a
preferable printing head is one comprising a hardened
resin whose S value is in the range of 0.05 to 0.5 and,
at the same time, whose J value is in the range of 0.13
to 0.26. | |

Furthermore, according to another preferred
embodiment of the present invention, when electron beams
are applied from either the first substrate side or the
second substrate side in the first or second embodiment,
the sum total of the product of the density and the
thickness of the substrate to which the electron beams
are applied, and the product of the density ‘and the
thickness of the resin layer is preferably 1 kg-m/m?® or
less, more preferably 0.7 kg-m/m3® or less. A printing
head which fulfills such a condition can be effiéiently
hardened when electron beams are applied thereto. In the
case where electron beams are applied from both the first
substrate side and the second substrate side as shown in
Fig. 2(d), the sum total of the product of the density
and the thickness of the first and second substrate, and
the product of the density ahd the thickness of the resin

- layer is preferably 2.0 kg-m/mf3 or less, more preferably
1.4 kg-m/m® or less. In'the second substrate 12 of the-
printing head shown in Fig. 1, thin portions 20 are
provided so as not to impair the mechanical strength of
the printing head. It is also preferable to
substantially decrease the above sum total by providing
such a thin portion 20.

A printing head accordiﬁg to the third embodiment of
the present invention comprises an ink channel connected
to an ink-jetting nozzle, at least a part of the ink
channel comprising an activation-energy-ray-hardening
resin in the hardened state set forth below. Namely, the
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hardened state of the resin is such: that the hardened
resin after immersed in a 1% acetylene glycol solution at
a temperature of 70°C for 15 days shows a drop of 0.07 to
0.5 in the Vickers hardness against the one before
subjected to the immersion. A printing head having an
ink channel which comprises a resin in such a hardened
state is extremely stable to an ink composition
containing acetylene glycol or the like, which will be
described later, and ensures good ink jet printing.

It is more preferable also in the third embodiment
of the present invention that the values T and K be in
the above respective ranges.

. The printing heads according to the present
invention are extremely stable to ink compositions
containing acetylene glycol or the like, of which use to
conventional printing heads produced by using an
activation-energy-ray-hardening resin has been difficult,
and ensure good ink jet printing. _

Ink compositions containing acetylene glycol
represented, for example, by the following formula can be
mentioned as the ink compositions of which use to
conventional printing heads has been limited:

R2 " R2

Rl—c —c=c— ¢c—R*

0 0
"\ rl'\
.CH2 CHé
l ' - This Sheet Has Been Replaced
S | AT III i
0 o}
o Fo
H H

wherein R!, R2, R? and R* represent independently a lower
alkyl group, preferably a C;-g alkyl group, more
preferably a C,_, alkyl group, and the total number of n
and m is from 0 to 30, preferably from 3 to 10.
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More specific examples of such acetylene glycol are
shown in the following table:

Rt R2 R3 R4 n+m

No. 1 iso-butyl methyl methyl iso-butyl 10
No. 2 iso-butyl methyl methyl iso-butyl 3.5
No. 3 ethyl methyl methyl ethyl 10
No. 4 methyl methyl methyl methyl
No. 5 ethyl methyl methyl - ethyl

6

No. iso-butyl methyl methyl iso-butyl 0

When an ink composition containing such acetylene
glycol is applied to a conventional printing head, the
resin in the printing head is dissolved or swollen, and,
in addition, the resin layer is flaked off to damage the
printing head. For this reason, it has been difficult to
use the ink compositions of this type with conventional
printing heads. Héwever, the printing heads according to
the present invention are extremely stable to the ink
compositions, so that they can achieve good ink jet
printing.

In addition to the above, the ink compositions which
are so difficult to apply to the conventional printing
heads include that containing as an organic solvent
glycol -ether such as triethylene glycol monobutyl ether,
diethylene glycol monobutyl ether, dipropylene glycol
monobutyl ether, propylene glycol monomethyl ether or
propylene glycol monobutyl ether.

There is no particular limitation on the formulation
of ink compositions containing the acetylene glycol,
glycol ether or the like, which can be applied to the
printing heads according to the present invention.
However, those ink compositions which contain 0.1 to 10%
by weight, particularly 0.5 to 5% by weight of an organic
solvent such as acetylene glycol are preferred.

This Sheet Has Been Rep laced
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The printing heads according to the present
invention have a wide range of application, and can
achieve good ink jet printing along with wvarious ink
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compositions containing a variety of colorants, an
organic solvent and an additive.

For instance, either a dye or a pigment can be used
as the colorant. A coloring dye, a direct dye or a
reactive dye can be used as a dye; and carbon black or an
organic pigment of various types can be used as a
pigment. The amount of a colorant to be added is
determined in consideration of, for example, the density
of printed images. It is -however preferable that the
amount of a colorant be approximately 0.5 to 10% of the
total weight of the ink composition. |

The printing heads according to the present
invention ensure good ink jet printing to ink
compositions prepared by using an orgaﬁic solvent
selected from alcohols having approximately 1 to 4 carbon
atoms, such as methanol, ethanol and propanol, ketones
and ethers.

A wetting agent plays an important role in an ink
composition for ink Jjet printing. The printing heads
according to the present invention also ensure good ink
jet printing to ink compositions.containing a variety of
wetting agents. Examples of the wetting agent include
polyhydric alcohols such as glycerol, ethylene glycol,
diethyleneé glycol, triethylene glycol and propylene
glycol; nitrogen-containing compounds such as
dimethylformamide, 1,3-dimethyl-2-imidazolidinone, 2-
pyrrolidone and n-methyl-2-pyrrolidone; urea; and sugars.

Further, the printing heads according to the present
invention also ensure good ink Jjet printing to ink
compositions containing other additives such as a
preservétive, an antifungal agent, a chelating agent, a
surface active agent.

The present invention will now be explained more
specifically by referring to the following Examples.
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However, the present invention is not limited to or
limited by these examples.
Production of Printing Heads
Printing heads according to the present invention
were prepared in the following manner. An activation-~
energy-ray-hardening resin ("Ohdil PR-155" manufactured
by Tokyo Ohka Kogyo Co., Ltd.) was coated onto the
surface of a first substrate made of stainless steel,
having a thickness of 100 gm. Then, the resin layer was
- subjected to desired-pattern-wise exposure (wavelengths
365 nm, exposure dose: 90 mJ/cm?) four times. The
unhardened area of the resin layer was removed by using a
solvent to form a groove which would be an ink channel.
As a result, the  thickness of the resin layer became 400
pm. A second substrate made of nickel, having a
thickness of 30 um was placed on and attached to this
resin layer. This attachment was conducted in such a
manner that the first substrate and the second substrate
were brought into close contact with each other with the
a_pplication of pressure 800 g/cm3 and heat 150°C, and
then electron beams were applied thereto from both the
first substrate side and the second substrate -side. By'
changing the exposure dose of the electron beams applied,

printing heads in which the resin was in various hardened
states were obtained.

The hardened states of the resin in the printing
heads thus obtained are as shown in the following tables.

Drops in Vickers hardness and Young's modulus shown
in the table were obtained by the following manner. A
sample film (size: 5 mm x 10 mm; thickness: 200 um) was
prepared from the same active-energy-ray-hardening resin
as was used for preparing the above printing head, by
making it into the same hardened state as in the above
printing head. The sample was immersed in 1% acetylene
glycol solution at 70°C for 15 days. The Vickers
hardness values and the Young's modulus values of the
sample before and after immersed were measured by an
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apparatus "Matsuzawa Seiki Co., Ltd." manufactured by
Micro Hardness Tester Model DMH-1 and an apparatus
"TMA=100" manufactured by Seiko Instruments Inc.,
respectively. The drop .in the Vickers hardness and drop
in the Young's modulus are measured by the equations set
forth below. '

Drop in Vickers 1 Vickers hardness after immersed
hardness - Vickers hardness before immersed
Drop in Young's Young's modulus after immersed
modulus =1-

Young's modulus before immersed

/
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Table 1

Drop in Drop in

S T Vickers Young's

hardness modulus

Example Al 0.47 38 0.48 0.38
" A2 0.42 34  0.33 0.32
A3 0.39 28 0.32 0.19
A4 0.31 19 0.21 0.10
A5 0.18 10 0.18 0.08
A6 0.11 5-  0.11 0,06
A7 0.07 7 0.38 0.28
A8 0.25 25 0.11 0.08
A9 0.09 12 0.19 0.25
Al0 0.41 31 0.44 0.33
All 0.06 5 .0.08 0.09
Al2 0.18 11 0.20 0.12
Al3 0.32 24  0.25 0.18
Al4 0.48 35 0.45 0.35

Comparative'
Example Al 0.04 2 0.08 0.04
A2 0.53 45 0.65 0.55
A3 0.62 52 0.69 0.49
Ad 0.65 60 0.80 0.70
A5 0.03 2  0.05 0.02
A6 0.55 42 0.63 0.52
. This Sheet Has Been R
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Table 2

Drop in Drop in

J K Vickers Young's

hardness modulus
Example B1 0.14 48 0.24 - 0.15
B2 0.17 55 0.30 0.18
B3 0.17 75 0.35 0.21
B4 0.2 66 0.41 0.17
"B5 0.2 30 0.28 0.14
B6 0.22 56 0.31 - 0.25
B7 0.23 73 - 0.44 - 0.35
B8 . 0.24 45 0.25 0.16
BS 0.24 52 0.32 0.18
B1l0 0.25 60 0.48 ‘0.33

|Comparative
ExampleBl 0.05 55 0.03 0.02
B2 0.12 32 0.06 0.04
B3 0.28 45 0.55 0.45
B4 0.33 82 0.65 0.70
This Sheet Has Been.Reialaced'
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Table 3
_ Drop in Drop in
] J Vickers Young's
hardness modulus
Exaniple C1 0.09 0.16  0.21 0.13
c2 0.33 0.21 0.18 0.08
C3 0.24 0.18 0.15 0.06
C4 0.47 0.14 0.29 0.18
C5 0.11 0.25 0.21 0.12
cC6 0.07 0.22 0.26 0.15
C7 0.29 0.13 0.27 0.16
c8 0.42 0.17 0.20 0.12
c9 0.19 0.15 0.1l0 0.05
Cl0 0.39 0.20 0.24 0.10
Comparative
|ExampleCl 0.73 0.09 0.55 0.45
€2 0.02 0.34 0.53 0.44
cC3 0.61 0.31 0.88 0.80

The density of the first substrate,' that of the
second substrate, and ‘that of the resin were
approximately 7.9 x 103 kg/m3, approximately 8.85 kg/m3
and 1000 kg/m3, respectively. Therefore, the sum total
of the product of the density and the thickness of the
first substrate, that of the second substrate, and that
of the resin layer was 1.87 kg/m3.

Evaluation of Printing Heads

(Ink Compositions)

In order to evaluate the printing heads thus
obtained, 1ink compositions having the £following
formulations were prepared. .

In the following formulations, "$" means "% by
weight"; and Acetylene glycols Nos. 1, 2, 5 and 6 are
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thosé having the structures which are given in the table
shown previously. '
Ink Composition I

Acid Red 289 3%
Diethylene glycol 10%
Glycerol : 15%
Acetylene glycol No. 1  1.5%
Water g.s. to 100%
Ink Composition II
Direct Blue 199 4%
Glycerol 20%
Triethylene glycol o 10%
Ethanol : 5%
Acetylene glycol No. 5 | 2%
Water g.s. to 100%
Ink Composition III
Direct Yellow 86 2%
Glycerol : 5%
Urea , 5%
2-Pyrrolidone 5%
Acetylene élycol No. 1 13
Acetylene glycol No. 6 0.4%
Water g.s. to 100%
. Ink Composition IV
Food Black 2 43
" Diethylene glycol 10%
1,3-Propane diol ' 4%
n-Propanol 43
Acetylene glycol No. 1 2%
Acetylene glycol No. 2 2%
Water : g.s. to 100%
Ink Composition V
Direct Black 154 43
.Glycerol _ 4%
Ethylene glycol ' 2%
Ethanol . 5%
Water E g.s. to 100%
eet Has Been Replaced
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Direct Yellow 86 2%
Glycerol 3%
2-Pyrrolidone 33
Water g.s. to 100%
Ink Composition VII
Food Black 2 ' 4
Diethylene glycol 10%
1,3-Propane diol 5%
n-Propanol 4%
Water _ g.s. to 100%
Ink Composition VIII
Direct Blue 199 2%
Diethylene glycol 15%
Triethylene glycol monobutyl ether 10%
" Water ' g.s. to 100%
Ink Composition IX
Acid Red 289 : 2%
Glycerol . 1l0s%
Diethylene glycol monobutyl ether 10%
Acetylene glycol No. 5 1%
Water g.s. to 100%
Ink Composition X
Acid Yellow 23 S 2% .
2-Pyrrolidone 10s
Dipropylene glycol monobutyl ether 5%
Water _ g.s. to 100%

Items and Methods of Evaluation.

Evaluation l: Change in Young's Modulus

A sample film (size: 5 mm x 10 mm; thickness: 200
pm) was prepared from the same activation-energy-ray-
hardening resin as was used for preparing the above-
described printing--head, by making it into the same
hardened state as in the above printing head.

This sample was immersed in the above ink
composition at 70°C for 15 days. The Young's modulus
values of the sample before and after immersed were
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measured by an apparatus "TMA-100" manufactured by Seiko
Instruments Inc. The ratio of the Young's modulus of the
the one before the

sample after the

immersion to

immersion was evaluated in accordance with the following

criteria:

l - 0.8 or more:

less than 0.8 but 0.6 or more:

less than 0.6:

poor (x)

Evaluation 2: Degree of Swelling
The same sample as was used in Evaluation 1 was

employed. The ratios of the thickness,

excellent (O)

good (O)

the length and

the width of the sample after the above immersion to

those of the sample before

respectively obtained.

was obtained, and
following criteria:

1 - 0.95 or morei

evaluated in

excellent (O)

less than 0.95 but 0.85 or more: good (O)

less than 0.85:

.poor (X)

Evaluation 3: Flaking

the immersion were
The average of these three ratios
"accordance with the

The above printing head was immersed in the above

ink composition at a surrounding temperature of 70°C for

15 days. Thereafter,

the printing head was visually

observed as to whether the substrates or the resin layer

was flaked off or not,

the following criteria:

No flaking was

observed: good

Flaking was slightly observed:
The substrates or the resin layer was compleétely

flaked off:

poor (Xx)

Evaluation 4: Printing Test

(O)
slightly poor (A)

and evaluated in accordance with

The above printing head was mounted on a printer,

and the ink composition was
printing was once conducted,

charged in it. After
the printer filled with the

ink composition was allowed to stand at a surrounding

temperature of 50°C

for one month,

was restarted, and the printed

images

Thereafter, printing

obtained were



kg/merr]. approximtely 8.85 kg/nferr] and 1000 kg/n{err] respectlvely
Therefore. the sumtotal of the product of the densig 7 anu LH . ghgﬁn ss of
re

the first substrate that of the, sin
" layer was 1.46 kg.mnjerr]. Eval paii®sHEET BAS BEENgT F s (Ink Conpogi t}i ons)
In order to evaluate the printin, Lhed. | | Rly ROVPEOKL i[OS

havi ng the followi ng fornul ations were pr23. in the fjol ow ng fornulatlons,

"% neans "% by weight: and Acatyl ene glycols Nos.| 1*—2—5—and—6—4ar e
t hose havi ng

D

evaluated in accordance with the following standard. It
is noted that the response frequency of the printing head
was 7.2 kHz and/or 4 kHz while the printing was
conducted.

Printed images comparable to those .

obtained initially were obtained: déod (O)
Unevenness was observed in the_printea‘images:
' poor (x)
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WHAT IS CLAIMED IS:
1. A printing head for use in ink jet printing,
comprising an ink-jetting nozzle and an ink channel

connected to the ink-jetting nozzle,

at . least a part of the ink channel comprising an
activation-energy-ray—-hardening resin,

the activation-energy-ray-hardening resin being
in such a hardened state that the ratio (S) of the
infrared spedtral absorbance of an absorption peak
observed between 1600 and 1650 cm™! to the one observed
between 1360 and 1400 cm™! is in the range of 0.05 to

0.5.

2. A printing head according to Claim 1, having a
value T of 3 or more and 40 or less, the value T being
. defined by the following equation:
T = Bf/E1i x 100 .
wherein Ef represents the ethylenically unsaturated bond
content of the resin in the head, that is, the resin
after hardened by exposure, and Ei represents the
ethylenically unsaturated bond content of the resin
before hardened.

3. A printing head for use in ink jet pfinting,
comprising an ink-jetting nozzle- and an ink channel
connected to the ink-jetting nozzle,

at least a part of the ink channel comprising an
activation—-energy-ray-hardening resin, B

the activation-energy-ray-hardening resin being
in such a hardened state that the ratio (J) of the
infrared spectral absorbance of an absorption peak
observed between 900 and 920 cm ! to the one observed
between 1360 and 1400 cm ! is in the range of 0.13 to
0.26.
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4. A printing head according to Claim 3, having a
value K of 40 or more and 70 or less, the value K being
defined by the following equation:

| K = PE/Pi x 100
wherein P£ 'represents the epoxy group content of the
resin in the head, that is, the resin after hardened. by
exposure, and Pi represents the epoxy group content of

the resin before hardened.

5. A printing head for use in ink jet' printing,
comprising an ink-jetting nozzle and an ink channel
connected to the ink-jetting nozzle,

‘at least a part of the ink channel comprlslng an
activation-energy-ray-hardening resin,

the activation-energy-ray-hardening resin being
in such a hardened state that the ratio (S) of the
infrared spectral absorbance of an ébsorption peak
observed between 1600 and 1650 cm™! to the one observed
between 1360 and 1400 cm™! is in the range of 0.05 to
0.5, and that the ratio (J) of the infrared spectral
absorbance of an absorption peak observed between 900 and
920 cm™! to the one observed between 1360 and 1400 cm™!
is in the range of 0.13 to 0.26.

6. A printing head according to any one .of Claims 1
to 5, wherein the aétivation-energy—ray-hardening resin
is in such a hardened state that the hardened resin after
immersed in 1% acetylene glycol solution at 70°C for 15
days shows a drop of 0.05 to 0.4 in the Young's modulus
against that of the hardened resin before immersed.

7. A pfinting head for use in ink jet printing,
comprising an ink-jetting nozzle and an ink channel
connected to the ink—jetting nozzle,

at least a part of the ink channel comprising an

B T T T ]
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the activation-energy—ray-ﬁérdening resin being
in such a hardened state that the hardened resin after
immersed in 1% acetylene glycol solution at 70°C for 15
days shows a drop of 0.07 to 0.5 in the Vickers hardness
against that of the hardened resin -before immersed.

16 NOV 1996

8. A printing head according to Claim 7, having a
value T of 3 or more and 40 or less, the value T being
defined by the following equation:
T = Ef/Ei x 100

wherein Ef represents the ethylenically unsaturated bond
content of the resin in the head, that is, the resin
after hardened by exposure, and Ei represents the
ethylenically unsaturated bond content .of the resin
before hardened.

9. A printing head according to Claim 3, having a
value K of 40 or more and 70 or less, the value K being
defined by the following equation:

= PF/Pi x 100
wherein Pf represents the epoxy group content of the
resin in the head, that is, the resin after hardened by
exposure, and Pi represents the epoxy group'content of
the resin before hardened.

lo0. A method for producing é printing head for use
in ink jet printing which is defined by any one of Claims
1 to 9, comprising the steps of: _ _

pla01ng an act1vat1on—energy—ray—harden1ng resin
on a first substrate, '

irradiating the resin with activation energy
rays to conduct desired-pattern-wise exposure,

removing " the unhardened area of the resin to
form a groove which will be an ink channel,

' placing a second substrate on the resin provided

on the first substrate to assemble a printing head, and

AR R
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irradiating the printing head with activation
energy rays in such an amount as is required to make the
resin into a hardened state which is defined by any one
of Claims 1 to 9.

o 11. A method according to Claim 10, wherein the
activation energy rays irradiated with after the second
‘substrate is placed are electron beams. |

12. A method according to Claim 11, wherein: the
irradiation with activation energy rays is conducted from
either the first substrate side or the second substrate
side, and the sum total of the product of the density and

‘the thickness of the substrate. to which the activation

energy rays are applied, and the product of the density
and the thickness of the resin layer is 1 kg-m/m3 or
less. ' '

13. A method according to Claim 11, wherein the

~irradiation with activation energy rays is conducted from

both the Ffirst substrate side and the second substrate
side, and the sum total of the product of the density and
the thickness of the two substrate and the product of the
density and the thickness of the resin layer is .2 kg-m/m3

or less.
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PRINTING HEADS FOR USE IN INK JET PRINTING AND
METHOD FOR PRODUCING THE SAME

ABSTRACT OF THE DISCLOSURE

A printing head for use in ink jet printing
comprising an ink-jetting nozzle and an ink channel
connected to the ink-jetting nozzle, at least a part of
the ink channel comprising an activation—-energy-ray-
hardening resin is disclosed. The resin in the printing
head has a certain hardened state. The printing head has
improved résistance to ink compositions containing
acetylene glycol which sometimes damage the conventional
printing heads comprising an aotivation—energy—ray4
hardening resin. '

FIGURE 1.
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PRINTING HEADS FOR USE IN INK JET PRINTING AND METHOD FOR PRODUCING THE SAME

BACKGROQUND QF THE INVENTIQN
Field of the Invention

The present invention relates to heads for use in ink jet printing, and more particularly to heads for use in ink jet
printing, having improved resistance ta inks containing acetylene glycal, glycol ether or the like.

Background Art

In general, a printing head for use in an ink jet printing method comprises an orifice from which a printing ink is jet-
ted; an ink channel, connected to the orifice, having a’portion. at which energy is applied to a printing ink so that the ink
can be jetted: and an ink container in which & printing ink to be supplied to the ink channel is stored. There has been
lnown, as a method for producing such a head for use in ink jet priniing, a method in which an ink channel is formed by
providing a minute groove irra substrate made of glass. a metal or the like by means of, for instance, cutting or etching,
and by attaching thereto another substrate. Further, Japanese Laid-Open Patent Publication No. 43876/1982 discloses
a methed in which an activation-anergy-ray-hardening resin is coated onto a first substrate and subjected to desired-
pattern-wise exposure and then to development to form therein a groove for an ink channel, followed by dttaching
thereto a second substrateto finally form an ink channel. Furthermore, Japanese Laid-Open Patent Publication No.
191053/1992 discloses a method in which a head for use in ink jet printing is produced in the same way as the above

method, by superposing several layers of resin compositions. EP-A:0432795 also discloses an active energy-ray-cura-

bie resin cogp_osatnon for use in an inkjet ngg

.\.' -

These methods using an activation-energy-ray-hardening resin are advamageous in that 2 minute channel for a liq-
uid can be accurately formed with high yield and that the mass producnon of a head having such a channel can be eas-
lly attained.

- On the other hand, a highly efficient ink containing acetylene glycol or the liike has been recently used as an ink
compasition for ink jet printing.

However, when such an ink compasition containing acetylene glycal, glycol ether or the like is applied to the above
head produced by using an activation-energy-ray-hardening resin, there has been observed such a phenomenon that
. the resin used for the head is damaged by the ink composition. Due to this phenomenon, there has been a limitation on
the use of the highly efficient ink composition containing aceétylene giycol or the like to the printing head produced by
_ using an activation-energy-ray-hardening resin.

SUMMARY OF THE INVENTION

An abject of the present invention is to provide a printing head comprising an acnvaucnmemyﬂy-hmdenm
resin, having resistance to highly efficient ink compositions containing acetylenae glyeol or the like.

We have now found that the hardened state of an activation-energy-ray-hardening resin used is ciosely related to
theresastancewmemkcomposmonsofmeabovetype.mepresemmvenuonrnsbeenacconpﬁshedonmebasrsaf
this finding.

According to the first embodiment of the present invention, merexsprovndedapnntngheadbrmemmkptpnm-
ing. comprising an ink-jetting nozzle and an ink channel connected to the ink-jefling nozzle, .

at least a part of the ink channel comprising an activation-energy-ray-hardening resin, .
the activation-energy-ray-hardening resin being in such a hardened state that the ratio (S) of the infrared spectral .
absorbance of an absorption peak cbserved between 1600 and 1650 cm™? to the one observed between 1360 and
1400 cm! is in the range of 0.05 10 0.5. .
mbmesmmmdmommm m«enprovdedapf&ﬁnghudbrmminkm
printing, comprising an ink-jetting nozzle and an ink channel connected to the ink-jetting nozzle,
at least a part of the ink channel comprising an activation-energy-ray-hardening resin,
mmmmmmmhwamwcmmmmdmmm "
mamwmmmmmmwmw‘ummmmmommo
et is in the range of 0.13 to 0.26. . g
Mwmwmm«udmmm m&mammr«mmmmm- .

. mm«mmmmwmmamunmmﬁmm

st least & part of the ink channel comprising an activation-energy-ray-hardening resin, o
mmww«wmummm:mmnmmmmm
im«soduu1%ncuyhmglyeoltolulonatawmm-of70'cu15dmmurmofo.o7bo.5hmmd‘-
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Further. tha presant invention alsa provides a method for producing any ane of the above printing heads, compris-
ing the steps of:

placing an activation-energy-ray-harcening resin on a first substrate,

irraciating the resin with activation energy rays to conduct desired-pattern-wise expasura,
removing the unhardened area of tha resin to form a groove which will be an ink channel,
placing a second sutstrate on the resin grovided on the first substrate to assemble 3 grinting head, and
irraciating the printing head with activation energy rays in such an amount as is required to make the resin into a
hardened state which is defined in the abave, respecivaly.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings,

77

Fig. 1 is a partial cross-sectional view of a printing head according ta the present invention;
Fig. 2(a) is a cress-sectonal view of first substrate 11 on which first layer 13 of an activation-gnergy-ray-hardening
resin is formed and which is subjected to desired-pattern-wise axposure (activaticn energy rays are indicated by

arrows):

Fig. 2(b) is a cross-sectional view of the first subsuate 11 cn which unhardened areas of the first layer 13 are

removed:

Fig. 2(c) is a crass-sectional view of the first substrate 11 to which the éecond.substrate 12 is faced: and
Fig. 2(d) is a cross-sectional view of the first sutstrate 11 and the second substrate 12 attached to first substrate
11 which are both iradiated with activation energy rays (activation energy rays are indicated by arrows).

AlLS RIPTION QF THE INVENTION

In this disclasure, an activation-energy-ray-hardening resin means a resin having a property that it is hardened due
to polymerization or the like when irractiated with active energy rays. for instance, visible light, ultraviolet rays or electron

' beams. Resins having such a property have already been known, and can be utilized in the present invention. Many of
these resins contain molecules having an ethylenically unsaturated bond ar a functional group such as an epoxy group,
and polymerization between the molecules proceeds through the functional group when activation energy rays are
applied therato. The resins are thus hardened due to this polymerization.

Specific examples of the rasin which can be utilized in the present invertion include those

resins which contain a

monomer having an ethylenically unsaturated bond, Examples of such a monamer includa unsaturated manomers can-
taining a carboxyl-group. such as acrylic acid and methacryfic acid; unsaturated monomaers containing a glycidyt group,
such as glycidylacrylate and glycidylmethacrylate; hydraxyacryl ‘esters of acrylic acid or methacrylic acid, such as
™ hydroxyethylacrylate, hydroxyethyimethacrylate, hydroxypropylacrylate and hydroxypropyimethacrylate: and mono-
mers having one or mara ethylenically unsaturated bond, such as a monoestar of acryfic ack! or methacrylic acid and
polyethylene giycol or polypropylena giycal.
Examples of anather resin which can be uﬁ!vzedmmepresemmvemon mdudetmserasmswmd\camaman
epaxy group in the structura thereot. Specific axampies of such a resin include epoxy resins such as of a bisphanol A
type, of a novolak type, and of an alicyclic type. In addiion, bisphenci A, bisphenol F, teu-ahydroxyphenyimemane tet- -
-raglycidyl ether, resorcinol glycidyl ether and glycerol triglycidy ether can aiso bae utilized.
A commercially available resin can also be utilized in the present invention. Preferrad examples of such a resin
include “Photec SR-1300G", “Photec SR-3000°, “Photec SR-2200G" and “Photec SR-2300G" (manufactured by
Hitachi Chemical Co.. Lixi,); "Ohdil PR-150", "Ohdil PR-155", “Ohdil SE-200" and "Ohdl SP-700" (mamufactured by
Tokyo Ohia Kogye Ca., Lid.); and "A-400", "FH 5100° and “FH 6100' (manufactured by Fuji i-imtlm Technol-

ogY

Ce., Lid).

Tham:cofapﬂrmg head according to the prasant invention, andhnnhodbrpmdwnghprmw
will now be explained by refarring to the accompanying drawings.
Fig. 1 sammdomwudapdn&nh.‘ddmmimmmmnud.w ﬁstab-
strate 11 aﬁmmmwﬁdunnndoofglugudn.orarmutwdtnriddormaodmpm-
vided, and between thesa substrates are formed layers 13, 14 and tSdmmmumMﬁmrdn.h~
the resin layers are provided ink channel 18-and pressure chamber 17, Mmmnmcmcm-tm
channel Ieumcmdbmhkmmm(mtilwm wmlnkmpwﬂm-m:ppldbmhk
channel. Pressure-generating mmﬂwdxuaphzcdocuicdun«nounmhmd«nmtkpwvlddhm
prmurodunb«17soabpfmﬂzomemkmﬂmmm‘prmcm«ﬁ.AacphtofmochHd
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from ink nozzle 19 by the pressura generated by this pressure-generating means 18.

The printing head having the above structure may be proecuced by tha follcwing methoc.

The first layer 13 of an activation-energy-ray-hardening resin is firstly formed cn tha first substrate 11, This resin
layer is then subjected to desired-pattern-wise exposure, for example, Dy using a pattern mask or by means of scanning
exposure (Fig. 2(a)). The unexposed, unhardened area of the resin layer is removed by using, for example, a soivent to
form a graave which will be an ink channel (This is a so called a develcping process) (Fig. 2(D)). If necessary, a second
layer of an acivation-energy-ray-hardening resin (layer 15 in Fig. 2(b)) can be provided on the first layer 13 in the same
way, and a groove can alsa be formed therein. The layer 15 can be formed by forming a layer of an activation-energy-
ray-hardening resin on the layer 13 which has been hardened and developed, subjecting the layer ta desired-pattern-
wise exposure, and then remaving unhardened area of the layer to ‘orm the layer 15. A groove which will finally be an
ink channaei is thus formed on the first substrate.

The seccnd subsirate 12 is attached o the first subsirate 11 which is pravided with the grocve for an ink channel.
Itis noted that the second substrate 12 may aiso be one having thereon a groave of a desired pattern provided by using
an activation-energy-ray-hardening resin in the same manner as in the first substrate (Fig. 2(c)).

Thesa two substrates are attached to each cther in the following manner. The two substrates are firstly faced each
other as shown in Fig. 2(c). The attachment of the substrates may be conducted by using an achesive agent. However,
according to the preferred embodiment of the present invention, they are attached to each other. without using any
adhesive agent. The resin layer provided on the first substrate. 11 (and the resin layer on the seccnd substrate 12 if pro-
vided) is hardened to such a degree that the resin layer can have minimum hardness reguired to form a groove therein.
The two substrates are then brought into close contact with each cther with pressure, and heat anc/or activation energy
rays are applied thereto to further hardan the resin. The two substrates can thus be firmly attached to each other. When
no adhesive agent is employed, activation energy rays are to be applied from the cutside of the first and/or second sub-
strates (Fig. 2(d)). Hence, the activation energy rays are recuired to have high transmission fike electron beams when
the substrates ara not transparent. Although the intansity of eleciren beams to be applied may be uniimited, when elec-
tron beams with very high intensity are applied. there is a pessibility that the substrates are broken. it is therefore pret-
erable to use an eleciron beam generator having an accelerating voltage of approximately 150 to 300 KeV. The method
using no adhesive agent is very suitable for the production of excellent printing heads, because an adhesiva agent may
be clog an ink channel during the production process of pnm:ng heads.

In the above method, a printing head according to the present inventicn can be cbtained by controlling the lnadia-
tion with activation energy rays so that tha activation-energy-ray-hardening resin will finally be in the hardened state set
forth below.

The printing head according to the first embodiment of the present invention comprises an ink channel connected
to an ink-jetting nozzle, at least a part of the ink channel camprising an activation--energy-ray-hardening resin in the
hardened state set forth beiow. Namely, the hardened state of the resin is such that the ratio (S) of the infrared spectral
absorbance of an absarption peak obsarved between 1500 to 1650 cm* to the one observed between 1360 to 1400
cm'! is in the range of 0.05 to 0.5, preferably 0.1 to 0.4. A printing head having an ink channel which comprises an acti-
vation-energy-ray-hardening resin having the value S, the ratio between the above two absorption peaks, in the range
is extremely stable to an ink comgosition containing acetylene glycol or the like, which will be described later, and
ansures good ink jet pnrmng.

According to the more preferred embodiment of the first embodiment of the present invention, there is provided a

printing head having a value T of 3 or more and 40 or less, preferably 5 or more and 30 or less, the value T being deﬂned
by the following equation:

f.(sus)x 100

wherein Ef represents the sthylenically unsaturated bond content of the resin in the head (that is, the resin aiter hard-
ened by expesure), and Ei represents the ethylenically unsaturated bond coritent of the resin before hardened.

The value Etf and €I can be obtained, for examgle, in the following manner. In the infrarad spectrum, an ethylenically
unsaturated bond shows an absorption peak in the range of approximately 1600 to 1850 cm'!. On the other hand, inan
activation-energy-ray-hardening resin. there is a functionai group which undergoes no change in its structure before
and after hardening by exposure. An alkyl group which is an example of a functional group of this type shows an absorp-
.bonpeaknmomaqeofappmdﬂatn1400cm"nmomaudspmurLThcvnIuszE!mbom )
Mmﬁhmm:d«dmom«dmwﬂmwusm-atadbondnmormbcbnmd
after hardened to the absorbance of the absorption peak attributed to an alkyl group. .

A printing head having & value T in the abova range snsures more excelient ink jet printing.

A printing haad according to the sacond embodiment of the present invention comprises an ink channel connected
to an ink-jetting nozzle, at least a part of the ink channel compxising an activation-energy-ray-hardening resin in the
hardened state set forth below. Namolymel‘nrdonedstatccnhcrwnnsud:MMQmﬁc(J)olmcln&uodtpodnl
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abscmarce of an abscrption peak chserved betwaen SC0 and 920 cm'' to the cne cbserved batween 1360 and 1400
¢m’! is in tha range of 0.13 to 0.25, preferatly 0.15 ta 0.24. A printing head having an ink channel which comgrises an
acivaticn-anergy-ray-hardening resin having a value J, a ratia between the above two absarption peaks, in the range
is axtwremely siaktle t0 an ink campositicn containing acatytene Glycal cr the lika, which will e dascnbed later, and
ensures geod ink jet printing,

Accarcing to the more praferred amicdiment of the secend emteciment of the grasent inventian, there is grovided

a printing head having a value K of 40 or mera and 70 or less, preferatly 45 or mere and 80 or less. the value K being
cefined by the following aguatian:

K = (PUPT) = 10

wherain P¢ represents the epaxy groug content of the resin contained in the head (that is, the resin after hardenec by
expesure), and Pi regrasents the epoxy group cantent of the rasin before hardened.
~ The values Pf and Pi can be cbtained, for axamgle, in the foillewing manner in the infrared sgectrum, an acoxy
group shews an absorption peak in the range of agpreximataly S0 to 920 cm'!. Therefore, as in the casa of the value
T, the values Pi and Pf can be raspeciively cbtained by calculating the ratios af the absorbances attrituted to an egoxy
group in the resin befcra and after hardened to the abscrbance anrtuted ta a funcicnal group which undergaes na
change in its structure befara and after the rasin is hardened by expasura.

A printing head having a value K in the abovae range ensures mcre excellent irtke jet printing.

In the grasant inventon; a grinting head which tulfills the requirements in the first and second embodiments at the
sarme time is preferred. Namely, a praferable printing head is one camgrising a hardened resin whose S value is in the

.range af 0.05 % 0.5 and, at the same time, whasa J value is in the range of 0.13 to 0.26.

Furthermare, acearding to ancthar preferred embodiment of the present invention, when alectron beams are
agpiied from eithar the first substrate side or the secand substrate side in tha first ar secand embodiment, the sum total
of the product of the density and the thiciqiess of the substrate to which the electron beams are applied, and the product
of tha density and the thickness af the resin layer is preferably 1 kg v or less, mare preferably 0.7 kg - -3 or less.

_ A printing head which futfills such a condition can be efficienty hardened when eiectron beams are applied thereto. in

the case where elecron beams are applied from both the first substrate side and the second substrate side as shawn
in Fig. 2(d). the sum tctal of the preduct of the density and the thickness of the first and second substrate, and the prod-
uct of the density and the thickness of the resin layer is preferably 2.0 kg - mvm? or less, mare preferably 1.4 kg-mvm
or less. In the secand substrata 12 of the grinting head shown ia Fig. 1, thin portions 20 ara provided sa as nat ta imgpair
the mechanical strength of the printing head. lt is alsa preferatle to substantially decreasa the above sum total by pro-
viding such a thin partion 20.

A printing head according to the third embodiment of the present invention compnsas an ink channel cannected to
an ink-etting noz=le, at least a part of the ink channel comprising an activation-energy-ray-hardening resin in the hard-
ened state set forth belcw. Namaely, the hardenedt state of the resin is such that the hardened resin after immersed ina
1% acetylena glycol soiution at 2 tamperature of 70°C for 15 days shows a drep of 0.07 1o 0.5 in the Vickers hardness
against the ane before subjected ta the immersion. A printing head having an inic channel which comprises a resit in |
such a hardened state is extramely stable to an ink compasition containing acatylene glycol or the like, which will be
described later, and ensures good ink jet printing.

it is maore preferabie alsc in the third embodiment of the presemmvmn that the values T and K be in the above

' respective ranges.

The printing heads according to the present invention are extremely stable to ink compositions containing acsty- -
{ene glycoi or the fika, of which usa to convertional printing heads produced by using an activation-energy-ray-harden-
ing resin has been difficult, and ensure gocd ink jet printing.  *

mmmm.mmmmpﬁ.wmmmmmm
ammmdmdeummmmumlw
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wherein A', RZ, A% and R* regresant indepencently a lower alkyl group. preferably a C,.s alky! group, mara graiscably
a C,.¢ alkyl growg, and the total number of n and mis frem O to 30, preferably fram 3 0 10.

Mara specific axampies af such acatylene glycal ara shewn in the ‘cllowing table:

R' R? RS RS | nem
No, t | iso-Butyl | methyl | methyl | iso-butyt | 10
No. 2 | iso-butyl | methyl | methyl | isabutyt | 3.5
No. 3 ethyl metﬁyi maethyt ethyi 1Q
No. 4 methyi_ methyl | methyl mathyl
Na. S ethyl metyl | methyl ethyl
No.6 | iso-butyl | methyl | methyt | isc-butyl

When an ink composition containing such acatylene glyeal is agplied o a conventional printing head, the resin in
the printing head is disscived or swollen, and. in addition, the rasin layer is flaked off to damaga the printing head, For
this reasor, it has baen difficult to use the ink compesitions of this type with conventional printing heacs. However, fhe
printing heads acsarding ta the prasant invention are extremaly stable 1o the inik compasitions, sa that they can achieve
good ink jet printing. _

In acdition ta the above, the ink compesitions which are so difficuit to apply to the conventional printing heads
inciude that containing as an organic soivent glycol-ether such as triethylene giycol mancbutyt ether, diethylene giyeol .
mancbutyl ether, dipropylene glycol moncbutyl ather, propylene glyest monamethyt ather or propylene glycol monooutyl
ether.

Thers is no particular limitation on the formulation of ink compositions containing the acetylenas giycol, giycol ether
or the liks, which can be appfied to the printing headis according 1o the present invention. Howaever, those inik composi-
tions which cantain 0.1 to 10% by weight, particularly 0.5 ta 5% by weight of an organic solvent such as acetylene glycol
ara prafertedt. ) . .

The printing headg.according to the present invention have a wide range of application, and can achieve good ink
jet printing along with various ink compositions containing a variety of colorants, an organic solvent and an acitve.

Forimciﬂnradycoumcmuwu.mMAmma“ay'a:mm
can be used as 2 dye; and carbon bisck or an organic pigmient of various types can be used as & pigment. The amount
of 2 colorant t be added is determined in consideration of, for example, the density of printed images. It is however
preterable that the amount of a colorant be approximately 0.5 1o 10% of the total weight of the ink composition. .

mmmmnmmm«unmmcmnmmmw
using an organic solvent salected from aicohols having appraximately 1 to 4 carbon sioms, SUCh as methanol, ethanal

and propancl, katones and ethers. . .
A wetting agent plays an imporant role in an ink composition for ink jet printing. The printing heads according 1©
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tha present inventicn also ansure geed inki jet grmung 0 ink compesitions. containmng 3 variety of wem'}r:g agents. Sxam-
ples of ihe wetting agent include palyhydnc aicahels such as glyceral, athylene glycsl, diethylena glycal. triathylena gly-
cal and prepylena glycal: nitrcgen-cantaimng campcurds such as cimethylformamiia, 1 .3-cimathyl-2-imicazolicincna,
2-pyrralicone and n-methyl-2-pyrrolidane; urea; and suGars.

Further, the crinting heads accarcing to e grasent invention also ensure gocd ink jet grinting to ink compasiticns
centaiming other acditives such as a preservative, an antfurgal agent. a chelating agent, a surface acive agent.

The prasent inventicn will now te 2xclained more sgecifically by referring to the lallowing Sxamples. However, the
presant invenudn is nat fimited to or limitec by thesa axamgles.

Procuction of Printing =aads

Priming heads accorcing to the prasent invention were praparac in the feilowing manner. An acivaticn-anergy-ray-
harcening resin ("Orcil PR-155" manufaciurad By Tokya Ohka Kogys Co., Li8.) was coated onta the surface of a first
substrate mace of stairless steel, having a thiciiess of 160 um. Then, tha rasin layer was sutjected 0 desired-pattarn-
wisa axposura (wavelength: 365 nm, expasura desa: SO mJ/em?) four times. The unhardened araa ct the resin layer
was remcved Dy using a scivent ta form a groove whicit wauld be an ink channel. As a result. the thickness of the resin
layer became 400 um. A sacond substrate made of nickal, having a hickness of 30 wm was placad on and attached to
this resin layer. This attachment was corncucted in such a manner that Tt first substrate and the sacond substrate were
breught into ciasa contact with aach cther with the agplication of pressure 800 glc:t't3 and heat 150°C, ana then elecron
beams were agpiied thereto from both the first substrate sicde and the sacond substrate sige. 8y changing the axgesurs
desa of the alecron Dearns applied, printing heads in which the resin was in varicus hardened states were cbtained.

The hardened siates of tha resin in the grinting heads thus cttained dre as shown in the following tables.

Creps in Vickars hardness and Young's modulus shown in the tatie werg obtained by the follcwing manner. A sam-

- ple film (size: 5 mm x 10 mm: thickness: 200 wm) was prapared from the same active-energy-ray-hardening resin as

was usad for praparing the above printing head, by making it into the same hardened state as in the above printing
head. The sample was immersed in 1% acatylene glycai solution at 70°C for 15 cays. The Vickers hardness values and
the Young's modulus values of the sample before and after immersed weare measured by an apgaratus "Matsuzawa
Seild Co.. Lid.” manufactured by Micra Hardness Tester Model OMM-1 and an apgaratus “TMA=100" manutactured by
Seilo Instruments Inc., respectively. The drep in the Vickers hardniess and drap in the Young's modulus are measured
by the equations set forth below

. -_ 1 . Vickers hardness after immersed
Orgp in Vickers hardness = 1 V'—l__—————ess Y =

. Young's medulus after immersed
Young's moculus befora immarsed

Orcp in Young's modulus = 1
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Table 1
) T | Orop in Vickers hardness | Drop in Young's moculus

_Example ﬁn 0.47 | 38 - 0.48 0.38
A2 0.42 3¢ 0.33 0.32

A3 | 039 | 28 0.32 0.19

A4 | 031 | 19 0.21 0.10

A5 | 018 | 10 .18 0.08
Ag | 0.11. 0.11 0.06

A7 | 007 0.38 0.28

A8 | 025 | a5 0.11 0.08

A9 | 009 | 12 0.19 0.25
A10 | 0.41 | 31 0.44 0.33
Al1 | 006 | S 0.08 0.09
A12 | 018 | 1 0.20 0.12
A13 | 032 | 2¢ 0.25 0.18

A14 |'048 35 0.45 0.35

Comparative Example | A1 | 0.04 | 2 0.08 0.04
' A2 1053145 0.65 Q.55
A3 | 062|852 0.69 0.48
A4 | 065 ] 60 0.80 0.70
A5 | 003 | 2 0.05 0.02

As | 0.55.] 42 0.63 0.52

Table 2
. J K | Drop in Vickers hardness | Orep in Young's moculus

Example B1 | 0.14] 48 0.24 0.15
' B2 | 017 |55 0.30 0.18
B3 |017]| 78 0.35 0.21

B4 |02 |es 0.41 0.17

BS |02 |30 0.28 014

B6 |02 | 5 0.31 0.2s

87 023 | B 0.44 0.35

B8 | 024 45 0.2s 0.16

B9 | 024 | &2 032 .18 -

B10 | 025 | &0 0.48 0.33
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Tatls 2 (continued) .
J | ¥ 1Dropin Vickers harcness | Orop in Young's modulus
Cemparative Example | 81 | 0.05 | S5 Q.03 0.02
g2 | 012 |32 006 0.04
B3 | 028 ] 4s 0.55 0.45
84 |o033}a2 0.55 0.70
Takle 3 .
. S J 'Qrcp in Vickers harcness | Drop in Young's modulus
Examgle -1 ¢1 | o009} a8 0.21 0.13
cz |a33 o2t | 0.18 - .008
c3 |o02¢fote}l  oais - 006,
cs | 047 | 014 0.29 . At
‘ Cs jotjoas| 0.2t B R R -
cs |ao7|oz| ez - | 01s
|7 |ozs|amz|. - ‘o2z 1oneas
: cs |os2|ar| 020 - | ooz’
" ce [otsfois| 010 |- ~0gs
. cio|ossfezo| - o024 . Y 50,10
Comparative Example | C1 | 0.73 | 009 | ~ 0.55° B . 045
c2 [002.}0as}| - 0.53 1 ees
c3 |ost a3t 088 | 0.0

The density of the first substrate, that of the second substrate, and that of tha resin were appraximately 7.9 x 10°
., appraximately 8.85 kglm"‘ and 1000 kg/mv, respectively. Therafore, the sum total of the pmductcfme densny
mmgmdmmofmefmmmatdmesam subsu'aze.ardmatofmaresmlawwasl 46§

E I I. [ Pri I. ! ! I I."
(ink Compositions)

In order to evaluate the printing heads thus obtained, ink compasiticns having the following formulations were pre-

In the follawing formutations, %" means “% by weight™; and Acatylene glycals Nos. 1, 2, § and § ara those having
the structures which are given in the table shown previously.

Ink Composition | .
Disthylene glycol 10%
Glycarol 15%
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(continued)

ink Compasition |
Acetyiena giycol No. 1 1.5%
Water q.s. to 100%

Ink Composition It
Direct Biue 199 4%
. Glyceral 20%
Triethylene giycol 10%
Ethanal 5%
Acetylene giycol No. § 2%
Water q.s. to 100%

Ink Composition it
Direct Yellow 86 2%
Glycerol 5%
Urea 5%
2-Pyrrolidone 5%
) Acetylene giycol No. 1 1%
Acatylene glycol Na. 6 0.4%
Water q-s- to 100%

ink Composition [V
Food Black 2 4%
Diethylene glyed 10%
1,3-Propane diol 4%
n-Propancl . 4%
Acatylene glycol No. 1 2%
Acetylena glycal No, 2 2%

Water

" q.8. to 100%

i
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Ink Compasition V

Direct Black 154 4%
Glycerol 4%
Ethylane glycal 2%
Ethanol S%
Water Q.s. 10 100%

Ink Compasition VI
Direct Yellow 86
Glycerol
2-Pyrrolidone
Water ' q.s. to 100%

d

ink Composition VIl _
Fooed Black 2 4%
Disthylene glycol 10%
1.3-Propane diol 5%
n-Propanci 4%
Water .| gs.to100%

ink Composition VIl

Direct Blue 199 : : 2%
Diethylene glycol _ _ 15%
Triethylene glycol monobutyl ether 10%
Water _ . q.s. to 100%
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ink Compasiticn 1X
Acict Red 289 _ 2%
Glycercl 1C%
-Diethylena glyesl moncbutyl eﬁ-xer 1C%
Acatylene glyest No. § 1%
Water _ q.5 to 10C%
ink Compesition X
Acid Yeilow 23 %
2-Pyrrolicone 10%
Diprepylene glycol monobuty ether | §%
Water ) qQ.s. 1o 100%
ltems and Methods of Evaluation

Evaluation 1: Change in Young's Modulus

_ Asa::mlcﬁm(sizlzs mm-x 10 mm; thickness: 200 um) was prépared from the same acvation-energy-ray-hard-
ening resin as was used for preparing the above-described printing head, by making it into the same hardened state as
in the above printing head. '

mkwmhwain'fmwadhmeabanhkgnmpoﬁlionat70'Cfor1‘5days.The\hmg'sm_ddusvduescfmo
sample before and after immersed were measured by an apparatus “TMA-100" manufactured by Seiko Instruments inc.

The ratio of the Young's moduius of the sample after the immersion 1o the one befora the immersion was evaluated in
accordanca with the following criteria:

1 - 0.8 or more: excellent (@)
less than 0.8 but 0.6 or more: good (O)
less than 0.6: poor (X)

Evaluation 2: Degree of Swelling

The same sample as was used in Evaluation 1 was employed. The ratios of the thickness, the length and the width
cf the sample atter the above immersion io those of the sample befora the immersion were respectively cbtained. The
avuageofhescmreomﬁcsmsobtained.ardwﬂuaedhmwihhofdwmaiuda:

1-0.95 or more: excallent (©)
less than 0.95 but 0.85 or more: good ()
less than 0.8S: poor (X)

Svaluation 3: Flaling

The above printing head was immersed in the above ink compasition at a surrounding tModN'Cbr15

days. Thersatter, the printing head was visually observed as 1o whether the substrates or the resin layer was flaked off
or not, and evaluated in accordance with the following criteria:
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No flaking was observed: goed ()

Flaking was slightly cbsaerved: slightly poar (4)
The substrates or tha rasin layer was completaly flaked off: pcor X

Evaluation 4: Printing Test

The akava printing head was mounted on a printer, and the ink compesition was charged in it. ARer printing was
cnce conducted, the printer filled with the ink compasition was allowed to stand at a surrounding temperatura of 50°C
for one month. Thereatter. printing was restarted, and the printed images cbtained wera evaluated in accordanca with
th.e following standard. it is noted that the respensa frequency of the printing head was 7.2 kHz and/or 4 kiHz while the
printing was conducted.

Printed images comparatle to those cbtained initially were obtained: good (@)
Unevenness was cbsarved in the printed images: poer (X)

KN
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A printing head ‘or usa in ink jat printing, camprising an ink-i'ctﬁnq nazzie and an ink channel connected to the ink-
letnnq nczzle,

at least a part of the ink channel comprising an activation-energy-ray-hardening resin,

the activaticn-energy-ray-hardening resin being in such a hardened stats !hat the ratio (S) ot tha infrared

speciral absmnarca of an abscorption peak cbsarved Detween 1600 and 1650 cm! to the one coserved between
1360 and 14C0 cn’! is in the range of 0.05 18 0.5.

A grinting head accarding to Claim 1, having a value T of 3 or mcra and 40 cr less, the value T Being defined by
the llowing equation:

T = ENEi < 100

wherein Ef represents the ethylenically unsaturated bond content of the resin in the head, that is, the rasin after

being hardened by axposure, and Ei reprasents the ethyimaﬂy unsaturated bond content ot the resin before
being hardened.

A printing head for use in ink jet printing, comprising an ink-jetting noz=le and an ink channel connected to the ink-

jetting nozzle,

’ at least a part of the ink channel comprising ant activation-energy-ray-hardening resin,
memmmmmmmmwmsmahuum.daamma:momom«mmea

spectral abscrbance of an absorption peak cbserved between S00 and 920 em'! o the one cbserved between
1360 and 1400 em™! ig in the range ot 0.13 15 0.26.

Apnnﬂmhadmdngwcam:!.ha\nmavamo K of 40 or mora and 70 cr less, the value K being defined by
the following equation:

K= Pt/PI x 100

wharein Pf represents the mmmdﬁumnmehm that is, the resin after being hardened by
wﬂ?immwmmdm‘nﬁnbmmWha«nﬁ

Aprmhudbrmmukmm mmmmmm.andannkd:amdmmhmem-
jetting nozzle,
almapandmmmamanm«wmmmm
mamememmmm;mﬁdMemmm(smmm
smwem«mmmp«kmmﬁoomwsoaﬁ‘umm.mm
1360 and 1400 cm™ is in the range of 0.05 10 0.5, and that the ratio (J) ot the infrared speciral absorbance of an

mp«kmmmmwmw‘um-mmmm1mm1mm"ismme
range of 0.13 to 0.26.

A printing head according to any cne of Claims 1 to S, wherain the activation-energy-ray-hardening resin is in such

a hardened state that the hardened resin after being immersed in 1% acatylene glycol solution at 70°C for 15 days’

shows a drop of 0.05 o 0.4 in the Young's modulus against that of the hardened resin before being immersed.

Apnnunqhudbrwemwkmpmﬁm ccnpnanganmhcﬁmmzz!sarﬂanmkdmdm«tedmmemk-
jatting nozzie,

axlmapancfmowkdwmdmmacﬁnﬁonm«wﬂy—hmdmmm

the activation-energy-ray-hardening resin being in.such a hardened state that the hardened resin aftec being

immersed in 1%acatylencdycolsduﬂonam‘cmﬁdaysdnwsadmpofowwo.smmond«rshaxdness
against that of the hardened rasin befora being immersed.

A printing head according to Claim 7, hmqavalucTofsqrmoandworless.m.VlhleTbmdd'de

the following equation:

T = EIfEi x 100
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bmmmwaammmc ethylerically unsaturated bond content ¢f 16 reein Befcre
being hardened.

9. A printing head accoreding ta Claim 7, hamqavlhcl(clwa'm-amm«lmmovdmkbanqmdhy :
the clicwing equaticn:

K « PYPi x 100
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P «um)a-@zxnaszg
3 { e s-barate 15 which fie sctheation ‘are
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- ¥ of the resin layer, and _

=3 Ammsmﬁ.mmmmu&nmw-WMumnm

. mw«mmm&ummmmnmm

(axoa)+(d4xoq¢(¢xos) $24g-avm’

where

318 the dersity of the first subeirate,
D3ia e thicness of e fret sbeirate,

o4 is the density of the second substrate,
D4 Is the thiciness of e second substrate,
¢S is the denuity of the resi layer, and
CS s the thickness of the resin layer. -
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PRINTING HEADS FOR USE IN INK JET PRINTING AND
METHOD FOR PRODUCING THE SAME

ABSTRACT OF THE DISCLOSURE
A printing head for use in ink Jjet printing
comprising an ink-jetting nozzle and an ink channel
connected to the ink-jetting nozzle, at least a part of
the 1ink channel comprising an activation-energy-ray-
hardening resin is disclosed. The resin in the printing
head has a certain hardened state. The printing head has
improved resistance to ink compoéitions containing
acetylene glycol which sometimes damage the conventional
printing heads comprising an activation-energy-ray-
hardening resin. ' |

FIGURE 1.
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where d3 is the density of the first substrate, D3 is the thickness of thé
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D5 is the thickness of the resin |ayer.
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