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" Recording Liquid Feed Path, Recording Liquid Container,
and Recording Liquid Feed Device having Same,
as well as Surface Modifying Method

for the Recording Liquid Feed Device

This Sheet Has Been Replaced

sncxcrcunD oF . TvENTION L

The present invention relates to a recording

Field of the Invention

liquid container for containing_a'recording liquid
- (ink), a recording liquid feed path through which the
recording liQuid contained in the recording liquid
container is conducted to an ink jet head which ejects
a recording liquid for adhesion to a recording medium
to effect recording, and’' a recording liquid feed dev1ce
'provided with the recording llquid contalner and the
recordlng liquld feed path as well as a
fhydrophlllzatlon method for a surface of a portlon of
'the recordlng liquld feed dev1ce through Wthh portlon'
the recordlng llquid passes dlrectly and_also.fcr the 3p-
_surface'of.a'part.of'a structure:such.as a:filter Which‘.
:_1s necessary for the feed of the recordlng 1iquid
The present 1nvention further relates to an'
: element surface modlfylng method for modlfylng J
:characterlstlcs and properties of elther surfaces cf |
'flbers themselves which are used as a negatlve pressure
generatlng_member_wlthln the'reccrdlng llqu;d contalner

or the said surfaces which have been subjected to a

b
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certain treatment, to improve their liquid contact
property. The invention still further relates to the

so-surface~-modified negative pressure generating

- member.

In addition, the present invention particularly
relates to a surface modifying nethod capable of surely
modifying the.surfaces of fibers constituted by olefin
resins which are difficult to be surface~treated but
are environment-friendly, as well as fibers having

so-modified surfaces and a method for preparing the

_.fibers.

Related Background Art
| In an ink jet printer of a type in which a
recording liquid (ink) is eJected from an ink jet head

and is adhered to a recording medium to effect

' recording;-there generallY'is provided a recording
liquid feed device, which dev1ce includes a. recording
'prliquid container fOr containing ink to be. fed to an ink

i-“jet head and also includes a recording liquid feed path

for conducting ink from an ink tank to the ink Jet

._;head.

In the case where the recording liquid container

=4fand the 1nk jet head are spaced apart from each other
'.d a flexible plastic tube or the 1ike 1s used as . the

;recording liquid feed path and even when there is used_'

a recording liquid container integral w1th or removable

*u from the 1nk jet head - there sometimes is used a
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pipe—like.communication member (joint pipe). Usually,
a filter is disposed within the path between the head
and the tank.

In a recording liquid feed device in which such a
feed tube 1001, e.g., a plastic tube, as shown in
Figs. 35A and 35B are used as the aforesaid recording
liquid feed path, ink present within the feed tube 1001
evaporates into gas, which gas permeates through the
wall of the feed tube 1001 and is d_ischarged_. to the
exterior. It follows that a trace of air enters the
feed tube'lool through the wall of the tube lOOl,'which
entry of air may result in formation of a bubble 1002

within the tube 1001, as shown in Fig; 35A. - The_bubble

't1002 if formed within the feed tube 1001 causes the ink

flow path to become narrower; with consequent
obstruction to the flow of ink which may lead to a |
deficient supply of ink.. |

Further Af such a state is 1eft as 1t is over a

_long period the bubble will grow 1nto a larger bubble

l1002 which may cause separation of the ink present

Within the feed tube 1001 and formation of meniscuses

_1003 as shown 1n Fig. 35B. =Such a state influences-

".the flow of 1nk and may result in ink being unable to .

be fed. In this case even 1f an attempt 1s made to

”recover the continuity of the feed tube 1001 for
1 example by us1ng a. pump to suck out the ink from the

*interior.of.tube lOOl,_it_may be impossible-tojrecover--
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the tube contlnuity unless a considerably large force
is used.

If a gas barrier layer through which air is
difficult to permeate is formed on the wall of the feed
tube 1001, the formation of bubbles 1002 may be
diminished. With such a gas barrier layer, however,
the feed tube 1001 becomes thicker and occupies a
larger space. Besides,lthe feed pipe becomes hard and
may be cracked upon imposition of a stress thereon when
bent so as to be_disposed within the ink jet printer or
when the ink jet head moves together with a carriage
which carries.the ink jet head thereon. |

In a recording liquid container having an absorber
containing chamber and a liquid storage_chamber, the
absorber containing chamber having a gasfinlet-path
formed therein for the promotion of gaseliquid
exchange 'the'entry of air into'the'gas-inlet path- .
forms an alr path and the ‘entry of the air 1nto liquld
storage chamber relleves the internal pressure. ln

thlS case, the a1r moving tlme-domlnates an, 1ncrease-in

_negatlve pressure during the supply of llquid SO 1t 1s
-preferable that the air move smoothly w1thout the need
'of increas1ng a capillary force of the gas inlet.path ﬁ

for gas liquid exchange.

In the case of a recordlng 11qu1d contalner in

which the liquid storage chamber is replaceable, a

Jjoint pipe as an ink - flow path,,mhich'is relatively_
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long in a lateral direction (horizontal direction), is
laid between the liquid storage chamber and the
absorber containing chamber, there sometimes occurs a
case where the introduction of ink from the liquid
storage chamber into the absorber containing chamber is
not performed smoothly.  Particularly, for example when
the ink jet printer is placed obliquely and hence the
joint pipe is inclined upward toward tne absorber
containing chamber, there is a fear that the
introduction of ink may not be done smoothly, with

consequent exhaustion of ink.

SUMMARY OF THE INVENTION
- The present invention intends to solve the

above~mentioned problems and provide a recording liquid

ffeed3path, a recording liquid container, and a
';recording liquid feed device provided with them,

‘capable of effecting the movement of ink smoothly

within a liquid flow path from the recording liquid
contalner to a llquid ejection head/(preferably also o
withln the recordlng llquid container). |

In.the case.of an ink tank w1th-a-compressed

-,member dlsposed w1th1n a liquid feed port of a

recordlng head the compressed member belng constituted

by a. bundle of fibers whlch are arranged in alignment o

with a llquld feed dlrectlon if an ink flow res1stance-

-ofithe compressed menmber is:hlgh_and if ink 1svto be :
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".-ZS“fidensuring a desired 1yophilic nature over a long period.i.l

fed at a high flow rate to meet the requirement for
high-speed printing, then from the same viewpoint as
above, there arises the problem that it is no longer
possible to feed ink stably to the head.

The present invention is an epoch-making invention
based on a new knowledge found out during our studies
about the conventional technical level.

According to the conventional surface modifying

method by only a chemical bond based on radical
) formation, it is impossible to modify a surface of a

‘complicated shape uniformly. Particularly, surface

modification is infeasible for the interior of a
negative pressure generating member having a

complicated porous portion in the interior thereof such

| asrsponge or a“fiber'composite which is used in the ink

'7jet field for generating a negative pressure._

e Besides, if the liquid used contains a surfactant

';the porous portion 1S not surface-modified and upon
i_extinction of the surfactant the liquid exhibits no
characteristic and the characteristic of the surface

'*_itself also reverts to its original state 1mmediately.

Olefin reSins are superior in water repellence as

'-'can be seen from their contact angles as high as . 80° or

:iffmore relative to water, but no method is available for .

Hav1ng therefore made studies for finding out a

'uf_gmethod capable of surface—modifying olefin reS1ns in a



10

15

20

25

rational manner and maintaining the thus-modified
characteristic and for eventually providing a method
capable of surface-modifying all kinds of elements, the .
present inventors noted the use of a treating liquid
and premised that even a negative pressure generating
member of a complicated structure could be treated
thereby.

Moreover, in connection with the relation'between
a to-be-modified surface of a negative pressure

generating-member and a polymer containing a reactive

' group, we have newly found out that the balance with

the reactive group can be controlled to a desired state
by utilizing surface energy and that the durability and
quality stability can be further 1mproved by analys1s
of the polymer itself.- '

Having also paid attention to a negative pressure

“characteristic of such a negative pressure generating
"-member as a porous member from another v1ewp01nt we.

_encountered the follow1ng problem

- A conventional negative pressure generating member'

_[.is in many cases exposed to 1iquid such as a liquid inki;

'filled in an initial stage.7'“

-In the case where a negative pressure chamber and

'r-a liquid containing chamber are integral with each

other a portion of the negative pressure generating

'ﬁmember exposed to the liquid consumes the liquid whichjs_3

3-consumed quantity of the 1iquid may be replenished.“"
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However, the interior of the device concerned, which is
in a normal condition, does not assume that the liquid
will be replenished to the negative pressure generating
member which consumes the liquid as a whole. Thus, it
is uncertain even for those skilled in the art whether
a return to the initial negative pressure'or to the

initial ligquid retention will be attained or not by the

'replenishment of liquid.

Having made a further study about what degree of
return will be attained by mounting a replenishing
liquid containing chamber (a container or a tank) after
the liquid contained in a negative pressure generating
member containing chamber has been consumed at an

arbitrary level, we found out that the amount of the

_liquid'filled into theVnegative'pressure.generating
'member in an initial stage was fairly large because of
: forced pouring of the liquid by some suitable means,_

'but that a mere re-filling of the liquid afforded only .

about a half return probably due to a difficult removal

- of air contained in the negative pressure'generating

member and that if such a mere replenishment of liquid

tis repeated the amount of liquid capable of being |

‘retained would become more and more smaller and an f

increase . in negative pressure also resulted

It 1S a first obJect of the present invention to

'prov1de a liquid feed path in which even. when a bubble

: 1s present in a 1iquid feed tube portion 1eading to a
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liquid ejection head, the path can be recovered by
suction or the application of pressure using recovery
means;

It is a second object of the present invention to
provide a liquid feed path having a lyophilized surface
formed on an inner surface thereof, the lyophilized
surface being formed using a thin polymer f£ilm of a
molecular level which causes little change in the
inside diameter of the path and the manufacturing
method therefor. |

It is a third object of the present invention to -
provide a containing chamber capabie of containing.
liquid to be fed to a liquid ejection head and improved
in liquid mevability and recoverability in a joint

potion (connector portion) of a negative pressure

' generating member_cbntaining chamber to and from which
- a removable liquid feed:member is-connectedgand

'5'remoted'*and also prOVide a'cdntaining chamber.

involving a lyophllization treatment for at least a

part of a negative pressure generatlng membér. It is f

-'Halso an obJect of the inventlon to prov1de a contalnlng

chamher and a system both capable of’ ensurlng~the

'intrOduction of gas (outside air) which is performed

'e-tbgether-with the supply'of liquid into a negatite

pressure generatlng chamber by the 1iqu1d feed member.'.

It is a fourth obJect of the present invention to

;'prov1de a 11qu1d feed tube manufacturlng method for
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ensuring a lyophilic nature of an inner surface of an
olefin/resin tube for a liquid ejection head, as well
as a liquid feed tube manufactured by the method.

It is a fifth object of the present invention to
provide structural members such as a tube, a pipe, and
a filter capable of exhibiting a lyophilic nature and
also exhibiting air permeability and elution preventing
effect in a liquid feed path formed within a liguid
ejection device.

Other objects of the‘present invention and

-combined.objects of the above objects will be

understood_from the following description.

For achieving the above-mentioned objects,

-according to the present invention there is provided a

tubular recording liquid feed path as path portion

'through which a recording liquid passes directly or as

:'lf'a structure necessary for the feed of the recording
fliquid to feed the recording liquid to an ink jet head

'ﬁ.which ejects the recording liquid to. effect recording,

‘in which a polymer is applied to an inner surface

.'of the recording liquid feed path the polymer hav1ng a
fﬂfirst moiety containing a lyophilic group for making
q“the inner surface of the recording liquid feed path

ehydrophilic and’ a second moiety containing a group

”-:1nterfac1al energy of the 1yophilic group and almost

-;_equal to a surface energy of the said surface the -



10

15

Co200

"ipath becomes sm

- 11 -

second moiety being oriented toward the said surface
which direction is different from an orienting
direction of the first moiety.

According to this construction, when air permeates
through the wall of the recording liquid feed path and
forms a bubble in the interior of the same path, the .
recording liquid is conducted along the hydrophilized
inner surface of the recording liquid feed path in the
wall portion of-the same path with the bubble adhered

thereto, so that the area of bubble adhesion to the

~ inner surfaoe of the path becomes small; besides, the

bubble leaves the inner surface of the path and floats.
ConSequently, the bubble can be.removed easily by the

flow of 11quid during feed of the liquid and thus the

"stay of the bubble within the path can be shortened.

' Consequently, the flow of the recording liquid can be

"Lprevented from being obstructed by the bubble and thef

~,¢frecording 11quid can be'fed efficiently.

If a bubble adheres to the inner surface of the

-_recording liquid feed path the osmotic pressure of the-

3grecording liquid71n this bubble-adhered portion of the

'fler, thus promoting th_'Peh]eatLOn °f

'?iair 1nto the same path i However in the recording

_:g”iliquid feed path according to the present invention

'fzsahsis1nce the area of bubble adhesion to the inner surface
._;-of the recording liquid feed path can be made small

_fﬁthe permeation of air 1nto the recording 1iqu1d feed
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path, which is caused by a lowering of the osmotic
pressure of the recording ligquid, can be prevented from
being accelerated.

Since the hydrophilized inner surface of the
recording liquid feed path according to the present
invention is low in flow resistance during movement of
the recording liquid, the recording liquid can be fed
more efficiently through the recording liquid feed
path.

for effecting_this hydrophilization, the inner
surface of the recording 1iquid.feed path may be
constituted by an olefin resin, and a polyalkylsileane
containing a hydrophilic group nay be used.as'a .
polymer. | | |

AccOrding'to the preSent_invention there_is .
further-provided a recording liquid feed-system-"

comprising a first container, the first container

'containing an absorber which holds a recording liquid

~to be fed to an ink-jet head temporarily with a

capillary force, a second container which holds a

-recording liquid to be fed to the first container and
. a tubular recording liquid feed path for communication

--between the first and second containers,

in which the absorber is a fibrous member

'constituted by fibers which contain an olefin res1n at
least on their surfaces “an inner surface of the ;

.recording liquid feed path has an. olefin resin, the_~
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surface of the fibrous member and the inner surface of

.the recording liquid feed path are each applied with a

polymer at least partially, the polymer having a first
moiety containing a lyophilic group for lyophilization
and a second moiety containing a group having an
interfacial energy different from an interfacial energy
of the lyophilic group and almost equal to a surface
energy of the said surfaces, the second moiety being

oriented'toward the said surfaces, and the first moiety

" being oriented in a direction different from the said

- surfaces.

According to this construction, since the surface

of the fibrous member contained in the absorber is

- hydrophilized, the surfaces of the constituent fibers

are high in wettability, so that the absorption of ink

”by the fibrous absorber is fast and there can be

attained an efficient feed of 1nk to the absorber..'

-Besides, since the flow resistance during movement of
'the ink is low in the fibrous absorber portion it lS
-lpossible to conduct the ink to the ink Jet head

. :"efficiently.

According to the present invention there 1s

_further provided a recording liquid container'
__containing a recording liquid to be fed to an ink jet-
:head Wthh ejects a recording ink for adhesion to a :g

-'”recording medium to effect recording,

in which a partial-surface_of a portion through |
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which the recording liquid passes directly or a partial
surface of a structure necessary for feeding the
recording liquid is hydrophilized.

According to this construction, there can be
obtained a recording liquid container capable of
feeding a recording liquid stably and efficiently.

More specifically, according to the present
invention there is provided a recording liquid

container including a filter disposed in a feed port

- portion for the feed of a recording liquid to an ink

jet head,
in which the surface of the filter is
hydrophilized. |
i By so making the filter hydrophilic it is possible
to diminishia'preSSureViOSs'caused by the-filter and

conduct a recording liquid held 1n an 1nk cartridge to

'V_r?the filter portion efficiently and feed it to the

25

' '_exterior...f"

According to the present invention there is-

_further provided a recording liquid container _
Z“compriSing an absorber containing chamber and a 1iquid.
'}fpstorage chamber the absorber containing chamber
'l-containing an absorber and being provided With an
'ratmosphere communication port and a 1iqu1d feed port
_ithe absorber functioning to hold liquid by ut111z1ng a _h

._capillary force, and the liquid storage chamber

R 7commun1cating with the absorber containing chamber
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through a communicating portion and defining a
substantially sealed space except the communicating .
portion,

in which a housing of the absorber containing.
chamber is lyophilized at a surface of contact thereof
with the absorber at least in the vicinity of the
communicating portion.

According to this construction, at the surface of
contact with the absorber on the side.where the

communicating_portion is connected to the absorber

‘containing chamber, even if there is a slight gap

between the absorber containing chamber and.the
absorber the recording liquid held by the?absorber can
be conducted to the said gap and held therein whereby

it is possible to prevent air from being conducted

.through the gap to . the communicating portion and hence

'-ffpos51ble to effect gas—liquid exchange stably.'

According to the present invention there is

_"pfurther provided a recording liquid container
20 -

containing an absorber and provided With an atmosphere

' “fcommunication port and a liquid feed port the absorber""
: “functioning to hold a recording liquid by utiliz1ng a

- capillary force and further provided with a Joint pipe_'

for introducing the recording liquid into the absorber

in which an inner surface of the jOint pipe is l‘

'..lyophiliZed

.f By thus making the 1nner surface of the joint pipe
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hydrophilic it is possible to conduct the recording
liguid stored in the liquid storage chamber to the
joint pipe portion efficiently and'feed it into the
absorber containing chamber.

In this case, by making the inner surface of a
lower portion of the joint pipe hydrophilic, thereby
allowing ink to pass through a lower portion of the
pipe and allowing air to pass through an upper portion
of the pipe, it is possible to effect gas-liquid |
exchange in a more stable manner.

Further, if an inner surface of a connection port
of the 1iqu1d storage chamber for connection with the
joint pipe is made liquid—repellent, it becomes
possible to preVent the recording liquid from.staying
in the connection port of the. 1iquid storage chamber

when the same chamber is removed from the absorber

“containing chamber.}'fs

It is preferable that the absorber be constituted{
by a fibrous member and that both a portion of the ."

fibrous member corresponding to the liquid feed port '

. and a surrounding portion thereof be subJected to a-
"jlyophiliz1ng treatment at least partially.a By so d01ng
”_.1t is poss1ble to 1mprove the recording liquid

” absorbability of the absorber and decrease the flow_

res1stance of the recording liquid contained 1n the,

absorber.

- The lyophilizing treatment according to the |
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present invention for a partial surface of a portion of
the recording liquid container through which the
recording liquid passes directly or for the surface of
a part of a structure necessary for the feed of the
recording liquid is characterized in that a polymer is'
applied to the surface to be rendered lyophilic, the
polymer having a first moiety containing a lyophilic
group for making the surface lyophilic and a second
moiety containing a group having an interfacial energy
different from an interfacial energy of the 1yophilic
group and almost equal to a surface energy Of.the said
surface, the second moiety being oriented toward the
said surface, and the first moiety being oriented in a
direction different from the said surface.

According to the present invention there is

further provided a recording 11quid feed dev1ce for

feeding ‘a recording liquid to an ink jet head which

feJects the.recording liquid-for adhesion to.a-recording

‘medium to effect recording,

in which a polymer is applied to a partial surface_

of a path portion through which the recording 1iqu1d

1passes directly and is applied also to a partial

lsurface of a part of a negative pressure generating

member which feeds the recording 11quid while :
generating a negative pressure, the polymer having a

first moiety containing a 1YOphlllC group for making

:the said. surfaces lyophilic and a second m01ety
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containing a group having an interfacial energy
different from an interfacial energy of the lyophilic
group and almost equal to a surface energy of the said
surfaces, the second moiety being oriented toward the
said surfaces, and the first moiety being oriented in a
different direction.

More specifically, the recording liquid feed

device according to the present invention is

characterized by having the foregoing recording liquid

feed path or recording liquid container.

~ According to the present invention there is
further proyided a surface modifying method for

lyophilizing or 1iquid-repe1izing a partial surface of

a path portion through which a recording liquid passes

directly in a recording liquid feed device for feeding

‘the recording”liquid to a liquidﬁejection head or a
.:-partial surface which constitutes a part of a filter
'rtfnecessary for feeding the recording liquid w1th a
f_'functional group for the lyophilization or
-liquid-repellant treatment being imparted to the

_partial surface,_the method compriSing.

.a first step of applying 1iqu1d containing

'o}:fragmented products to the partial surface, the
T"fragmented products having a first moiety containing a
:ifunctional group and a second moiety containing a group
' -hav1ng an interfacial energy different from an '

:hinterfacial energy of the functional group and almost
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equal to a surface energy of the partial surface, the
fragmented products being obtained by cleavage of a
functional group imparting polymer having the first and
second moieties;

a second step of orienting the second moiety of
the fragmented products to the partial surface side and
orienting the first moiety to a side different from the
partial surface side; and

a third step of condensing and polymerizing at
least partially the fragmented products oriented on the
partial surface. | | | .

Further, a surface modifying method-according to
the present invention is characterized by comprising:
| a first step of'applying assglution'to a surface

in which solutiOn"are dissolyed a dilutewacid an.'

}affinity improver for improving volatility and affinity
ﬁ'for an element surface -and a treating agent containing
:a polymer the polymer haV1ng a second moiety and a.j.

'first moiety, the second m01ety containing a group
_j:hav1ng an. 1nterfacial energy almost equal to a surface
’;energy of the surface, and the first moiety containing
'aa group of an interfacial energy different from the

_said interfacial energy,-

a second step of imparting heat to the surface to

'remove the affinity improv1ng agent,

a third step of concentrating the dilute acid and -

- allow1ng the polymer contained in the treating agent to'
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be cleaved; and

a fourth step of condensing the cleaved polymer on
the surface, orienting the second moiety of the polymer
toward the said surface, and orienting the first moiety
to a side different from the said surface.

According to this surface modifying method it is
possible to conduct a uniform and continuous surface
modifying treatment. By so modifying the surface it is
possible to improve the fluidity'of a recording liquid
which comes into contact with the surface.

Thus, according to the present invention the

wettability of ink for the liquid feed path as a path

- portion through which the recording liquid passes

directly or as a structure necessary for the feed of

the 1iqu1d is improved the adhesion of a bubble -

| becomes difficult a bubble even if formed is difficultj

to grow even when 1eft standing over a 1ong period the

o adhesion and staying of a bubble within the liquid feed'
path are suppressed and the ink feedability is iﬂ

: difficult to be deteriorated.

Further by applying the hydrophili21ng treatment

'to a partition wall on a absorber containing chamber '
. side in a liquid container having the partition wall
'_fit is. pOSSlble to prevent an accidental occurrence of.
- .an air path between the wall surface and the absorber
.'and 1t is poss1b1e to effect the introduction of gas"

;through a predetermined route,_thus permittlng
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gas~liquid exchange to be carried out stably and
permitting improvement of the reliability in the feed

of liquid.

BRIEF DESCRIPTIOﬁ OF THE DRAWINGS

Fig. 1 is a schematic perspective view of an ink
jet printer according to the first embodiment of the
present invention;

Fig. 2 is a schematic sectional view of a
recording liquid feed device used in the ink jet
printer:; ' |

Figs. 3A and 3B are'enlarged views.showing'a
characteristic of feed tubes 302 of the recording -
liquid feed device shown in Fig. 2, of which Fig. 3A is

a sectional view of a feed tube 302, on whichla'

'hYdrophilized surface 316 is not'fdrmed- as a reference

example and Fig. 33 1s a sectional v1ew of a feed tube

:_ 302, on which the hydrophilized surface 316 is formed
"._used in the first embodiment,

Fig. 4 1s a schematic sectional view of a

o _recording 1iquid feed deVice according to the second

_embodiment of the present invention,:

Figs. 5A and SB are schematic diagrams of an 1nk

cartridge ‘as a constituent of a recording liquid feed

fdeVice according to the third embodiment of-thempresentr:a
-invention, of which Fig. SA is a. sectional View and L

. Fig. 5B is a perspective view of a partition wall 54
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portion;

Fig. 6 is a schematic sectional view of an ink jet

head cartridge as a constituent of a recording liguid

feed device according to the fourth embodiment of the
present invention;

Figs. 7A and 7B are schematic diagrams of the ink
jet head cartridge shown in Fig. 6, of which Fig. 7A is
a brief sectional view of the whole of the cartridge

and Fig. 7B is an enlarged sectional view of a joint

_pipe 61 portion,

Figs. 8A and BB are sectional views showing

N another examples of hydrophilization for the,joint'pipe

61 portion of the ink cartridge shown in Fig. 6;

Figs. 9a, QB 90 and 9D are diagrams show1ng

_examples of mov;ng states of ink in the ink Jet head

'cartridge shown in Fig. 6, :

Fig.-lﬂ 1s a sectional v1ew show1ng an example of B

"_ﬂwater—repellant treatment for a connection port 62

';;portion of the ink Jet head cartridge shown in Fig. 6._

Figs. 2ia, 118, 11c 11D, 1iE and llF are dlagrams' |

an absorber an abs_gber containing chamber and a

'%joint pipe in the jet head cartridge shown in Fig._ﬁ"

"-- Fig. 12 is a schematic sectional View of an 1nk

TJet head cartridge as a constituent of a recording _
i:liquid feed device according to the fifth embodlment of:'

']the present invention,_”'

'”_examples of hydrophilization for-_if_'”
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Figs. 13A and 13B are diagrams each showing a form
of adhesion between a polymer as a surface modifier
formed on a to-be-modified surface of an element (a
base) and the surface of the element in a surface
modifying method applicable to the invention, of which
Fig. 13A illustrates a case where both a first group as
a functional group_and a second group for adhesion to
the element surface are contained in the side chain of
the polymer and Fig. 13B illustrates a case where the

second group is contained in the main chain of the

- polymer;

Fig. 14 is a diagram showing schematically a base

coated with a'layer of a treating solution containing a

'polymer as a surface modifier in a surface modifying

method applicable to the invention,

Fig. 15 is a conceptual diagram shOWing a step of

';partially remov1ng a solvent from the coating layer
o containing the polymer as a surface modifier and formed
| on the base in the surface modifying method applicable

h'to the invention,

Figs. 16A and 163 are conceptual diagrams show1ng

”ia partial dissociation process of the polymer as a
_Vsurface modifier which is associated With the partial
3solvent removing step from the polymer coating 1ayer
fand which is induced by an acid added into the treating

- solution,

Fig 17 is a conceptual diagram ShOWlng an
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orienting process of the polymer as a surface modifier
or fragmented products thereof in association with a
further solvent removing step from the coating layer
containing the polymer:;

Fig. 18 is a conceptual diagram showing in what
process the solvent contained in the coating layer is
dried off and the polymer as a surface modifier or
fragmented products thereof are oriented, adhered and
fixed onto the element surface; |

Fig. 19 is a conceptual diagram showing in what
process fragmented products deriwed from the polymer as
a surface modifier which is adhered_and fixed onto the
element surface are re-combined by a.cOndensation
reaction, |

Fig. 20 is a conceptual diagram show1ng an example

_of applying a surface modifying method applicable to _

the invention to a hydrophilizing treatment for a.

Twater-repellent surface and also showing what effect is

' obtained by adding water into a treating'solution; o

Figs. 21a, 213 210 and 21D 111ustrate a PE-PP

fibrous member utilized as an ink absorber in an ink

o tank of which Fig. 21A shows schematically a form of B

| utilization as. an 1nk absorber in. an ink tank Fig. Zle L

shows schematically an entire shape of the PE-PP
fibrous member as well as an arranged direction Fl of

constituent fibers and a direction FZ orthogonal

n..thereto, Fig. 21C shows schematically a state before'
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heat-fusion of the PE-PP fibrous member, and Fig. 21D
shows schematically a heat-fused state of the PE-PP
fibrous member;

Figs. 22A and 22B show examples of sectional
structures of the PE-PP fibrous member illustrated in
Figs. 21A to 21D, of which Fig. 22A shows schematically
an example of coating a PE sheath onto a PP core
substantially concentrically and Fig. 22B shows
schematically an ekample of coating a PE sheath onto a
PP core eccentrically; |

Figs. 23A 238 ZSC 23D 23E and 23F show an

example of applying a surface modiinng method

according to the present inﬁention to a hydrophilizing
: treatment for a water-repellent surface of the PE PP
L fibrous member illustrated in Figs. 21A to 21D of
_.which Fig. 23A shows schematically the fibrous member o

-.'ibefore treatment Fig. 235 shows schematically:'*étep”}jfg"

'7of dipping the fibrous member into a treating so,utionf-v'p”

: for hydrophilization Fig. 23C schematically shows a

;1remov1ng a. surplus portion of the treating solution

"-and Figs. 23D to 23F are partial enlarged diagrams of o

-Figs. 23A to 23c respectively,,-~ff“"'

Figs. 24A 24B 24C 24D 24E and 24F shows stepsf

'j:23F _of which Fig._24A schematically shows a coating

Zflayer formed on the surface of the fibrous memb“r;y_-f.
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Fig. 24B shows schematically a step of drying off a
solvent contained in the coating layer, Fig. 24C shows
schematically a coating of a hydrophilizing agent which
covers the surface of the fibrous member, and Figs. 24D
to 24F are partial enlarged diagrams of Figs. 24A to
24C, respectively:

Fig. 25 is a magnified (150X) SEM photograph as a

substitute for drawing, showing the shape and surface

condition of an untreated PP-PE fibrous member in

Reference EXample 1 (untreated PP-PE fibrous absorber):;

Fig. 26 is a magnified (500X) SEM photograph as a

substitute for drawing, showing the shape and surface

~condition of an untreated PP-PE fibrous member in

Reference Example 1 (untreated PP-PE fibrous absorber);

Fig. 27 is a magnified (2000X) SEM photograph as a

. substitute for drawing, showing the shape and surface
'-condition’Of an'untreated PP-PE fibrous member-in

:Reference Example 1 (untreated PP—PE fibrous absorber),

Fig. 28 is a magnified (lSOX) SEM photograph as a

substitute for draWing, showing the shape and surface

”condition of an acid-treated PP-PE fibrous member in

'__Comparative Example 1 (PP .PE fibrous absorber treated

with only acid and alcohol),

| Fig. 29 is a magnified (150X) SEM photograph as a
substitute for drawing, show1ng the shape and ‘surface
condition of a treated PP—PE fibrous member in

Principle Application Example 1 (hydrophilized PP—PE



10

15

'zb_

25

- 27 -

fibrous absorber);

Fig. 30 is a magnified (500X) SEM photograph as a
substitute for drawing, showing the shape and surface
condition of a treated PP-PE fibrous member in
Principle Application Example 1 (hydrophilized PP-PE
fibrous absorber):

Fig. 31 is a magnified (2000X) SEM photograph as a
substitute for drawing, showing the shape and surface
condition of a treated PP-PE fibrous member in
Principle Application Example_l (hydrophilized PP-PE
fibrous absorber);_

Fig.'32 is a process chart showing an ekample of a
Surface.modifyinglprOcess applicabie to the invention;

Fig. 33 is a diagram showing an example of an

-estimated surface distribution of hydrophilic and

hydrophobic groups by a surface modifying treatment

-..applicable to the invention,_-"

Figs. 34A 34B and 34C are diagrams show1ng

B 'examples of a hydrophilization treatment for a. negative
_pressure generating member (absorber) in an ink Jet

R%Jhead cartridge applicable to. the invention, and

Figs. 35A and 353 are sectional v1ews of a feed

fpipe 1001 used in a conventional 1nk jet printer.

'DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS”

._ Embodiments of the present invention will be

'described hereinunder with reference to - the
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accompanying drawings.

Being superior in wettability for a liquid

- contained is designated "lyophilic" or "lyophilic

nature" in the present invention. The ink used in the
following embodiments is a water-based ink, and in
connection with the lyophilic nature reference will be
made particularly to hydrophilic nature in the
following embodiments. However, inks employable in the
present invention are not limited to aqueous inks, but
oily inks are also employable, in which case it is
lipophilic nature that is imparted to a surface.

(First Embodiment)

The first embodiment will be described below with
reference to Figs. 1 and 2.

Fig. 1 is a schematic perspective view of a serial
scan type ink jet'printer acccrding-to the first

embodiment and Fig. 2 is a schematic sectional view of

a recording liquid feed device portion used in the ink

- jet printer.

As shown in Fig. 1, the ink jet printer is -

proVided-With’a-carriage-304-supported'reciprccatably

-on two parallel guide shafts 305 and 306 and an ink jet

head 301 disposed on the carriage 304 and adapted to
eject ink (recording liquid) for adheSion to a
recording medium to effect recording.' A timing belt

309b entrained on twc pulleys 309 is connected to the

. carriage 304. One pulley 309 is prOVided With a gear
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portion 309a which is in mesh with a pinion gear 308,
the pinion gear 308 being mounted on a rotary shaft of
a motor 307 which generates a drive force for moving
the carriage 304.

Upon turning ON of the motor 307, an output of the
motor rotary shaft is transmitted to the associated
pulley 309 via the pinion gear 308 and the gear portion
309a of the pulley, causing the pulley to rotate. This
rotation of the pulley is transmitted to the carriage
304 via the timing belt 309h. In this way the carriage
304 is reciprocated in the directions_of arrows in Fig.
1 along the guide shafts 305 and 306 according to
rotational directions of the pulley 309.

Image recording is performed in the following

manner.

The carriage 304 is reciprocated along-the'guide--
shafts 305 and 306 and a recording medium (not shown)~
ig moved in a direction perpendicular to. the guide

shafts, thereby causing the ink Jet head 301 to be

' 'moved to a position opposed to a desired recording

pos1tion on the recording medium. Then, the ink Jet

'head 301 is operated to eject 1nk so that the ink is

'adhered to the desired recording position on. the

recording medium.

An ink cartridge (recording liquid container) 303,

- in which ink tanks for holding 1nks to be fed to the

ink jet head 301 are incorporated 1s-disposed at a
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position away from the ink jet head, ink feed tubes
(recording liquid feed paths) 302 are laid between the
ink cartridge 303 and the ink jet head 301. The ink
cartridge 303 contains four ink tanks which hold four
inks respectively, and the ink jet head 301 has ink jet
head elements corresponding respectively to the four
colors. The four feed pipes 302 are provided
corresponding to four colors of ink. The inks stored
in the ink tanks are fed respectively to the
corresponding head elements in the ink jet head 301
through the feed tubes 302. | |

A:recOrding liquid feed device for feeding inks to

the ink jet head 301 is constituted by the ink

' cartridge 303 and the feed pipes 302.3 As shown in Fig.
' 2, inks are contained directly within the ink cartridge
_303; In the ink cartridge 303 are formed atmosphere |

'gcommunication ports 312 for introducing the atmosphere

J“=:m'into the 1nk cartridge 303 as’ well as 1nk feed ports

20

25

-_313 with a filter 304 being disposed 1n each of. the .
"efeed ports 313. In this embodiment _ink 1s fed to each_
3,1nk Jet head 301 by utlllzlng a head difference. ‘The - |

| ink Jet head 301 is disposed at a pos1tion higher than .

'the ink cartridge 303 and ink is: fed thereto under a

predetermined negative pressure condition by utilizing

.a head difference.
As each feed tube 302 there is used a polyethylene :i

(PE) tube,.and polypropylene (PP) 1s used as the
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material of each filter 308.

In this embodiment, an inner surface of each feed
tube 302 is rendered nydrophilic. A description will
be given below about a method for hydrophilizing the
inner surface of the polyethylene tube used as the feed
pipe 302.

First, a hydrophilizing solution having a

composition shown in Table 1 below was prepared.

[Table 1]

Tabie'l COmposition of the hydrophilizing solution

'Component L | Amount (wt%)
(Polyoxyalkylene)-poly(dimethylsiloxane) {1 4.0 -
7Isopropyl alcohol *i'V__'i,- S ;iz'fi'és,snf'

A polymer_solution was prepared using isopropyl

1_a1cohol as an organic solvent superior in its._-'

'iZOd?-;dissolving power for a

_f(polyoxyalkylene)-poly(dimethyls1loxane) as a

'fg_highrmolf ular co'pound;“ More sPecifically, sulfuric :

'_facid as_an 1norganic acid Was added to 1sopr0py1

' ;alcohol 1n such an amount as to give a concentrated
_gsulfuric acid proportion in the final solution of O 5'
”_fwt% followed by intimate mixing.{ Then,

o_(polyo'yalkylene)-poly(dimethylsiloxane) was added 1n;p

'“fsuch an amount as to give a’ proportion thereof in the""
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final solution of 4.0 wt% and was then allowed to
dissolve and mix homogeneously, to prepare the above
hydrophilizing solution. The
(polyoxyalkylene)-poly(dimethylsiloxane) used has a
structure with one methyl group replacing the
(polyoxyalkylene) group in a main repeating unit of
poly (dimethylsilokane) represented by the following
general formula (1): |

{General formula 1] _

| ?Hs

- ?i—CHa
CHs

CsHs (0C2H4) a(ocaHs) sOR

where m and n are positive integers, a and b are also

'_positive integers and-R is an alle-group or hydrogen.,'

A commercially available compound (trade name.

Silwet L-7002 manufactured by Nippon Unicar Co. Ltd )y

. was used. The bracketed portion in the above general

_formula stands for a hydrophilic group, which is the

second group (a functional group) explained in Fig.-=

_-corresponding to;the~portion indicated at 1-2 in Fig.

33,

In the above hydrophilizing solution there also
are dissolved a small amount of water molecules in

addition to sulfuric acid molecules in assoc1ation w1th

'the concentrated sulfuric acid
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Using the hydrophilizing solution prepared above,
the inner surface of the feed tube 302 was subjected to
a hydrophilization treatment. A small amount of the |
solution was charged into the feed tube to wet the
inner surface of the tube. After a uniform wet surface
was obtained, a surplus solution was withdrawn from the
feed tube 302 to the exterior. The feed tube thus wet |

uniformly with a film of the solution was dried in a

. 60°C oven for 1 hour. In this way the feed tube'302

was rendered hydrophilic.

(Comparative'Examples 1.to 3) _

To check the efféct of the above hydrophilization
treatment therelwere prepared solutions of_the

following three'compositions; which Were then each.

-applied to an inner wall surface of aiPP__.

(pOIYpropylene)-container.”

(l) Solution as Comparative Example 1

'Q:.;ln “the ! above Table 1 only 1sopropyl alcohol and .

.sulfuric acid were mixed together.f Thus, this solution-@;

p.does not contain a p“ | e _ s |
Fj(polyoxyalkylene)-poly(dimethy1S1loxane) that is used
in the formation of a polymer film 1ntended in the :

present 1nvention.

(2) Solution as Comparative Example 2

In the solution composition shown in the above

“f_Table 1 only isopropyl alcohol and
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(polyoxyalkylene)-poly(dimethylsiloxane) were mixed
together. Thus, a concentrated sulfuric acid is not
added to this solution, which solution does not contain
sulfuric acid and a small amount of water molecules
associated therewith.

(3) Solution as Comparative Example 3

The solution composition shown in the above Table
1 was used except that hexane as a poor'solvent for
{polyoxyalkylene)-poly(dimethylsiloxane) was used in
placé of isopropyl alcohol.

Each of the solutions thus prepared as Comparative

Examples 1 to 3 was charged in a small amount into a

tube to wet an inner surface of the tube. Thereafter,

the container used was turned upside down and was

shaken,:allowihg a surplus solution to be withdrawn to

the'extefiot of the container. The tube with the wet

-inné;-surfaCe-was_then dried in a 60°C oven for 1 hour.

,AS'a control-ther§'was used_an'untreated tube. -

. The tubes thus treated.were then checked for af

desired surface condition, the results of which are as

follows.

a) Method of-the-hydrdphiliciﬁy evaluation on tube

':The;ihnef{surfaces'of theffour tubés treated

'respedtively with the solution of the'cqmpbsition shown- .

in Tab;e 1 and the-sblutions_as Comparative Examples 1

_to 3 and the inner.surface of the untreated tube as a

cohtrol-were.:inSed;With pure water. After removal of
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the rinsing water used, pure water was newly poured
into the thus—rinsed tubes and the tubes were shaken
lightly. At this tfme, an adhered condition of pure
water to the tube wall surface was checked visually for
each of the tubes. |

b) Resuits of the hydrophilicity evaluation on
tube
With the untreated control tube as a reference, the

wall surface of the tube which had been subjected to a

 hydrophilization treatment with the solution of the

'composition'shown in Table 1 was checked and-found to

be wet with pure water. In contrast therewith, as to

the tubes treated with the solutions as Comparative

-Examples 1 to 3, pure-water was observed to move as

droplets and the*tubes'were not Wet at all and clearly

*?proved to be hydrophoblc llke the untreated control

B tubes._,:f‘

It is seen that although (polyoxyalkylene)—poly

(dimethylsiloxane) 1s contalned in the solutlons as

_'Comparatlve Examples 2 and 3, adsorptlon thereof onto
:the tube surface is not performed effectively and that
7:_therefore the (polyoxyalkylene)—poly(dlmethyls1loxane).u
. was washed off upon r1nsing of the container w1th pure.

-water after the treatment and Just before evaluatlon.

. On the other hand ‘as to the treated tube u31ng

t_the solutlon of the composition shown in Table 1 even

'jafter r1n51ng ‘the treated tube w1th pure water, the
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tube was found to be wet with pure water and thus it is
seen that the (polyoxyalkylene)-poly(dimethylsiloxane)
used was firmly adsorbed onto the tube inner surface
and that the adsorption was performed effectively.

A look at the above results of evaluation clearly
shows that a hydrophilization treatment for the surface
of a plastic tube is performed effectively by applying
thereto a solution containing a polyalkylsiloxane
having a polyalkylene oxide chain, an acid and an
alcohol and byusubsequent_drying. It is also seen that

a desired orientation and adhesion of'a high-molecular

polyalkylsiloxane to the tube inner surface are

attained by conducting the treatment in the presence of
an acid and an alcohol. Further--coupled with washing
a plastic surface with ac1d and alcohol to afford a

clean plastic.surface, it became clear that the methyl

':group moiety of an alkylSiloxane structure as a

repeating unit in a polyalkylsiloxane having a plastic .

surface and polyalkylene ox1de chain which exhibits a

'hydrophobic nature, was oriented on the plastic surface

and that for this reason the entire adheSive force Was
1mproved | |
Besides, by dissolving the polyalkylSiloxane

having a polyalkylene ox1de chain in an alcohol which

is a good solvent for the polyalkylsiloxane, 1t is
_possible to disperse the polyalkylsiloxane haVing a.

"”polyalkylene oxide~chain uniformly-on_a_plasticﬁsurface



10

~ 15

20

25

- 37 -

and allow it adhere to the plastic surface effectively.
In case of mere application and drying of a surfactant
having a hydrophilic group, an initial hydrophilic
nature is obtained, but rinsing with pure water will
immediately results in the surfactant being dissolved
in water, with loss of the imparted hydrophilic nature.
Thus, the above hydrophilization treatment can be
carried out uniformly and continuously. According to
this treating method, moreover, a hydrophiliaed surface
316 can be formed on the inner surface of the feed tube
302 by a molecular level of a thin polymer film.which
scarcely causes any change in inside diameter. The
hydrophilized surface 316 also exhibits air
permeability and elution.preventing effect. By such a
hydrophilization treatment it is p0551ble to 1mprove
the fluidity of the recording liquid w1thin the feed

tube 302 As to the principle of this surface

..modification (hydrophilization), 1t w111 be described

' later..~

If the inner surface of the feed tube 302 is not

_rendered hydrophilic the air which has passed through

the wall of the feed tube 302 is apt to adhere to the

'.'_tube inner surface and forms a bubble 315 on the tube

_ inner surface as shown in Fig. 3A.' The bubble 315

thus adhered to the inner surface of the feed tube 302

_is difficult to be drifted even if. there occurs a

slight-1nkgflow;wlth1n_the feed tube.--With the bubble-
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315 thus adhered to the tube inner surface, the ink
does not contact the bubble-adhered portion of the tube
wall, so that the osmotic pressure of the ink becomes
lower. Consequently, the entry of air into the feed
tube 302 from the bubble 315~adhered portion is
accelerated.

On the other hand, in the feed tube 302 whose
inner surface has been rendered hydrophilic as the
hydrophiliZed surface 316, as shown in Fig. 3B, even if
air which has passed through the wall of the feed tube
302-adheres to the tube ihner surface and forms a
bubble 315, the ink is conducted along the
hydrophilized surface 316 at the tube portion fo which

the bubble 315 is adhered, so that the area of

_bubble-adhefed.Surface decreases and eventually the

bubble 315 leaves the tube inner su:face and floats.

‘Consequently, the bubble 315 is carried away by the ink

éasiiy at the time of feeding ink. :Beéides,_sincefthe '

ink is conducted along the hydrophilized surface 316 at

' the bubble-adhéred portion of the feed tube 302, the
'ehtry,oflair into-the feed tube 302 from the

.'bubbleeadherediportion'can be prévenfed under the

osmoﬁiq'ptessﬁre of the ink.
Thus, in the recording liquid feed device of this

embodiment, since the inner surface of the feed tube

'_392.is_rendéxed hydrophilic, it is possible to reduce

the staying of the bubble 315 within the feed tube 302
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and hence possible to prevent the ink flow from being
obstructed by the bubble 315, thus permitting the ink
to be conducted efficiently. Moreover, the ink can be
fed at a high flow rate because it is possible to
improve the ink fluidity. Even if the bubble 315 is
formed in the tube interior, the continuity of the tube
can be recovered easily by recovery means such as, for

example, suction or the application of pressure. It is

difficult to use all of the ink held by'the absorber

310;_but in the recording liquid feed device of this
embodiment it is possible to feed.ink efficiently, so
it is possible to increase the usage of the ink held by
the-absorber 316. Further, since the bubbles 315 which

adhere directly to the feed tube decrease it is

"-poss;ble to prevent the occurrence of a gas induC1ng
: state from the exterior of the feed tube 302 to make it

t'f3difficult for. the bubble 315 to grow.

The surface of the filter 308 may be rendered

- hydrcphilic by the same method as that for the inner
isurface of the feed tube 302. By using the filter 308
,.hav1ng the thus-hydrophilized.surface the ink held by
ltthe absorber 304 can be conducted efficiently to the
:filter 368 portion and can be conducted smoothly to the
:';feed tube 302 Moreover, by thus making the surface of
- the filter 308 hydrophilic it lS possible to decrease _

. a pressure loss caused by the filter.

Heretofore, as the filter 308 there has been used.
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a filter of a shape capable of preventing its flow

resistance from becoming too high, but the use of the

_surface-hydrophilized filter 308 permits the use of

various filter shapes such as using a filter 308 of a
finer mesh, thus making it possible to improve the
filter function.

{Second Embodiment)

The second embodiment of the present invention
will now be described with reference to Fig. 4,_mhich-
is a schematic sectional view of a recording liquid
feed system according to this second embodiment. |

As shown in Fig. 4, this recording liquid feed

system is provided with an ink cartridge (a second

”container).323 an ink holding chamber 327'integral'
w1th an ink Jet ‘head 321 the ink holding chamber 327
'containing an absorber 324 which holds ink temporarily o
:with a’ capillary force and a feed tube 322 for.;

' conducting ink from the ink cartridge 323 into the ink '

holding-chamber-327.- In the ink cartridge 323 are :
formed an atmosphere communication port 325 for
introducing the atmosphere and a. feed port 326 for the :
feed of 1nk. The feed tube 322 1s 1nserted into the B
1nk cartridge 323 through the feed port 326 |

In the recording liquid feed device of this_

_ embodiment the feed 1nk from the ink cartridge 323 to

i .the absorber 324 is performed for example, by

detecting a res1dual amount of ink held 1n the absorber
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324 with use of an electric probe (not shown) or the
like and by turning ON a pump (not shown) if the
detected signal indicates a shortage of ink held by the
absorber 324.

An inner surface of the feed pipe 322 is rendered
hydrophilic like that in the first embodiment. As the
absorber 324 is used a negative pressure generating
member constituted by a PP fibrous absorber. In the PP
fibrous absorber, the surfaces oftits constituent
fibers are rendered hydrophilic, which hydrophilization
is preferably carried out on the basis of the same
principle (to be described 1ater) as that described in
the first embodiment.

In this embodiment, since the fiber surfaces in

" the PP fibrous absorber 324 are'rendered'hydrophilic

and are therefore high in wettability, ‘the ink

"absorbing speed of the fibrous absorber is high and 1nk
'_can be absorbed efficiently by’ the absorber 324. .

.'Besides, s1nce the flow re51stancecdur1ng 1nk movement :

is low in the fibrous absorber portlon, it is possible
to conduct ink to the ink Jet head 321 efficiently. f_"

Further, 51nce the inner surface of the feed tube

3"322 1s-rendered hydrophilio; ink can be conduoted
-efficiently through the feed tube 322 as is the case -

with the first embodiment.

 (Third Embodiment)

The third embodiment of the present invention will
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now ‘be described with reference to Figs. 5A and 5B.
Figs. 5A and 5B are schematic diagrams of an ink
cartridge as a constituent of a recording liquid feed
device according-to this embodiment, in which Fig. 5A
is a sectional view and Fig. 5B is a perspective View.
of a communicating portion 55 and thereabouts.

As shown in Figs. 5A and 5B, this ink cartridge is
provided with a liquid storage chamber 51 with ink

stored therein directly and an absorber containing

‘chamber 52 with an absorber 53 received therein which

absorber absorbs and holds ink. A partition wall 54 is

formed between the liquid storage chamber 51 and the

absorber containing-chamber 52, and the ligquid storage

.chamber 51 and the absorber containing chamber 52 are
.separated.from -each other except a communicating
portion 55 which is opened in a lower end of the
-t.partition wall 54 In the absorber containing chamber
.'52 are formed an atmosphere 1n1et port 56 for B
_ 1ntroducing the atmosphere and a. feed port 57 for ink
| feed._ On the absorber containing chamber 52 side of

'f_the~partition wall 55 are formed three gas-liquid

exchange grooves 58 which extend upward from the

'communicating portion 55.

"The absorber 53 is a negative pressure generating .

'member which generates a negative pressure with a
'capillary force of a porous or fibrous material

_ Simultaneously;with ink being absorbed into the
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absorber 53 from the liquid storage chamber 51 through
the communicating portion 55, air is conducted into the
liquid storage chamber 51 through the gas-liquid
exchange grooves 58. By a gas-liquid exchanging
operation, ink.is fed from the liquid storage chamber
51 into the absorber containing chamber 52. As a

result, the ink thus absorbed in the absorber 53

reaches a position near the upper ends of the

gas-liquid exchange grooves 58, with a gas-liquid

interface.59 being formed in the absorber 53 mhich

‘interface is a boundary between the ink absorbed

- portion'and the ink unabsorbed portions-_Since the ink

cartridge'being considered iS-provided'with the

: absorber 53, there accrues a merit such that 1nk can be
'fed from the feed port 57 under a substantially
3lconstant negative pressure condition. A negative*
”fpressure generating member containing a PP fibrous
ht:absorber is used as the absorber 53 in this embodiment
w'and PP is used as the material of the partition wall

I**this embodiment the partition wall 54 has a

_hydrophilized surface 60 on its side which is 1n._
'7icontact With the absorber 53._ It lS optional whether

'--_the formation area of the hydrophilized surface 60 1s -

{_h;the ab*orber containing chamber 52 side or is to cover

ffrom the 1ower portion of the partition wall 54 up to
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the upper ends of the gas-liquid exchange grooves 58.
It is preferable that the hydrophilization be carried
out on the basis of the same principle (to be described
later) as that shown in the first embodiment.

Since the hydrophilized surface 60 is thus formed
on the partition wall 54, ink is conducted to the
absorber 53 through the communicating portion 55, and
When the gas-liquid interface 59 reaches the upper ends

of the gas-liquid exchange grooves 58, part of the ink

‘held by the absorber 53 is conducted to the
'hydrophilized-surface 60-and is held thereon.

_ Consequently; even if a very'small.gap'is present

between the partition wall 54 and the absorber'53,.an
air path is difficult to be formed because the gap is

filled'with'ink 'Thus, when the gas—liQuidiinterface

.59 reaches the upper ends of the gas-liquid exchange

'grooves 58 the 1ntroductlon of air into the 1iquid

sttorage chamber 51 stops and so does the gas-llquld
;exchanging operatlon that is, the feed of ink from the
h.llquid storage chamber 51 to the absorber contalnlng .
'-ﬂchamber 52 stops._ In this way the gas—liquld 1nterface.:
"7;59 becomes stable near the upper ends of the gas—liquld::.'
.__'exchange grooves 58.u Therefore, it 1s possible to |
d-prevent the gas- lquld 1nterface 59 from ris1ng more_“
“than necessary or from reachlng the upper end of the.
‘absorber containing chamber 52 _which 1s caused by

-_formatlonnoﬁsan_alr_path between the.partition wall-54a';
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and the absorber 53 and which would iead to ink
leakage.

In the ink cartridge according to this embodiment,
as described above, since the contact surface of the
partition‘wall 54 with the absorber 53 is rendered
hydrophilic, it is possible to perform a stable
gas-liquid exchanging operation and feed ink stably.
Further, the gas-liquid exchanging operation can be

stabilized even if there is a slight gap between the

"partition wall 54 and the absorber~53§ therefore, it is

scarcely required to make management so as to prevent

the formation of such a gap and the insertion of the

. absorber 53 into the absorber_containing chamber 52; as

well as the management thereof, can be done easily,
thus permitting an efficient manufacture.
(Fourth Embodiment)

As shown in Fig. 6; an ink Jet head cartridge

'-containing a recording liquid container according to

(

'1th1s embodiment comprises an 1nk Jet head unit 160 ‘a.
d.holder 150 a negative pressure control chamber unit -

_=_100 containing ‘an absorber containing chamber 52 and

an 1nk tank unit 200 containing a 11qu1d storage

-chamber 51. The negative pressure control chamher unit B}

100 is fixed within the holder 150 and the 1nk Jet head:

'_unit 160 is fixed to the underside of the negative
pressure control chamber unit 100. The negative .

pressure control chamberaunit-ioéjis made,up'of a
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negative pressure control container 110 having an
opening formed in an upper surface thereof, a negative

pressure control chamber 1id 120 attached to the upper

- surface of the negative pressure control container 110,

and an absorber 53 for holding ink in an impregnated
state, the absorber 53 being inserted into the negative
pressure control container 110.

The ink tank unit 200 is constructed so as to be
removable from the holder 150. A joint pipe 180 as a

to-be-connected portion is formed in the negative

pressure control container 110 on the side facing the

ink tank unit_ZOO and is inserted and connected into a

joint port 230 of the ink tank unit 200. The negative
pressure control chamber unit 100 and the ink tank unit

200 are coristructed to that the ink present within the

'ink tank unit 200 is fed into the negative pressure

control chamber unit 100 through the connection between _

_fjthe JOint pipe 180 and the jOint port 230. ID members
'”*_'170 for preventing an erroneous mounting of the ink :

20

tank unit 200 are. integrally progected from the -

-negative pressure control container 110 on the side

facing the ink tank unit 200 and at higher pos1tions

-_than the joint pipe 180.

In the negative pressure control chamber 1id 120
is formed an atmosphere communication port 115 for

commnnication between the 1nterior of the negatlve

pressure control container 110 and the outSide air,
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here between the absorber 130 received within the
container 110 and the outside air. Within the negative
pressure control container 110 and in the vicinity'of
the.atmosphere communication port 115 are formed spaces
by ribs projecting from the negative pressure control
chamber 1id 120 on the side facing thefabsorber 53, as
well as a buffer_space 116 constituted by an ink
(liquid)-free area in the absorber.

‘Within the joint port 230 is disposed a valve

'mechanism,.which comprises a first valve frame 260a,.a
~second valve frame 260b, a valve body 261, a valve 1lid

262, and'an urging member 263; The valve body 261 is

supported.slidably within the second valve frame 260b

and is urged toward the first valve frame 260a by the

*_.urging member 263. _When the Joint pipe 180 is not__
__1nserted into the Joint port 230 ‘an edge of the first

“o_valve frame 260a-31de portion of the valve body 261 isi_

iﬁipushed by the first valve frame 260a by the urging L

s force of the urging member 263 whereby the interior of

When the joint pipe 180 is inserted into the Joint-'

.ﬁport 230 and the valve body 261 is pushed by the Joint

'gqpipe 180 and moves away from the first valve fame 260a |
) -:fthe 1nterior of the joint pipe 180 communicates w1th
25-lﬂ=the interior of the ink tank unit 200 through an
. i_iopening formed 1n a s1de face of the second valve frame..._'

";260b. As a result the 1nterior of the 1nk tank unit
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200 is released from the air-tight condition and the
ink present within the ink tank unit 200 passes through
the joint port 230 and the joint pipe 180 and is fed
into the negative pressure control chamher unit 100.
That is, by opening of the valve located within the
joint port 230, the interior of the ink containing
portion of the ink tank unit 200 in the air tight
condition assumes a state of.communication only through
the aforesaid_opening. | .. |

The ink tank unit 200 is composed of an ink
container_ZOI-and an ID member 250; The ID member is
for_pre#enting an erroneous monnting at the time of
joining the ink tank.unit'ZOO and the negative pressure
control chamber_unit 100 with each other. rThe iD |

membgf-zso is formed with thehfirst valve frame 260&,. .

and using the first valve frame 2608 there 1s formed a

'-ivalve mechanism for controlling the flow of ink within

| .ithe joint port 230. This Valve mechanism 1s brought

20

25

:i 1nto engagement With the joint pipe 180 in the negative:'
hpressure control chamber unit 100 to effect an opening '
-;and closing operation. In a front side of the ID
h'member 250 which side faces the negative pressure 5

' 'ﬁcontrol chamber unit 100 there are formed ID recesseS-

252 for preventing an. erroneous insertion of the ink

f:tank unit 200

The 1nk container 201 is a generally prismatic-

hollow contalner which has a negative pressure -
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generating function and which is composed of a housing
210 and an inner bag 220. The housing 210 and the
inner bag 220 can be separated from each other. The
inner bag 220 is flexible and can be deformed with
discharge of ink contained within the bag. The inner
bag 220 has a pinch-off portion (weld portion) 221,
whereby the inner bag 220 is supported in an engaged
form with the housing 210. Further, an outside air
communication port 222 is formed in the housing 210 in
the vicinity of the pinch—off portion 221 so that the
outside air can be introduced between the inner bag 220

and the housing 210 through the outside air

.communication port 222,

The-lD member 250 is joined to both housing 210 of
the ink container 201 and the inner bag 220 in this

case, the ID member 250 is JOined to the 1nner bag 220 -

~-pby welding between a sealing surface 102 of the inner -

bag at an ink outlet portion of the ink container 201

and the- corresponding surface of the ID member 250 at

the JOlnt port 230 portion, whereby the feed port

) portion of the 1nk container 201 is sealed completely,,

so that the leakage of ink from’ the sealed portion -

:'between the ID member 250 and the ink container Zﬂl_is'i'”

pprevented at the time of mountingfor;removal of-the ink.

tank unit 200

When the hous1ng 210 and the ID member 250 are tof

'-fbe 301ned together, ‘an engaging portion 210a formed on -
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an upper surface of the housing 210 and a click portion
250a formed at an upper portion of the ID member 250

are at least brought into engagement with each other,

. whereby the ID member is substantially fixed to the ink

container 201.

As to the ink jet head 160, recovery to the normal
state can be done by ejecting ink forcibly from an ink
ejection orifice closed with a cap or by sucking ink by

suction means 5010 in a closed state of the ink

- ejection orifice with a cap 5020.

" In the ink cartridge according to this embodiment,

as.described above, the liguid storage chamber 51 and

-the'absorber containing chamber 52 are provided

-separately from each other and both are in '_

.communlcatlon with each other through the 301nt pipe
'--160 through whlch plpe there is performed gas—liquld

n;fexchange.Qh-

The fOllOWlng descrlption is now prov1ded about

'h'the movement of ink between the 1nk tank unlt 200 and

“'the negatlve pressure control chamber un1t 100.

When the ink tank unit 200 and the negatlve'::

':*pressure control chamber unit 100 are j01ned together

'”as 1n Fig. 9A the 1nk present w1thin the 1nk contalner"'

:”-”’201 moves 1nto the negatlve pressure control chamber

25,

-'.-_unlt 100 until the mternal_ _pr_e_ss,ur_e-of the negative -
- pressure control chamber unit 100 and that of the ink .-

'”contaiﬂer}201~become équallto}eachfother as in'?ié;pQB_"
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(this state is designated an initial use state).

When the consumption of ink by the ink jet head
unit 160 is started, the ink present within the inner
bag 220 and the ink held in the absorber 53 are
consumed while taking balance in a direction in which
the values of static negative pressures generated from
both the interior of the inner bag 220 and the absorber
83 increase.

When the amount of ink present within the negative

pressure control chamber unit 100 decreases from the

state of Fig. 9C and the joint pipe comes into

communication with the atmosphere, gas is introduced

_ into-the inner bag 220 immediately and instead the ink

present within the inner bag 220 moves into the

negative pressure.chamber unit'loo.* Thus,'the absorber

',53 maintains a nearly constant negatlve pressure.

. against the discharge of ink while retaining the

'f_~gas—11qu1d 1nterface._ When all of the ink present

20

25

within the inner bag 220 has moved into the negative

pressure control chamber-unit-loo through such a

- gas-liquid exchange condition, the 1nk remaining within
| -_the negative pressure control chamber unlt 100 is

'-f;consumed..

In this embodlment -an 1nner surface of a. JOlnt

pipe 61 has been subjected to a hydrophilization
_ftreatment to form a hydrophilized surface 70 as in Fig.

'j7B;i It is preferable that the hydrophilization '
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treatment be performed on the basis of the same
principle (to be described later) as that referred to
in the first embodiment.

Thus, in the ink cartridge according to this
embodiment, since the inner surface of the joint pipe
61 is rendered hydrophilic, the ink held in the liquid
storage chamber 51 formed within the inner bag 220 of
the ink container 201 is conducted into the joint pipe
61 along .the hydrophilized surface 70'and hence can be
cbnducted“efficiently from the_liguid storage chamber
51 into the absorberVCOntaining chamber 52. Besides,
enen if the joint pipe 61_is someWhat inclined_upward

toward the absorber cOntaining chamber 52, it is

-possible to feed ink smoothly without causing ink

exhaustion.

_;: : In the ink cartridge according to this embodimenti

_there is performed gas-liquid:exc:ange in such a manner

“sorber containing

”,chamber 52 into the liquid storage chamber 51 through o
f the Joint pipe 61 simultaneously With the feed of ink
ffrom the liquid storage chamber 51 into the absorber
:containing chamber 52 through the JOint pipe 61 fih'
"Hithis connection if only a lower surface portion of the
.-301nt pipe 61 is rendered hydrophilic to. form ‘a T_. _
ufhydrophilized surface 71 as in Fig. 8A ink is passed
lgalong the lower portion of the joint pipe 61 while air.

:'1S passed along the upper portion of the joint pipe 61
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whereby it is made possible to effect a stabler
gas-liquid exchanging operation.

As shown in Fig. 8B, if the contact surface of the
absorber containing chamber 52 with the absorber 53 is
rendered hydrophilic on the side to which the joint
pipe 61 is connected, to form a hydrophilized surface
72, it is possible to prevent air from being conducted
to the joint pipe 61 through the gap between the inner
surface of the absorber containing chamber 52 and the
absorber 53, allowing the gas-liquid interface 59 to
become stable near the upper-end of the joint pipe'ﬁl;
Thus, it is possible to prevent thefga341iquid
interface 59 from rising more than necessary or from -

reaching the upper end of the absorber containing

chamber 52 which would cause ink leakage. Inlthis way
- the gas-liquid exchanging operationjCan_be'stabilized"'

. to ensure a stable feed of 1nk

Fig. 11D shows a state in which a whole area of

- the inner surface of the joint pipe 61 (an area
'covering both upper and lower hydrophilized surface
“25001 5002 in the sectional view), a surface 5003 of

_the inner wall of the absorber containing chamber |

-1ocated above the JOint pipe including gas—liquid

'exchange grooves (not. shown), and a surface 5004 of the-

_1nner wall of the absorber containing chamber located

below the JOint pipe are rendered hydrophilic. _.‘;

. For preventing the illustration from becoming
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complicated, the absorber contained in the absorber
containing chamber 52 is not shown.

Fig. 11E shows a modification of Fig. 11D, in
which four surfaces and a bottom surface of the inner

wall of the absorber containing chamber are rendered

'hydrophilic up to about the same height as the upper

end of the hydrophilized surface 503 shown in Fig. 11D,
in addition to the whole area of the inner surface of
the joint pipe 61.

In Fig. 11E, like Fig. 11D, the absorber contained

in the absorber containing chamber 52 is not showndfor

' preventing the illustration from becoming complicated.
Fig. 11F is a further modification of Fig. 11D, in
~which the whole area of one inner wa11 surface of. the
'absorber ‘containing chamber 52 where the opening of the .
_joint pipe 61 and gas-liquid exchange grooves (not
'_;'shown) -are formed is rendered hydrophilic in addition'
--fto the whole 1nner surface area of ‘the’ JOint pipe 61.
'Further, a hydrophilized surface 5005 extending toward'

the 1nk feed port 51 may be formed on the bottom 81de.'

Also in Figs. 11D and 11F the absorber contained

 in the absorber containing chamber 52 is not ‘shown for:

'aavoiding a complicated illustration._

As shown 1n F1g._11D since the hydrophilized

surface 5003 is formed on the inner surface of the

,tgoipt;pipe 61 which provides a communication_between

"theﬂiiquid_container and_the.absorber'containing
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chamber and on the inner wall surface portion
continuous to the joint pipe inner surface and
extending up to the position above the groove including
the gas-liquid exchanges grooves (not shown), even if a
very small gap is present between the absorber and the
inner wall surface portion positioned above the
gas-liquid exchange grooves, the gap is closed with ink

which has entered the absorber containing chamber from

the liquid storage-chamber 51 through the joint pipe

61, andithus there_is_no fear of careless formation of
an air path.

Besides, since the hydrophilized surface 5004 is

~ formed continuously to and below the inner surface of

the'joint pipe 61, even'if'a very small gap is present

-between the absorber and the 1ower inner wall surface

. portion 1t is not likely that the air which has moved

H'”fh down through the gas-liquid_exchange grooves will

';g25'fhphydrophilic, not only the same effect as in the example-

'i”.”of'Fig; 11D

'ﬂfifurther move along the inner wall surface together With'”"
S '}tfthe ink flowing toward the ink feed port 51 f£rom the e

.j01nt pipe 61 particularly when the ink is fed in’ a -

:”7;17:1arge flow ateo,th

'Fig.,llE shows a modification of Fig. 11D '

”Ewhich since both bottom surface and inner: wall S1de"

hf-faces surrounding the ink feed port 131 are rendered

;1s obtained but also in the ink path from :

'.the Joint__ipe 61 toward the ink feed port 51 within
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the absorber containing chamber the flow of ink near
the wall surface which substantially does not
contribute to the feed of ink can be made smooth, with
the result that it is possible to expect a decrease of
flow resistance.

Fig. 11F shows a modification in which a minimum
required area of hydrophilization is used for obtaining
the effect of Fig. 11E. In comparison with Fig. 11D or
11E, the whole area of one inner wall surface in the

absorber containing chamber is hydrophiiized in

-addition to the joint pipe inner surface, there accrues

an advantage that the amount of the hydrophilizing

solution to be adhered can be controlled more easily as

- compared with the example of Fig. 11D in which it is a

partial Surface portion that.is~treated7and the example

of Fig. 11E in which it is plural surfaces that are

1btreated.'

Figs. 11A to 110 show modifications of

' hydrophilization for the absorber contained in the .,
-absorber containing chamber 52 which modifications may

_be combined with Figs. 11D to 11F which are_

modifications of hydrophilizatlon for the absorber'

'containing chamber 52 described above to get a des1red

effect.; -

" More specifically, in F1g. 11A a whole area

:covering both upper absorber 130 and lower absorber 140

is a’ hydrophilization area, which absorbers are
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constituted by a polyolefin fibrous ink absorber as a
negative pressure generating member. In Fig. 11B, only
one absorber 130 is contained in the negative pressure
control container 110 and the whole area substantially
below a horizontal interface 113c is rendered
hydrophilic. In both examples, the interface 113c
between the absorbers 130 and 140 is positioned near
and above the joint pipe 180 at a posture assumed in
use. |

Fig. 11C shows an example in which only one
absorber 130 is contained within-the negative pressurer

control container 110 and the whole_area'substantially

below a horizontal interface 130c is rendered

hydrophilic. The interface 130c, which is'a

hydrophil1zation-nonhydrophilization interface is.

'pos1tioned near and above and the j01nt pipe 180 at a. :-d

posture assumed 1n use.:_d

The examples shown in Figs. 11A to llc can be

;_substituted as des1red for the negative pressure

_ _generating member (absorber) used in the above .

}hlembodiment. In Fig. 11A when the absorbers 130 and

':.140 as fibrous absorbers are viewed as a whole of a |

.hifibrous member the absorber 140 is 1ocated on the 1nk 'i )
5feed port side and the absorber 130 1S on the ' |
-atmosphere communication port s1de. It can- be regarded_:".

.,that a partial hydrophilization treatment is- applied to_

- the whole of the absorber 140._
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In all of Figs. 11A to 11C, since the
hydrophilized area is located on the feed port side for
the action of 80° or more in terms of a contact angle
of the polyolefin fibrous member relative to water, the
ink retaining property for a water-based ink and the
liquid level in negative pressure generation can be

made uniform at least within the absorber 140, so that

' the stabilization of a negative pressure can be

attained. At the same time, in the case where
hydrophilizatlon is performed with the foreg01ng
treating solution, it is easy to keep the 11quid level

'horizontalsduring-Suspension'or stop of ink jet

'recording while ensuring an excellent ink feedability

in a decreased flow resistance attained by a

'thdrophilic group.--Thus the ink retention and'

. distrlbution are made extremely uniform and therefore

'ﬂ“ionce. Partlcularly, in Fig. 11c the flbrous member'..
:f;ﬁcan be constltuted as a s1ngle member w1th consequent
”zoftﬂ'reductlon of cost as compared with ‘the use of two

j-ﬁ,members and there can be obtalned an effect based on a_f"

35'Lhydrophlllc—hydrophoblc interface although 1t may be

P

_{;1mpossible to attaln the same functlon as-the aforesaid.”'

”function based on the 1nterface between two members..

In Flg. 1lB the absorber 130 is also

_hydrophlllzed 1n which a satlsfactory ink absorblng

:effect-;s obtained;even agarnst-some_pressure-change
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while ensuring the interfacial effect between the
absorbers 130 and 140, so that the cause itself of ink
leakage can be solved fundamentally.

Since in all of Figs. 11A to 11C the ink receiving
surfaces for the ink fed through the joint pipe 61 are
rendered hydrophilic, not only the fed ink but also the
ink from the ink container connected removably to the
joint pipe can be surely dbsorbed. It goes without
saying that all of the above descriptions related to

gas-liquid exchange and fiber direction are applicable

. to all of Figs. 11A to licC.

The examples shown in Figs. 11A to 11F cover not

-only the effect of the embodiment illustrated in Figs.

7A and 7B but'also all of the effects attained by the

partial hydrophilizatiOn_according to the present

'invention._-

The mode shown in Fig._llE can be obtained easily

f*[by inserting the absorber containing chamber in’ the '

direction of arrow "a“ in the figure into a liquid

'reserv01r containing a treating solution, allow1ng it
Tito be dipped into the solution and subsequent drying
._as described above. Likew1se, the mode shoun in Fig.
-11F can be obtained by dipping the absorber containing

-_chamber in the same direction (arrow "B“ direction)

into.the 1iquid reserVOir. As to Fig. 11D the

i_inserting direction may be same ("B“ direction) as in

n;_=Fig. 11F but as to the unhydrophilized area, the area '
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may be masked before dipping into the treating
solution. Thus, in all of those modes, the interior of
the absorber containing chamber can be rendered
hydrophilic easily by such methods as mentioned above.
As shown in Fig. 10, an inner surface of a
connection port 62 of the liquid storage chamber 51
which is connected to the joint pipe 61 may be
subjected to a water repelling treatment to form a
water- repellent surface 73. By so doing, at the time
of replacing the liquid storage chamber 51_constituted
as a separate member from the absorber containing
chamber_SZ, it is possible to prevent ink from moving
into the connection port 62 of-the_liquid storage |
chamber 51. Even if a small amount of ink is conducted
from the liguid storage chamber 51 into the connection
port 62 it is possible to conduct the ink from the

connection port 62 into the Joint pipe 61 by performing

:_the replacing work slowly. That is, it is possible to
'prevent unnecessary ink from remaining in the L
-'connection port 62. Also as to the water—repelling

' treatment it is. preferable that the treatment be '

carried out on - the baSis of the same principle (to be

described later)-as that mentioned.in the first

~embod1ment.

A detailed description will be -given below about
the construction of the fifth embodiment which brings-h

about a further effect by performing a further
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hydrophilization in addition to the above
hydrophilization for the joint pipe or for the surface
of contact with the absorber on the side where the
joint pipe is connected.

(Fifth Embodiment)

As shown in Fig. 12, an absorber contained in a
absorber containing chamber of an ink jet head

cartridge 70 according to this embodiment is composed

of two absorbers 130 and 140. In the state of use of

* the ink jet head cartridge 70 the absorbers 130 and 140

are loaded into a negative pressure control container_
110 in a vertically stacked state at two stages and in
a mutually closely contacted state. A capillary force

generated by the lower absorber 140 is.higher than that

: generated by the upper absorber 130, that is, the lower

absorber 140 possesses a’ higher 1nk holding capacity.

_ Ink Wthh is present W1thin a negative pressure control.-t.
'chamber unit 100 is fed to an ink Jet head unit 160
Pthrough an 1nk feed tube 165.L

The absorber 130 is in communication with an

-atmosphere communication port 115 while the absorber
t140 ig in close contact at its upper surface with the
'_absorber 130 and at its lower surface with a filter ”
'-Jlﬁlf A boundary surface 113c between the absorbers 130
:fand 140 1s positioned higher than an upper end of a h
' djOint pipe 180 as a communicating portion at a posture__

 of the pipe in use.
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The absorbers 130 and 140 are each constituted by
entangled polyolefin fibers (e.g., biaxial fibers with
PE formed on PP skin layer). As the absorber 140 are
used hydrophilized fibers present in an area (oblique
lines' area in Fig. 12) from about a half in height of
an opening of the joint pipe 180 up to a feed port 131.

By setting the bpundary surface 113c between the
absorbers 130 and 140 at a position above, preferably
above and near (as in this embodimént), the joint pipe

180 at a posture of the pipe in use, the ink-gas

‘interface in the absorbers 130 and 140 can be set to

the boundary surface 113c¢ in a gas-liquid exchanging
operation which will be described later. As a result, .
it is possible to stabilize a static negative pressure

in the head portion during the feed of ink. Moreover,

by setting the capillary force of the absorber 140
_'relatively.higher:than'that of_the,absbfber-iSO,:if ink __'

"is present in both absorbers 130 and 140, it becomes

ﬁoéSible'to have'the"ink_présent in the uppér absorber

130 consumed first and the ink present in the lower

iabspiber 140 consumed.theteafterg ZIh.the_case_whére-'_' 
 the'gas¥1iquid-intérféce'véiies:due fd an_enyirqnmentél :
'-'éhange,.fifst the Sbsorber=;40 and the vicihifysof7the__
.béﬁﬁaa;j~surfaCE'113¢ bétWeen thé_absorbers.iSO and 140
are chafgéd with ink and thereafter-the ink aanans

__'ihtg the absorber 130.

-'-In‘the'polyoléfin-fibef ink'absérbers as négétiVe_
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pressure generating members constructed as above, at
least the ink feed area from the joint pipe 180 up to
the ink feed port 131 is subjected to a
hydrophilization treatment. Such a hydrophilized area
need not always be from about a half in height of the
opening of the joint pipe 180 to the bottom of the
negative pressure.control'container 110 formed with the
feed port 131, as indicated with oblique lines in Fig.

12, but it may cover obliquely from about a half in

'..height of the joint pipe opening on one side of the

negative pressure control container 110 up to a corner

of,the bottom of the same container formed with the

- feed port 131. Or a hydrophilized area may be present
. at as short a distance as possible so as to,describe an

arc from about a half in height'of'the opening to the

feed port 131. Or ‘the boundary line 113c between . the

'=ﬂjabs6fbéfs iso’ana-i40-may'be sét'to matoh*the'height
-Lfabout half of the opening of the j01nt pipe 180 and the'e

ﬂwhole of the absorber 140 may be rendered hydrophilic.

Such examples of’ hydrophilized areas are also

';sapplicable to the absorber in the 1iquid container -
'irdescribed above in the third and fourth embodiments.”
ti'illustrated in Flgs. 5A 53 6 7A to 7D 8A BB, 9A to
}'79D 10, ‘and llA ‘o 11F |

According to the above examples, even in the event'

;;1n gas-liquid exchange operation the liquid level of

'.;:fthe upper absorber 130 is disordered and lowers due to .
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a microscopic roughness-fineness difference in the
absorber, an outstanding lowering of liquid level in
the hydrophilized area (obliqueilines' area in the
figure) is prevented. To be more specific, air (e.g.,
arrow A in the figure) in gas-liquid exchange flows
from through the upper portion in the joint pipe 180
without breaking off the ink (arrow B in the figure)
flowing from the ink container, so that a stable
gas-liquid exchanging operation is effected.

Besides, since the vicinity of the ink feed port

_131 is rendered hydrophilic, ink tries to be present

always around the ink feed port so that ink shortage

is difficult to occur also in the ink feed port 131.

Further, upon replacement with a new ink container

201 the hydrophilized area of the absorber 140 induces

:'ink pos1tively, so that the recovery of the head by
._both cap 5020 and suction means 5010 can be done _
*frapidly,_beSides, the amount of ink necessary for the'”
':recovery of the head can be controlled in terms of the

size of the hydrophilized area.'

In the examples shown in Figs. 5A 5B 6 7A 7B

_:BA 88, 92 to 9D, 10 llA to 11F ‘and. 12 the height of
?_the hydrophilized area which is in contact with the
:.opening of the j01nt pipe 180 is not limited to the .
_1llustrated pos1tion but may be set to an optimum
_'height near the pipe opening which height permits the

'execution of a stable gas-liquid exchanging operation.'
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Particularly, when a positive suction of ink into the
absorber is considered, it is desirable for the
hydrophilized area be present within the pipe opening
to such an extent as does not obstruct the formation of
an air path in gas-liquid exchange.

In this embodiment, moreover, since the joint.pipe
inner surface and the absorber area below the upper end
of the joint pipe are rendered hydrophilic, not only
the feed of ink becomes smoother, but also the ink
present in the connection port is conducted more
positively into the joint pipe at the time of
replacement of the liquid containing chamber.

(Supplementary explanation-on the surface
modifying method)

.Reference will he'made’belOw to a desirable

element surface modifying method which is applied to '

__the hydrophilization treatment and water—repelling '

treatment in the present 1nvention.

According to the following surface modifying

'method by utilizing functional groups of molecules

contained in the material which constitutes an element

'surface a polymer (or fragmented products thereof) is o
: allowed to be specifically oriented and adhered onto

-'the element surface-and a-property_of.the-groups

contained'in the polymer (or fragmented prbducts

thereof) is imparted to the element surface thereby

_ﬂ:permitting a des1red surface modification."



10

- 15

20

.25

- 66 -

The word "element" as referred to herein means a
thing formed using any of various materials and
retaining a certain external form. . In association with
the external form it has an outer surface exposed to
the exterior. In its interior there may be present a
void or cavity portion including a portion
communicating with the exterior, or a hollow poxrtion.
An inner surface (inner wall surface) as a partition of
those portions may also be a partial surface to be
subjected to the surface modifying treatment according
to the present invention.. As the hollow portion is
inciuded one having an inner defining surface and being

a space completely isolated from the exterior. Before

- the modification treatment, the surface treating

solution may be applied into the hollow portion. .Thus;

| insofar as the hollow portion becomes isolated from the
‘exterior after the modification_treatment, it may be
'_zsubjected'to the treatment according'to the present

invention.

- Thus, the surface modifying method according:to

“the present invention is applied to a surface with

”_LWhlch the liquld surface treating solution from outSide-

can be brought into contact withOut impairing the

'“.element shape out of all the surfaceS'of the element

concerned. Either an Outer surface'of the element or

an inner surface connected thereto, or both are

nfregarded as the partial surfaces as referred to herein.
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Modifying the properties of partial surfaces selected

and subdivided from the element surface concerned is

also included in the present invention. The mode of
selecting an outer surface of an element and an inner
surface connected thereto is also included in the
modification of a desired partial surface area.

In the surface modification described above, a
portion (a partial surface) to be modified which
constitutes at least a part of surfaces of an element
is treated; that is, a part or the whole of an element
surface selected as desired is subjected to the
modification treatment;

By the expression "fragmentation of a polymer" as

. referred to herein is meant a_partial scissioning of a
".polymer'or is'meantta monOmer'as it is. When viewed
_from the standpoint of embodiments, it covers all of.
:?,lembodiments in which a polymer is cleaved with a
:f-cleavage catalyst such as an ac1d.. The “formation of a
stpolymer film" as referred to herein includes a |
?substantial film formation or different orientations of
ljvarious portions With respect to a two dimenSional

}surface._

The “polymer _as referred to herein indicates a

polymer having a first moiety containing a- functional
jgroup and a second mOiety haVing an interfaCial energy
fidifferent from an interfacial energy of the functional

'_group and almost equal to a surface energy of the



10

15

.e zoe

25

- 68 -

element to which the polymer is to be adhered. It is
preferred that the polymer be different from the
constituent material of thé element surface referred to
above. Therefore, according to the constituent
material of an element to be surface-modified, a
suitable polymer may be selected from among polymers
each having an interfacial energy almost equal to a
surface energy of the element surface. More
preferably, the polymer should be capable of being

cleaved and capable of being condensed after the

rcleavage. The'pQIYmer may have functional groups other

‘than in the first and second moieties, but. in this

case, w1th the hydrophilization treatment as an

'example, it is preferable that the hydrophilic groups

-as’ functional groups be relatively long—chained.w1th

-respect to the other functional groups Whlch are
haerelatively hydrophobic with respect to the hydrophilic B

7.ugroups.,g.f'

[Principle of the surface modificatlon]

The surface modification for an- element according

. to the present invention 1s effected by utiliz1ng a

blpolymer in which a main skeleton (a generic term for
'tbackbone and pendant groups as well as a: cluster of
°groups) having an interfacial energy almost equal to a

.,jsurface (1nterfacial) energy of the element surface

.'f' (base surface) and a group having an interfacial energy_

'different from the element surface (interfacial) energy
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.are bonded together, then by allowing the polymer to

adhere to the element surface with use of the main
skeleton portion, and by allowing a polymer film
(coating) to be formed in which the group having an
interfacial energy different from the interfacial
energy of the element surface is oriented outside with
respect to the element surface.

When viewed from a different standpoint, it can be
said that the polymer used as the surface modifier is a
polymer having a first group essentially different in
affinity from a group exposed to the element surface
before modification.and a_second'group which exhibits

affinity substantially similar to the group exposed to

the element surface and which is contained in a

repeating unit included in the main skeleton.-

It is Fig._13A and 138 that schematically shows a

typical example of such an orientation form. In the
'iexample shown in Fig. 13A there 1s used a polymer in's
'lwhich first groups 1 1 and second groups 1 2 are bonded,
- as pendant groups to a main chain 1-3. In the example
' shown in Fig. 133 second groups 1-2 constitute a main :

'_chain 1 3 and second groups 1- 2 constitute Side chains.

According to the orientation shown in Figs. 13A

'7and 13B on the outermost surface of a base 6 Whlch
'constitutes an element surface to be modified there are'
'oriented groups 1- 1 having .an 1nterfacial energy

_ different from a surface (1nterfacial) energy of the
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base 6, so that a property associated with the groups

1-1 is utilized to modify the element surface. The

- surface (interfacial) energy of the base 6 is

determined on the basis of groups 5. In connection
with the surface (interfacial) energy of the base 6,
surface-constituent material and molecules depend on
groups 5 exposed onto the surface. More specifically,
in the example shown in Fig. 13A and_13B, the first
groups 1-1 act as functional groups for surface
modification, and if the surface of the base 6 is.
hydrophobic and the first groups 1-1 are hydrophilic, a
hydrophilic nature is imparted to_the surface of the |

base 6. If the first groups 1-1 are hydrophilic and

~ the groups 5 on the base 6 are hydrophobic, then for

example in the case of utilizing a'polysiloxane which -

will be described later, it is presumed that such a

N *state as shown in Fig. 33 exists on the surface of the
'fibase 6. ' In th1s state by adjusting the balance

;between hydrophilic groups and hydrophobic groups on

the surface of the base 6 after modiflcation it 1s

' also made possible to control the state of passage or
:the flow rate during passage if water or an aqueous
_ 1iquid consisting principally of water passes through-g

. the surface of the base after.modification‘ Further,

by’disposing, say, a‘polyolefin fibrous member haVing'

such a modified surface as an outer wall surface into ..-

- an 1nk tank 1ntegra1 w1th or separate from the ink Jet
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recording head, it becomes possible to charge ink into
or feed ink from the ink_tank in an extremely effective
manner; besides, by ensuring a moderate negative
pressure within the ink tank it becomes possible to
ensure an appropriate ink interface (meniscus) position
in the vicinity of the ink ejection orifice in the |
recording head just after ink ejection. Consequently,
it becomes possible to afford a state that a positive
negative.pressure is higher than a dynamic negative
pressure, the said state being best suited to the
negative_pressure generating member which holds ink to
bé-fed_to the ink jet recording head.

Particularly, in the fiber surface structure shown

' in Fig. 33, the hydrOphilic groups 1-1, because of
'high-molecular groups, are longer than pendant methyl

.fgroups (hydrophobic groups) on the same Slde.

Therefore,“when ink flows, the hydrophilic groups 1-1

'":ftilt along the fiber surface relative to the ink flow-'

20

'velocity. (At the same time the hydrophilic groups i

come to substantially cover the methyl groups) As a

'result the flow resistance becomes considerably low.

:'Conversely, when the ink flow stops and a meniscus is
.':formed between fibers, the hydrophilic groups 1 1 are
._ioriented 1n a direction against the ink 1 e.,
'-perpendicularly to the fiber surface, so that (because- :

'of exposure of the methyl groups onto the fiber ”

';”surface) there is formed a hydrophilic (large) -IHV
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hydrophobic (small) balance on an intramolecular level
and a sufficient negative pressure can be formed.

Since many (at least plural) hydrophilic groups 1-1 are
contained in the polymer as in the previous embodiment
in which the hydrophilic groups 1-1 are constituted by
both many (-C-0-C-) bonds and OH groups as end groups,
the action of the-hydrophilic groups 1l-1 can be
ensured. .In the case where a hydrophobic group other
than'methyl group is contained in the polymer, it is
preferred that the'hydrOphilic groups be at a higher.

molecular level so that the existence range of. the

3hydrophilic groups is larger than that of the

hydrophobic groups. The foregoing hydrophilicity >

-hydrophobicity balance should be enSured.

"A static negative pressure in the ink feed port is

'represented by the follow1ng equation-

Static negative_pressure (height of an 1nk

nk'feed port)---(capillary force of c

_fibers at the ink'intﬁrface)

The capillary force is proportional to cos e if a

_-”wet contact angle between ink and the fibrous member is

3assumed to be e._ Thus; according to whether the_
erhydrophilization treatment of the invention is
"”,performed or not 1t becomes posszble to make .
:adjustment ‘80 that a static negative pressure of 1nk is
' set rather low, or rather high in: terms of an absolute

'ﬂvalue, 1f a change in Cos e of the ink is large..
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To be more specific, in the case of a 10° level
contact angle, an increase of the capillary force will
be 2% or so at most even if the hydrophilization
treatment is performed, but if the contact angle is
decreased to below 10° by the hydrophilization
treatment from a difficult-to-wet combination of ink
and fiber, say; the state of 50° in contact angle, a
50% increase of the capillary force is attained.

(cos 0°/cos 10° = 1.02, cos 10°/cos 50° = 1.5)

Now, in connection with a concrete method for
manufacturing_an'element having such a modified surface
as shown in Fig. 13A and 13B, a description will now be
given of a method using an improver-which is a good
solvent for the polymer used in the surface
modification and which improves the wettability of the
treating agent for the base as an*eiement to be

surface—modified.: According to this method a treating

'solution (a surface modifying solution), in which the

polymer as the surface modifier is dissolved

homogeneously, is- applied onto a surface of the base

_and then the polymer as the surface modifier contained

'1n the treating solution 1s oriented as described above |

while the solvent contained in the solution is removed.
More specifically, the method comprises the steps

of preparing a solution (a surface treating solution

;_preferably containing pure: water 1n the case of

ffunctional groups being hydrophilic groups) With



10

15

. 20

25

- 74 -

predetermined amounts of a polymer and a cleavage
catalyst mixed into a solvent which is a good solvent
for the polymer and which possesses sufficient
wettability for the surface of the base to be treated,
applying the surface treating solution onto the base
surface, and subsequent drying (say, in a 60°C oven) to
evaporate off the solvent from the treating solution.
The use of an organic solvent which exhibits
sufficient wettability for the surface of the base and
which dissolves the polymer as the surface modifier is
desirable from the standpoint of facilitating a uniform

application of the polymer._ Such an organic solvent is

~ also effective in keeping the polymer dispersed

uniformly and dissolved satisfactorily in the applied

liquid layer when the polymer becomes higher in its

' concentration with evaporation of the solvent

Bes1des since the surface treating solution is

' sufficiently wettable for the hase surface, the polymer"

as the surface modifier can be spread uniformly onto

the base surface, w1th the result that a uniform R

l. polymer coating can be formed even on a surface having |

‘a- complicated shape.

In the surface treating solution there may be :_h
contained in . addition to the first solvent Which is

volatile and wettable for the base surface and which 1s

a good solvent for the polymer, a second solvent which

is a good solvent for the polymer and which however
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is relatively inferior in wettability for the base
surface and is relatively less volatile in comparison
with the first solvent. As such an example, mention
may be made of a combined use of isopropyl alcohol and
water as will be described later in the case of using a
polyolefin resin as the material of the base surface
and a polyoxyalkylene-polydimethylsiloxane as the
polymer.

It is presumed that the addition of an acid as a

'cleavageacatalyst into the surface treating solution

will bring about the'following effects. For example,
upon 1ncrease in concentration of an acid component
with material evaporation in the course of evaporation
and drying of the surface treating solution, the acid
Of a high'concentration involving heat causes a partial

decompos1tion (cleavage) for the polymer used for

surface modification to afford fragmented products of
| 'the polymer,.thus making polymer orientation to finer

'”portions of the base surface possible._.Moreover, in:

the final-stage of drying and evaporation the-formation

o of a polymer film (polymer coating or monomolecular

film) 1s accelerated through re—combination of. cleaved

y moieties of the polymer 1nto the surface—modifying _

'-yipolymer.

";-25'

Further, when the concentration of . the acid -

'3component increases w1th solvent evaporation in the

T:ﬂcourse of drying and evaporation of the surface;f_'
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treating solution, this highly concentrated acid
eliminates impurities present on and near the base
surface, whereby a base surface cleaning effect can be
expected. On such a clean surface it is also expected
that a physical adhesion between the base material
molecules and the polymer as the surface modifier will
be improved.

In this connection, the base surface is decomposed
by the highly concentrated_acid'invclving heat and
there appear active points on the same surface, so that
there may occur.a secondary'chemical reaction in_which f
the active pcints and_the above fragmented prcducts of
the polymer are joined together. As the case-may be,

the adhesion stability of the Surface modifier on the

-surface may be 1mproved by such a .secondary chemical

- adsorption of the surface modifier and. the base.

Next, with - reference to FlgS.:14 15 16A 165 17_

fto 20 and with the case where the functional group is a

- hydrophilic group and a hydrophilic nature is - imparted

to. a hydrophobic base surface as an example a

description will be directed to a. polymer film forming

3prccess by both cleavage of a main skeleton of the

'surface modifier (containing a hydrcphilic treating

solution) having a surface energy almost equal to a

;fragmented products on the base surface.- The |

hydrophilic group 1ndicates a group having a structure
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capable of imparting a hydrophilic nature as the entire
group. Not only a hydrophilic group itself but also

even a group having a hydrophobic chain or group is

. included if substituted with a hydrophilic group to

afford a group capable imparting a hydrophilic nature.
Fig. 14 is an enlarged diagram after the
application of a hydrophilizing solution 8. At this
time, hydrophilizing polymer moieties Pl to P4 and acid
moieties 7 contained in the solution 8 are dissolved
homogeneously in the solution on the surface of the
base 6. Fig. 15 is au enlarged diagram of a drying

process after the application of the treating solution.

In this drying process involving heating, the

concentration of the acid component increases with

evaporation of the solvent .with consequent elimination '

_'of impurities present on and near the surface of the

base 6 and a pure base surface 1S formed by the base

surface cleaning action, whereby a physical

'adsorptiv1ty of the base 6 and that of the surface

modifying polymers Pl to P4 are improved. In-th1S'
drylng process, moreover the hydrophiliZing polymer

m01et1es Pl to P4 are partially cleaved by an 1ncrease

in concentration of the acid component which is

_attributable to solvent evaporation.

Figs. 16A and lﬁB schematically show in what

'lfmanner the polymer moiety P1 is decomposed by the

: concentrated acid and Fig. 17 shows in what manner the '
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thus-decomposed hydrophilizing agent is adsorbed on the
base. As the solvent evaporation proceeds, main
skeleton portions of fragmented products Pla to P4b
from the polymer as a constituent of the hydrophilizing
agent which has reached a dissolving saturation, having
a surface energy substantially equal to that of the
base, adhere selectively onto the surface of the base 6
which is now a pure surface obtained by Washing.' As a
result, groups 1l-1 contained in the surface modifier
and having a surface energy different from that of the
base 6 are oriented outside with respect to the base 6.
Thus, the main skeleton portions having an
interfacial energy almost equal to that of.the_Surface
of the base 6 are oriented on the base surface and the
groups 1l-1 having a surface energy.different.from that'

of the base 6 are: oriented outSide oppos1te to the base

;'surface- so that a hydrophilic nature is imparted to
-.-the surface of the base 6 if the groups 1~ 1 are -

_hydrophilic groups, and thus the_base surface is .

modified. Fig. 18 schematically illustrates an

-.adsorbed state of the hydrophiliz1ng agent and the base

surface after the application of the hydrophilizing
solution and subsequent drying..--

By u51ng as the polymer, for'eXample,'a polymer_ ;
such as polys110xane in which fragmented products from

the polymer ‘can be bonded at 1east partially by

".“condensation, it 1s possible to allow a 1inkage to be
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formed between fragmented products adsorbed on the
surface of the base 6, to afford a polymeric state, and
hence possible to make the film of the hydrophilizing
agent stronger. Fig. 19 schematicaliy illustrates a
recombined state by such a condensation reaction. The
formation of fragmented products using polysiloxane and
the condensation thereof into the polymer are effected
in the following mechanism.

With controlled drying of the surface treating
solution on the surface to be treated, the
concentration of.the dilute acid_contained in the
surface treating agent increases.and_the
thus-concentrated.acid (e.g., IQSO4).causes'the siloxane ,
bond in the polySiloxane to be cleaved resulting in
formation of fragmented products of the poly51loxane

and s1lylsu1fur1c acld (Scheme 1) ~ As the treating

solutlon present on the surface to be treated is .

| .further drled the concentratlon of the fragmented

products contalned in the treating solutlon also

1ncreases w1th consequent lmprovement in. the contact

'probability between fragmented products. As a result
":as shown in- Scheme 2 below fragmented products are .
_.condensed w1th each other to reproduce the s110xane o

"7'bond Also as’ to the srlylsulfuric acid as a

-_ghydrophoblc methyl groups of the silylsulfurlc acld

'Fbe~treated surface whlle T
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sulfone groups are oriented in a direction different
from the to-be-treated surface. Thus, it is presumed
that the silylsulfuric acid will make some contribution

to the hydrophilization of the surface to be treated.

[General formula 2]

Scheme 1 °

s

CH 3 CH 3 (‘:H 3 Heat
CHs—Sx—O—Sl—0~§ifCHs + Hz2S04
CHa R CHs
_ . l

CHs CHs - " CHas

_ |
CHa-S i —-O-S i --OH o HSOr'-lS i—~CHj"
-Cﬂis R _ - CHa
Fragmented products _ Silyleulfuric-aoid'

"of poly51loxane

Hs 2|HSO«§i1-CHs [
: R CH3 ST T Cﬁ{s
Fragmented products Fragmented products Silylsulfurlc acid

%of polysiloxane ;1 of polysiloxane

l, (Dehydrocondensatlon)
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Fig. 20 schematically shows an example of a state
of a surface treating solution having a composition
with water present in a solvent. If water is present
in the solvent of the treating solution, both water and
a volatile organic solvent evaporates in the course of
solvent evaporation from the hydrophilizing solution
under heating (gas molecules of water and of the
organic solvent are indicated at 11 and 10,
respectively). In this case, since the evaporating
speed of the volatile organic solvent is higher than
that of water, the concentration of water in the
treating solution increases, with consequent increase
in surface tension of the treating solution. As a

result, there occurs a difference in surface energy at

-the interfaCe between the to—be-treated surface of the
base 6 and the treatlng solutlon _and portlons of the
_fragmented products P1a~P4b from the hydrophlllzlng

_polymer whlch portlons have a surface energy almost

equal to that of the to—be-treated surface of the base

w6, are - orlented on the base surface side at the '

1nterface between the base surface and the treatlng
solutlon (a hydrous layer 12) w1th an enhanced water o
concentratlon by evaporatlon._ On the other hand the

hydrophlllc group-contalning portlons of the fragmented_.

-products from the polymer are orlented on the hydrous

tflayer 12 side where the water concentratlon has been

'enhanced by evaporatlon of the organlc solvent.:-As.a '



10

15

.20

25

- 82 -

result, it is presumed that a predetermined
orientability of the polymer fragmented products will
be further improved.

The present invention is concerned with such
structures as tube, pipe and filter in a liquid feed
path used for a liquid ejection head and is also
concerned with a fibrous absorber for ink jet which

holds ink by a negative pressure. Particularly,

-according to the present invention, a hydrophilization

treatment is applied to their inner surfaces. In the
element surface modifying method according to the
present invention described above, the element to be
surface-modified is not limited to fibers, but various_

other elements and uses are mentioned according to

-characteristics and types of polymer functional groups.

- Reference will be made below to several examples.

{1) In case of the functional group being a

-hydrophilic group._'

An element to-be'treated 'is one which rSQUires'

“absorbability such as an ink absorber used 1n an ink ﬁ
" Jet system (the fore901ng embodiments are applicable to_

: the case where olefin fibers are 1nc1uded).' By the

surface modifying method according to the present

t;invention 1t is poss1b1e to 1mpart such a hydrophilic

nature as’ permits instantaneous absorption of ink

- (e. g., such a water-based 1nk as referred to in the

- above embodiments) to”the element to be
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surface-modified. The surface modifying method in
question is also effective in the case where a liquid
retaining property is required.

(2) In case of the functional group being a
lipophilic group:

By the surface modifying method according to the
present invention, even for an element requiring a
lipophilic nature it is possible to meet the
requirement effectively.

(3) All of other applications of the surface

modification are covered if they can be attained using

‘the mechanism of the above principle.

Particularly,'if there is used a treating agent
containing a wettability improver (e.g., 1sopropyl

alcohol (IPA)) capable of improv1ng wettability for an

'_felement surface and capable of 1mproving wettability
-;'which permits dissolving of a polymer a medium for -:.
.linducing polymer cleavage, and. a polymer containing any
'of the foregoing functional groups and a group (or a
.cluster of groups) having an 1nterfac1a1 energy
';different from that of the functional group and almost '
i;equal to a partial surface energy of the element o
3surface there can be attained a particularly excellent
:Aisurface modification effect by condensation after the

=_cleavage.. It is poss1b1e to ensure such uniformity and'

"'-u='character1stics as have heretofore been unattainable.

The property superior in wettability for the
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contained liquid is herein designated "lyophilic
nature."

Reference will now be made to a supplemental
concept of the present invention. A neutralizer (e.g.,
calcium stearate or hydrotalcite) used in molding or
forming fibers_and other additives are sometimes
contained in the fibers, but according to the surface
modifying method described above it is possible to
diminish dissolving or precipitation of such -
neutralizer and other additives in ink and this problem
canube solved if the.polymer-film defined in the
invention is-formed. Thus, according to the surface
modifying}method_described’above, not'only the
appliCation range of'neutralizer and other additives

can be expanded and it is p0331ble to ‘prevent a change

in characteristics of ink itself “but also a change in

3-'characteristics of the 1nk jet head itself can be

An example of a process chart in the manufacture

- of" these various products is shown in Fig; 32. At the i'

f.beginning_of manufftture (Sl) both element and treating_

.lsolution are prov1ded then there are carried out a -

"t~p.treating solution application step of " applying a -

"*_ftreating solution to a surface (a to—be—modified

25 -

_surface) of the element (32), a surplus portion removal
: dstep of remov;ng a surplus portion from the surface to

'be modified (83), a treating solution concentrating and
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evaporation step for the cleavage of a polymer and
orientation of fragmentedlproducts on the surface to be
modified (S4), and a polymer condensation step for
bonding between fragmented products into the polymer
(S5). Through these steps there can be obtained an
element having a modified surface (S6).

The treating solution concentrating step and the
treating solution evaporation step (S4, S5) can be
carried out by a continuous heat-drying step preferably
at a temperature (say, 60°C) higher than room'

temperature and below the boiling point. For example,

‘the drying treatment time may be about 45 minutes to 2

hours in case of using a poljsiloxane having a
hydrophilic group for modifying a polyolefin resin
surface together.with water, an acid, and an organic

solvent (say; isOpropyl ‘alcohol), and may be 2 hours or

80 in the use of a 40 wt$% aqueous isopropyl alcohol

solution. The drying treatment time can be shortened
by decreasing the’ water content.. |

Although in the example shown in Fig. 32

'fragmented products of the polymer are formed on the

'to-be-modified surface of the element a treating

solution already containing such fragmented products_

may be fed onto the to-be-modified surface of the

_element and orientation may be allowed to take place.

For example, as noted earlier the treating

: solution employable in the 1nvention contains a
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wettability improver for improving the wettability of
the treating solution for the surface to be modified,
the wettability improver possessing wettability for the
surface to be modified and being a good solvent for a
polymer which is an effective surface modifying
component, a solvent, a polymer cleaving catalyst, and.
the polymer containing a functional group for imparting
a modifying effect to.the surface to be modified and
also containing a group for adhesion to the surface to
be modified.

[Principle Application Examplell]

Description is now directed to an example in which
the above principle of surface hydrophilization is
applied to a polypropylene-polyethylene-fibrous member.
For example, an actual polypropylene-polyethYlene
fibrous member is in a lumpy shape of combined fibers
which shape permits the fibrous member to be used as anf
ink absorber for holding ink.. For_example,:as shown:in-

Fig. 21a, a fibrous member*23'which functions as'an

' absorbing and holding member for various liquids

including 1nk ‘is received at a predetermined

-orientation into a container 21 of a suitable shape

'havipg.an opening 25 which is open tO'the.atmosphere,

and thus the fibrous member can be used as a liquid

holding container. Further, such an ink'absorber is

_suitably employable w1thin an ink tank used in an 1nk

Jet recording apparatus. Particularly, as w1ll be
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described later with reference to Figs. 23A to 23F and
24A to 24F, if after the fibrous absorber impregnated
with a hydrophilic treating solution has been depressed
to squeeze out a surplus treating solution from fiber

gaps, followed by heat~drying, the fibrous absorber is

received within a tank, it is desirable that the

treating solution squeezing-out direction and the

fibrous absorber compressing direction when inserted

into the tank be aligned with each other. That is, for
example even if fiber branching or”hydrophilizing,agent
adhesion is not ensured when the fibrous absorber has

been restored to its'original state from the compressed'

‘state in the treating solution squeezing work, such an
'inGOnvenience'can be offset at the time of insertion of

.the fibrous absorber into the tank

o The fibrous absorber is constituted by a biaXial

'fibrous member of polypropylene and polyethylene, in.

. ;which indiVidual fibers are approx1mately 60 mm long.

:'rf;fThis biaxial fibrous member as. illustrated its

20

25

ysectional shape in Fig._22A has a generally circular_
'h_(closed ring—like) external form (outer periphery
f'"shape) in a. section thereof perpendicular to the axis
len which polypropylene fibers relatively high in
'5melting point are used as a core 23b- and polyethylene
igfibers relatively low in melting point are disposed as-'.
'la sheath 23a around the core.' Short fibers of. such a

3”_-sectional structure are aligned their arranged
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direction by means of a carding machine and then heated
to induce fusion-~bonding between adjacent fibers. To
be more specific, heating is conducted to a temperature
higher than the melting point of polyethylene as the
sheath 23a and lower than the melting point of
polypropylene as the core 23b to afford a structure in
which polyethylene fibers are fusion-bonded together at
each contacted portion of fibers.

In the above fibrous structure, as shown in Fig.
21C, since the fibers are aligned by the carding

machine, the'fiberszare continuously arranged mainly in

- a longitudinal direction (F1) and are partially

contacted with each other. Heating induces

'fusionébonding_of.adjacent'fibers at each of such-

‘contact points (intersecting'pointS) to form a net

structurej_ This net structure affords a mechanical

dsfelasticity in a direction (F2) orthogonal to the

(F1).- Accordingly,_a tensile |

g “strength in the 1ongitudinal direction (Fl) shown in

_Fig. 21B increases whereas a tensile strength in the

perpendicular direction (F2) is poor but a restoring

::fforce is ensured against a depressed deformation.

- A 1ook at this fibrous structure 1n more detail

o shows that as 111ustrated in Fig. 21C 1nd1v1dual :
'25"l fibers are crimped and that a complicated net structure :
ﬁ'is formed and fusion-bonding occurs between adJacent

inbers.- Part of the crimped fibers face in the
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perpendicular direction (F2) to complete a
three-dimensional fusion-bonding. The fibrous
structure used actually in this example was formed as
sliver using a tow of biaxial fibers in which
polypropylene fibers as a core having a melting point
of about 180°C was coated nearly concentrically with
polyethylene fibers having a melting point of about
132°C, as shown in Fig. 22A. In the fibrous structure
thus used, there exists a main fiber arranged direction
(Fl), so if the fibrous structure is dipped in liquid,
the interior fluidity and hoidability in a stationary
state are distinctly'different between the fiber
arranged direction (Fl1) and the direction.(FZ)'
perpendicular thefeto.

Since in this'example the element to be

_surface—modified is the fibrous struCture'whOSefliquid_

-holdabilityhis higher-than ‘that of an element having

flat surfaces there was used a treatlng solutlon of

' the follow1ng composit10n°'
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[Table 2]

Table 2 Composition of a fibrous member hydrophilizing

solution
Component ' Composition
(wtd)
(Polyoxyalkylene)~-poly(dimethylsiloxane) 0.40
Sulfuric acid | 0.05
Isopropyl alcohol | 99.55

(1) Hydrophilizing method for a PP-PE fibrous
absorber | |

A polypropylene-polyethylene fibrous absorber 24
of the structure shown in Fig. 23a was dipped in a
hydrophilizing solution 28 of the above composition
(Fig. 23B). At this time, .the treating solution is
held in gaps of the fibrous absorber. Thereafter the

fibrous absorber was depressed (Fig. 230) to remove a

o surplus portion of the treating solution 28 held 1n :

';gaps ‘of fibers 23A. When the fibrous absorber 24 1sl
.'taken out from holding jigs 27 such as W1re nets, 1t
_reverts to 1ts original shape (Fig._24A) with a 1iqu1d.
. layer 28A formed on fiber surfaces. The fibrous_
'absorber w1th wet fiber surfaces was dr1ed 1n a 60 C
‘oven 29 for 1 hour (F1g._24B) ' In this way it is

'pOSSlble to obtain a fibrous absorber 24 with a

hydrophilized 1ayer 28B formed on surfaces of the

' fibers 23A. - Figs. 23D to 23F are partially enlarged

h views of Figs. 23A to 23C respectively, and Figs. 24D '
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to 24F are partially enlarged views of Figs. 24A to
24D, respectively.
(Comparative Example 1 and Reference Example 1)
As Comparative Example 1, the same operations as
in the method described above in connection with Figs.
23A to 23F and 24A to. 24F were performed also with
respect to the fibrous member hydrophilizing solution

containing only sulfuric acid and isopropyl alcohol,

which solution corresponds to the solution shown in

Table 2 exclusive of
(polyoxyalkylene)-poly(dimethylsilokane) Further an
untreated PP-PE fibrous absorber was used as Reference

Example 1

In the above Principle Application Example 1, the

amount of the hydrophilizing solution applied to the
”whole of the PP-PE fibrous absorber by the above
'.-application method is 0 3 to 0.5 g relative to 0 5 g of .

" the fibrous absorber. Also in Comparative Example 1

the amount of the solution applied is the same as 1n
the Principle Application Example 1.

The fibrous absorbers thus treated weére then

" checked for surface-treated conditions in the follow1ng-

'manner the results of which are as set forth below.

(1) Hydrophilicity evaluating method for PP-PE

fibrous absorber
ﬂ'a) Pure water dropping evaluation using a squirt

Us1ng a squirt pure water was dropped 1nto eaoh
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of the PP-PE fibrous absorber having been subjected to
the treatment described in Principle Application
Example 1, the PP-PE fibrous absorber of Comparative
Example 1, and the untreated PP-PE fibrous absorber of
Reference Example 1, and the degree of pure water
permeation was observed.

b) Evaluation of pure water permeation

A container of a sufficient size for each PP-PE

_fibrous absorber was filled with pure water, then the

PP-PE fibrous absorber of Principle Application Example

1, the-PPaPE fibrous absorber of Comparative Example 1,
and the untreated PP;PE fibrous absorber of Reference
Example 1 wereteach put.siowlj into the container and
checked for the degree_of-purelwater permeation.

(2)-Resu1ts bf'the hYdrophiiicity'ewaluation on

PP-PE fibrou's -'absorb'ers

"a) Results of the pure water dropping evaluation

."dusing a squirt :ff7v

When pure water was dropped from above to the

PP~ PE fibrous absorber of Principle Application Example

"-;dl by means of a squirt the pure water soaked 1nto the

25'

: fibrous absorber in an instant._

In contrast therewith when pure water was dropped_

a'from above to each of the PP—PE fibrous absorber of

Comparative Example 1 and the untreated PP-PE fibrous

{absorber of Reference Example 1 the pure water did not_.

soak 1nto the PP PE fibrous absorbers at all, but
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formed spherical liquid droplets in a repulsive
relation to the fibrous absorbers.
b) Results of the pure water dipping evaluation

When the PP-PE fibrous absorber of Principle

'Application Example 1 was put slowly into the container

filled with pure water, it sank into the water slowly.
This at least indicates that the surface of the PP-PE
fibrous absorber having been treated by the method
described above in connection with Figs. 23A to 23F and
24A to 24F possesses a hydrophilicinature;

On the other hand, when the PP-PE fibrous absorber

of Comparative Example 1 and the. untreated PP-PE

fibrous absorber of Reference Example 1 were put slowly

into the pure water-filled container, both fibrous
absorbers completely floated on the pureuwater;_iEven-

after the lapse of time both fibrous absorbers:did.not'

' fabsorb water, thus clearing proVing that they are

- water-repellent.

From the above results it is seen that even in the

case of a PP-PE fibrous absorber, 1f a treating

_ solution containing a polyalkylsiloxane hav1ng a

polyalkylene oxide chain an a01d and an alcohol 1s

_-applled to the PP PE fibrous absorber and then drled

_ there is. formed such a coating of the polyalkylsiloxane

as shown in Fig. 24c and that therefore the surface

hydrophilization treatment is carried out effectlvely._

ifAs a result the PP-PE fibrous absorber treated ‘as -

e
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above according to the present invention was found to
fully function as an ink absorber even for a
water-based ink.

For the purpose of confirming the above results,
in other words, for making sure that the
polyalkylsiloxane having a polyalkylene oxide chain
adheres to the surfaces of PP-PE fibers and forms a
polymer coating in the surface modification according

to the present invention, there was made observation

- using SEM photographs of the fiber surfaces.

Figs. 25, 26 and 27 are enlarged SEM photographs
showing surfaces of the untreated PP-PE fibers (fibrous
absorber) of Reference Example 1. .Fig. 28 is an
enlarged SEM photograph showing surfaces of
acid-treated PP-PE fibers (a PP-PE fibrous absorber

treated with only acid and alcohol) of Comparatlve_

_ Example 4.

Flgs. 29 30 and 31 are enlarged SEM photographs

shOW1ng surfaces of the treated PP-PE fibers

.(hydrophlllzed PP~ PE flbrous absorber) descrlbed above:

- in connectlon with Figs. 23A to 23F and 24A to 24F

First in ‘all of the enlarged SEM photographs of

PP-PE flber surfaces it is 1mp0331ble to observe any

clear structural change con31dered attributable to the
adhesion of an organic matter onto the fiber surfaces;

Actually, even if a magnified'(ZOOOX) photograph ofpthe.

‘untreated PP-PE fibers in Fig. 27 and that of the
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hydrophilized PP-PE fibers in Fig. 31 are compared with
each other, no difference between the two is recognized
in SEM observation of both fiber surfaces. Thus, it is
presumed that the
(polyoxyalkylene)—poly(dimethylsiloxane) in the
hydrophilised PP-PE fibers is adhered uniformly as a
thin film, which is presumed to be a monomolecular
film, onto the fiber surfaces and that therefore it is

morphologically impossible to make distinction from the

original fiber surfaces and with no difference

‘recognized in SEM observation.

- On the other hand, reference to the SEM photograph
of Fig. 28 showing PP-PE fibers treated with acid and
alcohol alone shows that there occur many intersecting
points_(fusionébonded portions) of fibers were broken

ana sonething like nodes are found in the fibers. This

'change indicates that the deterioration of PE PP

flmolecules especially PE molecules on the skin 1ayer

of the fiber surfaces was induced and accelerated with

‘a highly concentrated acid by solvent evaporation and

';by the drying heat 1tse1f in the heat-drying process.._“”

On the other hand in the hydrophllization

t_-treatment using the hydrophiliz1ng solution of

'“__.Principle Application Example 1, such breakage of fiber

25

_connections and presence of node—like portions in
' fibers as observed in the PP-PE fibers treated with

E cid and alcohol alone are not recognized despite the
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same concentration of acid is contained therein and
despite the same heat-drying was applied thereto. This
fact indicates that the deterioration of PE molecules
on the fiber surfaces was suppressed by the
hydrophilization treatment of Principle Application
Example 1. This is presumed to be because even in the
event of breakage of PE molecules on the fiber surfaces
under the action of acid and formation of radicals in

the molecules, some substance and structure capture the

'radicals and_prevent:the radicals from destroying PE

molecules in a series manner‘f The surface-adhered
(polyoxyalkylene)—poly(dimethylsiloxane) also
participates in the capture of radicals, and a chemical

bond to the PE surface is formed in a capturing form

'for the radicals formed. Thus, there is no denying

such a secondary phenomenon and effect as suppre531ng

the destruction of PE/PP molecules by radical chain.

Taking allf £ ”egabove pOints into account it is;

"fpresumed that the modification of fiber surfaces has

been attained by the formation of a uniform thin film

of (polyoxylakylene)-poly(dimethy151loxane) on the
tlfiber surfaces. In that process there also can be
’:.expected a cleaning effect for the fiber surfaces by

”h=both acid and solvent contained 1n the solution used

for hydrophilization and the action of accelerating a

fpphysical adsorption of the polyalkylene ox1de chain is :

| also expected. In addition there also may be not a
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small possibility of a chemical linkage of the
plyalkylene oxide chain with the broken portions of PE
molecules caused by highly'concentrated acid and heat.

Further, in Principle Application Example 1 it is
shown that a polymer film can be formed easily even on
fiber surfaces formed by curved surfaces, as shown
schematically in Fig. 24C for example. Since the
surface peripheral portion (a closed ring-1like portion
as a sectional outer periphery shape) is covered

annularly with a polymer coating, the polymer coating

can-prevent easy separation of the surface-modified

portion from the element.

ln biaxial fibers there sometimes is found such a

case as shown in Fig. ZZB in which a nuclear portion

.(core) 23b is eccentric and exposed partially to an.
'outer wall surface and thus the exposed surface of the
-nuclear portion and the surface of the skin layer o
-(sheath) 23a are nixed together.; Even in such a case
?hydrophilic nature can be 1mparted to both the exposed -
nuclear portion and the skin layer surface by applying _'
.:thereto the surface modifying method according to the
-i'present 1nvention. In case of merely applying and '
_drying a surfactant hav1ng a hydrophiliz1ng function

_there partially is obtained an initial hydrophilicity,-'

_the surfactant will soon dissolve out 1nto water, w1th

Z:loss of hydrophilicity. 3

s
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[Principle Application Examples 2 and 3]

The following description is now provided about an

example in which the above principle of surface

hydrophilization is applied to a PP fibrous member. As

the PP fibrous member there was used a lump of 2 denier

dia. fibers formed in a rectangular parallelepiped

shape of 2 cm x 2 cm x 3 cm.

First, there were prepared hydrophilizing

solutions of the following two compositions:

[Table 3]

Table 3 Composition of a hydrophilizing solution

Component.

Composition

| (wt%)
(Polyoxyalkylene)-poly(dimethy131loxane) ::0.1 -
| Sulfurlc acid | _O.QlZS' _
Isopropyl alcohol. 99,887§l'“

[Table 4]

Table 4 Compositlon of a hydrophllizing solution L

} Coﬁpbneﬁf_’

1 'co'mpdsi'tibﬁ )

(PoIYOkya”fflene)—poly(d1methyls1loxane) '0 lwff:::lﬂ

"Sulfuric acld

1’fﬁj4o o'

In the second composition (Prlnciple Application

o Example 3), predetermlned amounts of 1sopropyl alcohol
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and pure water are added in this order to afford the
composition just tabulated above. Sulfuric acid and
(polyoxyalkylene)~poly(dimethylsiloxane) contained in
the composition are diluted to 4X.

In accordance with the hydrophilizing procedure
for PP-PE fibrous absorbers described above in |
connection with Figs. 23A to 23F and 24A to 24F there
were obtained a PP fibrous member (Principle

Application Example 2) treated with the solution of the

-first'comPOSiticn (Table 2) containing isopropyl

alcohol as a main solvent and a PP fibrous member'

_(Principle Application Example 3) treated With the

solution of the second composition using a mixed

" solvent of water and isopropyl alcohol.

(Reference Example 2)

An untreated PP fibrous member was used as :

'Reference Example 2

As in PrinCiple Application Example 1 the surface

of the untreated PP fibrous member of Reference Example

[_2 is water-repellent but was modified to a hydrophilic
.t:_surface like the PP fibrous members of Principle :
rApplication Examples 2 and 3 For checking the degree N
';Hof its hydrophilicity, 7g of a water-based 1nk (y 46:
'irdyn/cm) was charged into a schale and the PP fibrous _
Ij:members of Principle Application Examples 2 and 3 as
”well as- the untreated PP fibrous member of Reference .

'iExample 2 were put slowly onto the surface of the 1nk
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As a result, the untreated PP fibrous member of
Reference Example 2 floated on the ink, while the PP
fibrous members of Principle Application Examples 2 and
3 sucked up the ink from their bottoms. However, a
comparison between the PP fibrous members of Principle
Application Examples 2 and 3 showed a distinct
difference in the amount of ink sucked up. The former
sucked up and absorbed all of the ink from the schale,
while as to the latter, about,half of the ink remained
in the schale.

This is presumed to be because of a difference in

- the degree of polymer orientation in the respective

coatings although there is no substantially marked

_difference ‘between both PP fibrous members in the total
~.amount of (polyoxyalkylene)-poly(dimethyls1loxane) as a

:_coating polymer on - their surfaces.

For example in the PP fibrous member of Principle_

"Application Example 2 the surface coating polymer is

._substantially oriented but 1s adhered to f1ber'

surfaces in a partially orientation-disordered state.

On the other hand such an orientation disorder is _

diminished to a great extent in the PP fibrous member

'-of Principle Application Example 3.

:“_ In the hydrophilization treatment using

E (polyoxyalkylene)-poly(dimethylsiloxane) it is presumed
-”'that a- close and more- uniformly oriented coating is

. attained by using water in addition to - 1sopropy1 :
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alcohol as solvent. It is desirable for the treating
solution to contain at least 20% or so of isopropyl
alcohol to meet the requirement of uniform surface:
setting, but even in the case of an isopropyl alcohol
content lower than 40% in the above Principle |
Application Example 3, it is posSible to form a polymer
coating. That is, in the course of solvent evaporation
and drying, isopropyl alcohol volatilizes more rapidly
and is lost, while the content of isopropyl alcohol

decreases more. Taking this point into consideration,

it is presumed that the coating can be effected even at

an isoprOle alcohol content lower than 40%. From the
standpoint of-industrial safety it is preferable that
the amount.of isopropvl'alcohol be less than 40%. .

Although typical embodiments of the present .

o 1nvention have been described above, the 1nvention is

:also applicable to,_for example, such valve member 261_f-'

.”td'valve 1id H62 as shown in Fig';m;IF

It goes Without saying that_the above modifying

'“ical idea on

Ih_elements aCGording to the present invention are also

B applicable:to oth'r'porous elements than fibers as

-ﬁdnegative'pressure generating members._f-‘"*

When the negative pressure generating member which_

t_:has been hydrophilized uniformly by any of the abofe_

'}-methods (other embo:iments) sucks up ink (ink) again o




10

- 15

20

25

- 102 -

after the ink once absorbed into the negative

generating'member has been extracted, as referred to in

the previous description, the amount of ink held by the:

negative pressure generating member after the repeated
ink suction is almost the same as before, in other-
words, a return to the initial negative pressure can be
effected, irrespective of the amount of ink extracted
or the number of times of suction repetition.

On the other hand, in the embodiment-in whichhthe
liquid containing_chamber is disposed remoVably with
respect to the negative pressure generating member
containing chamber, the amount of liquid held in the
negative pressure generating member;containing chamber

at the time of replacing the liquid containing chamber_

varies, depending on the case where liquid is held up
to near the joint pipe which is a connection to the inkt
outlet port the case where even liquid present near :
".the ink feed port is consumed -and the case’ where theref
.Zis no 1nk capable of being consumed (fed)._vjn' i
:accordance w1th any of the above methods (other-l
'embodiments) according to the present 1nvention by .
'applying the hydrophillzation treatment to the negative"
'pressure generating method in the negative pressure
'_generating member containing chamber, the negatlve'g-ﬂ'u_
.pressure in the ink feed port portion of the negative B
pressure generating member containing chamber after

B replacement of the 11qu1d containing chamber can be
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always restored to its initial level (negative pressure
and amount) irrespective of the number of times of
replacement and the residual amount of liquid in the
negative pressure generating member containing chamber
before replacement. When the partial hydrophilization
according to the present invention is considered, if
liquid remains near the treating portion in the
negative pressure generating member before replacement

(for example if only the liquid remaining in the

vicinity of the joint pipe is consumed), it suffices
-for the hydrophilization treatment to cover the area
'from the liquid-supplemented portion up to the liquid-

'consumed-portion even if the whole of the negative

pPressure generating member is not hydrophilized in the

- manner described above.

' According to the present 1nvention as set forth

_“above, since a partial surface of a portion through d
f_'fwhich a recording 1iqu1d used in a recording liquid
: .feed device passes directly or of a structure necessary
| - for the feed of ‘the recording llquid is rendered _ d
'h hydrOphilic, there can be provided a recording liquid
7r?feed deVice capable of feeding the recording liquid

stably and efficiently. '

More Specifically, by hydrophilizing an inner

surface of a feed tube Wthh 1s for conducting the'
recording liquid from the recording liquid container tor'

1=the liquid eJection head it is poss1b1e to prevent air:i
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from entering the feed tube and forming a bubble which’
would stay and obstruct the flow of the recording
liguid and hence possible to conduct the recording
liquid smoothly from the recording liquid container to
the ink jet head. Moreover, by so doing, the feed tube
continuity can be recovered easily with use of recovery
means such as suction or the application of pressure.
By the hydrophilization treatment according to the
present invention, a hydrophilized surface using a
molecuiar level of a thin.polymer £film can be formed on
the'feed tube inner surface with 1ittie change in
inside diameter.

._ In the case where a filter is disposed in the
recording liquid feed port of the recording liquid
container by lyophilizing the filter surface it
ibecomes possible to reduce a pressure loss caused by_

-.,the filter and conduct and feed the recording 11quid o

':feff _iently to the feed port..~ _
' Structural members such as tube, pipe and filter'

having been 1yophilized according to the present

o :invention can exhibit a 1yophilic nature and air'“

'Tﬁ;permeation and elution preventing effect w1thin the'

L liquid feed path

Moreover, in a recording liquid container hav1ng”
an absorber containing chamber with an absorber
:g inserted therein and alsc having a liquid storage

"chamber with a recording 1iqu1d stored therein i
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directly, by lyophilizing a contact surface with the
absorber of the absorber containing chamber on the side
where a communicating portion of the absorber
containing chamber with the liquid storage chamber is
connected, it is possible to further stabilize
gas-~liquid exchange and feed liquid in a stabler

manner. In the case where the liquid storage chamber

and the absorber containing chamber are connected

together through a relatively long joint pipe, by
rendering an inner surface of the joint pipe lyophilic,

it becomes possible.tc_conduct the liquid stored in the

- 1liquid storage chamber to the joint pipe_portion_and:'

feed it efficiently into:the absorber containing

‘chamber. In addition, according to the lyophilizing

method of the present invention,.it_is possible to

_apply the'lyophiliiatidn treatment.to at7ieast a part

h.'of the negative pressure generating member, whereby 1t

is possible to impd:ve the liquid absorbability of thef .

- negative pressure generating member diminish the flow

20

resistance of liquid Wlthln the negative pressure

.generating member and feed liquid eff1c1ently.__{'

According to the present invention, the

'{wettability of liquid for the liquid feed path as: a. .

 90rt10n where 11quid 1tse1f passes directly for liquida_'“
' feed or as a structure necessary for llquid feed is ;-5
_timproved and it becomes difficult for a bubble to.

'adhere to the 1iquid feed path -and even if 1t 1s 1eft
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standing for a long pefiod, the bubble is difficult to
grow. Thus, the adhesion and stay of a bubble in the
feed path are suppressed and the deterioration of
liquid feedability is difficult to occur.

Further, by applying the lyophilization treatment
to a partition wall on the absorber containing chamber
side of a liquid container having the partition wall,
it is possible to prevent an accidental formation of an
air path between the wall surface énd the absorber_and
the introduction of gas can be'performed along a
predetermined route} s0 that the gas-liquid e#changing
operation can be stabilized and it is possible to -

improve the reliability of liquid feed.
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WHAT IS CLAIMED 1S:

1. A recording liquid feed path formed in a
tubular shape as a portion through which a recording
liquid itself passes directly or as a structure
necessary for the feed of the recording liquid, the
recording liquid being fed to an ink jet head which
ejects the recording liquid to effect recording,

wherein a polymer is applied to an inner surface

of the recording liquid feed path, the polymer having a

_first moiety containing a lyophilic group for making

_the inner surface of the recording liquid feed path

hydrophilic and a second moiety containing a group
having an interfacial energy different from an

interfacial energy of the lyophilic group and almost

equal to a surface energy of said surface the second
~moiety heing oriented toward said surface which
--direction is different from an’ orienting direction of

fthe first m01ety.

Qz;. The recording liquid feed path according to

_fclaim 1 f_wherein the inner surface of the recording
':llqu1d feed path is constituted by an olefin resin and

'“the polymer is a polyalky151loxane containing a

byarophilic group. HIIIIII |||I|| || ||||| || |||| "

fi 3; A recording liquid feed system comprising a k

first container the first container containing an
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absorber which holds a recording liquid to be fed to an

ink jet head temporarily with a capillary force, a

second container which holds a recording liquid to be
fed to the first container, and a tubular recording
liquid feed path for communication between the.first
and second containers,

wherein the absorber is a fibrous member
constituted by a fiber having an olefin resin at least
on its surface; an inner surface of the recording
liquid'feed path has an olefin resin,

“the surface of the fibrous member and the inner

surface of the recording liquid feed path are.each

applied with a_polymer at least partially, the polymer

having a first moiety containing a lyophilic group for
1yophilization-and a seoond moiety containing a group

having an. interfacial energy different from an

ﬁninterfacial energy of the lYOphlllC group and almost

"f,equal to a surface energy of said surfaces, the second

moiety being oriented toward-said surfaces, and the

first m01ety being oriented in a direction different

e

_-4._ The liquid feed system according to claim 3,

'-'wherein the - polymer applied to the fibrous member is a

ypolyalkyls1loxane oontaining a hydrophilic group.

5. A recording liquid container having a filter
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disposed in a feed port portion for feeding a recording

liquid to an ink jet head,

wherein a polymer is applied to a surface of the
filter, the polymer having a first'moiety containing a
lyophilic group for hydrophilizing the filter surface
and a second moiety containing a group having an
interfacial energy different from an interfacial energy
of the lyophilic group and almost equal to a surface
energy of said surface, the second moiety'being

oriented toward said surfaCe which direction is

‘different from an orienting direction of the first

moiety.

-6. A recordlng liquid container compr1s1ng an

-absorber contalnlng chamber and a liquid storage

”3chamber the absorber contain;ng chamber containlng an

]'communica,_o'¢p, _,;_75- "fg_;ff“,ﬁf}i : :sorber-ﬁ”

Tfunctlonlng to hold liquid by utili_ing.a capﬂilary

force, and the llquid storage chamber communlcatlng

cond'inlng chamber through a

E'sealed space except the communicatlng portion

Wherein a hous1ng of the absorber contalning

chamber is lyophilized at a surface of contact thereof

.-:Wlth the absorber at 1east in the Viclnity of the b

LR
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7. A recording liquid container containing
absorber and provided with an atmosphere communication
port and a liquid feed port, the absorber functioning
to hold a recording liquid by utilizing a capillary
force, and further provided with a joint pipe for
introducing the recording liquid into the absorber,

wherein an inner surface of the joint pipe is

lyophilized.

8. The liquid container according to claim 7,
wherein at least a: lower inner surface portion of the

jOint pipe is rendered lyophilic.

9. A liquid repienishing container configured to

be removable from the joint pipe in the liquid.

~ container accordinguto-claim:7 Or'claim 8 and capablez

of feeding 11quid substantially into a sealed space

o through the joint pipe

the liquid replenishing container hav1ng a f

' -connecting portion for connection With the JOint pipe,
”-and wherein a contact portion with the liquid of - the

'connecting portion is rendered liquid-repellent.

°10. The | ;:écorqing-_.liqu;ici container according to .

. claim 7 or claim.B” wherein'the absorber is-constitutedi"

"by a fibrous member and both a portion of the fibrous

member opposed to the feed port and the vicinity N

A IIIII [
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thereof are rendered lyophilic at least partially.

11. The recording liquid container according to

claim 10, wherein the fibrous member has a fibrous

-portion extending from the atmosphere communication

port side to the feed port side and is rendered

lyophilic partially.

12. The recording 1iquid container according to
claim 10, wherein the absorber comprises a first
fibrous member disposed on the atmosphere communication
port side.and a second fibrous member disposed on the
feed port side, and the fibrous portion rendered
lyophilic partially corresponds to the wholejof the

second fibrous member.

13. The recording liquid container according to

' claim 12 wherein the second fibrous member is

subJected to a partial lyophilization treatment for the

- entire fibrous member including the first and second

: {_fibrous members and is wholly rendered lyophilic.

':fl4.. The recording 1iquid container acoording to

claim 6 wherein a polymer is applied to the
.lyophilized surface the polymer having a first mOiety

-containing a lyophilic group for lyophilizing the

surface and a second mOiety containing a grOup haVing

R O
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an interfacial energy different from an interfacial
energy of the lyophilic group and almost equal to a
surface energy of the surface,

the second moiety being oriented toward.said
surface, and the first moiety being oriented in a

direction different from said surface.

15. A recording liquid feed device for feeding a
recording’ liquid. to an ink jet head which ejects the |

recording_liquid for adhesion to a recording medium to

effect recording,

wherein a polymer is applied to a partial surface

- of a path potion through which ‘the recording liquid

passes-directly and is applied also to a partial

surface of a negative pressure generating member which

-_-feeds the recording liquid while generating a negative

.f,pressure, the polymer having a first mOiety containing'

:a lyophilic group forfmaking said surfaces lyophilic _
f:and a second moiety containing a group having an-
,_interfacial energy different from an interfacial energy

"_fof the lyophilic group and almost equal to a surface

.';energy of said surfaces the second m01ety being

Toriented toward said surfaces and the first mOiety '

Betng ertented in.n aifferint atrection. A -

16._ The recording liquid feed device according to

l{claim 15 wherein said surfaces are each constituted by




10

15 -

20

25

- 113 -

an olefin resin, and the polymer is a polyalkylsiloxane

containing a hydrophilic group.

17. The recording liquid feed device according to
claim 15 or claim l6, wherein said surfaces include an
inner surface of a tubular recording ligquid feed path-
as a portion through which the recording liquid passes
directly so as to be fed or as a structure necessary
for the feed of the recording liquid and also include
surfaces of fibers of an absorber which holds the
recording liquid temporarily.with a capillary force and

which is constituted by the fibers.

18. The recording liquid feed device_according to

-claim 15, whereinja.polymer is applied to a partial

surface diffe‘rent from said .l'yophiliz'ed partial surfa_ce

of the portion through which the recording liquid

:'passes directly or said 1yophilized partial surface of

the structure necessary for the feed of the recording

'1iquid the polymer having a first mOiety containing a

1iquid—repellent group for making said different

: partial surface liquid—repellent and a second mOiety

containing a.grOup haVing an interfacial-energy _"'

_different from an interfac;al energy of the
liquid-repellent group and almost equal to a surface

energy of said different partial surface the second

_'mOiety being oriented toward said different partial

lIIIlIII L II ll
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surface which orienting direction is different from an

orienting direction of the first moiety.

19. A recording liquid feed device comprising the
recording liquid feed path described in any of claim 1

to 3.

20. A recording liquid feed device comprising the

recording liguid container described in claim 4 to 7.

21. A surface modifying method for lyophilizing a
partial surface of a path portion through which a
recording liquid passes directly in'a recording liquid
feed device for feeding the recording liquid to a

liquid ejection head or a'partial surface which

constitutes a part of a filter necessary for feeding
- the recording liquid w1th a functional group for the

- lyophilization being imparted to the partial surface to

render the partial surface lyophilic the method
comprising.

_a first step of applying liquid containing j

o fragmented products to the partial surface the
"!_fragmented products hav1ng a first moiety contalning a
-functional group and a second moiety containing a group '

'having an 1nterfacial energy dlfferent from an

.' "-

'iinterfa01al energy of the functional group and almost

"equal to a surface energy of the partiai'surface,'the -

.
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fragmented products being obtained by cleavage of a
functional group imparting polymer having the first and
second.moieties;

a second step of orienting the second moiety of
the fragmented products to the partial surface side and
orienting the first moiety to a side different from the
partial surface side; and

a third step of condensing and thereby
polymerizing at least partially the fragmented products

oriented on the partial surface.

' 22. A surface modifying method for
liquid-repelizing a partial surface of a path portion
through which a recording liquid passes directly in a
recording]liQuid feed device for feeding-the recdrding'

liquid to an ink jet head or a partial surface ‘which

'constitutes a part of a filter necessary for feeding

: the recording liquid with a functional group for |
'_1iquid-repelization being imparted to the partial
'-surface, said partial surface being different from a -
f surface to be rendered lyophilic the method |

-icompris1ng.

a first step of applying liquid containing

;fragmented products to the partial surface, the
_fragmented products having a first moiety containing
_the functional group and a second m01ety containing a

'group having an 1nterfacial energy different from an.

DI A
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interfacial energy of the functional group and almost
equal to a surface energy of the partial surface, the
fragmented products being obtained by cleavage of a
functional group imparting polymer

having the first and second moieties;

a second step of orienting the second moiety of
the fragmented products_to the partial surface side and
orienting the'first moiety to a side different from the
partial‘surface side; and

- a third step of condensing and thereby:
polymeriiing at least partially the fragmented products

oriented on the partial surface.

- 23. A surface modifying method for'lyophilizing a

 partial surface of a path portion through which a

recording liquid passes directly in a recording liquid

_feed device for feeding the recording liquid to an ink
.u_Jet head or a. partial surface which constitutes a part;

;_of a filter necessary for feeding the recording liquid

the method comprising. a

a first step of applying a solution to the partial

:surface 1n which solution are dissolved a dilute acid
.:an affinity improver for 1mproving volatility and
”r-faffinity for -an’ element surface and a treating agent
tcontaining a polymer, the polymer having a second
timOiety and a first moiety, the second moiety containing:

aa group having an interfacial energy almost equal to a -

T
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surface energy of the surface, and the first moiety
containing a group having an interfacial energy
different from the interfacial energy of said group in
the second moiety;

a second step of imparting heat to the surface to
remove the affinity improver;

~a third step of concentrating the dilute acid and
allowing the polymer contained in the treating agent to
be cleaved; and |

a fourth:step of condensing the cleaved polymer on’

_the surface, orienting the second moiety of the polymer

toward the surface, and orienting the first m01ety to a

side different from the surface.'

24; A method for producing a tubular recording

_.'liquid feed path as a path portion through which a |

7ibeing fed to an_ink jet head which ejects the recording

iliquid to effect recording, the recording liquid feed o

ized surface with an olefin reSin 'y

5present at least'th_reon, the method compris;ng the

fffsteps of. B

applying a treating solution to the surface, the

;treating solution containing a. polyalkylsiloxane hav1ng

f_:fa hydrophilic group, an acid and an. alcohol- and L

heat—drying the treating solution applied to the

H!IIIIj T 48 R '
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surface at a temperature higher than room temperature

and lower than the melting point of the olefin resin.

25. A surface modifying method for hydrophilizing
a hydrophobic surface of a tubular recording liquid
feed path as a path portion through which a recording _
liquid passes directly or as a structure for the feed
of the recording liquid, the recording liquid being fed
to an ink jet head which_ejects the recording liquid to
effect recording, the method comprising the step of

orienting fragmented products containing a hydrophilic

~group and a hydrophobic group in such a manner that'the

hydrophobic group faces a surface side of the

hydrophobic group and the hydrophilic group faces a

direction different from the hydrophobic group, thereby

allowing the fragmented products to adhere to the -

' hydrophobic surface, the fragmented products being
.induced by cleavage of a polymer containing the

"hydrophilic group and the hydrophobic group.'=

”26;, ‘A surface modifying method for modifying a -

partial surface of ‘a tubular recording liquid feed path;y

as a path portion through which a recording liquid
-passes directly or. as a structure necessary for the
_ _feed of the recording liquid the recording liquid

rbeing fed to an -ink Jet head which ejects the recording

N llllll! 0 llll
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wherein fragmented products of a polymer oriented

~ on the basis of an affinity of a group having an

interfacial energy similar to a surface energy of the
partial surface of the recording liquid feed path are

condensed on the partial surface to modify the surface.

27. A method for modifying, using a liquid
polymer, at least a partial surface of a tubular
recording liquid feed path as a path portion through |
which a recording liquid passes directly or as a |
structure necessary for the feed of the recording
1iquid,-the'recording liquid'being fed to an ink jet
head.which ejects the recording liquid to effect
recording, the method comprising: |

a condensing step of condensing and thereby

'polymer121ng fragmented products of a polymer on the.
partial surface of the recording llquid feed path the '
'”;polymer capable of being cleaved and condensed and |

'contalnlng a flrst group hav1ng a functlonal group and |

a. second group hav1ng an 1nterfacla1 energy almost f"

'_-equal.to a_surface_energy of - the part;al-surfaceg L

28. A recording liquid feed path;as a.pathw

qportlon through whlch a recordlng 11qu1d passes

directly or as a structure for the feed of the

) recordlng llquid the recordlng llquld being fed to an f

f'1nk Jet head whlch ejects the recordlng llquld to
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effect recording, the recording liquid feed path having

a hydrophilic surface obtained by modifying a

hydrophobic surface thereof,

wherein fragmented products induced by cleavage of
a polymer having a hydrophilic group and a hydrophobic
group, the fragmented products having the hydrophilic
group and the hydrophobic group, are oriented and
adhered to the hydrophobic surface in such a manner

that'the hYdrophobic group faces the hydrophobic

-surface'side and_theshydrophilic group faces a

direction different from the hydrophobic group.

.29. .A recording-iiquid feed path formed in a
tubuiar shape-as a path portion through which a

recording 11quid passes directly or as a structure for .

_.the feed of the recording liquid the recording liquid

-ffbeing fed to an_ink Jet head which eJects the recording

-

the recording liquid feed path having a liquid

icontacting surface structure with a polymer applied

“ﬁfthereto andfadapted to hold the recording liquid fed '

-t_;fpolymer containing, in a substantially

'-falternate manner ;a lyophilic group ofa relatively '
'flong chain and a lyophobic ‘group of a relatively short B

.chain.-;,

’”:30;' A recording liquid feed path formed in a

||IIlII| I Ill|| Il ll Il



10

15

20

an alcoho ,

'jevaporating the ti_

- 121 -

tubular shape as a path portion through which a
recording liquid passes directly or as a structure for
the feed of the recording liquid, the recording liquid:
being fed to an ink jet head which ejects the recording
liquid to effect recording, the recording liquid feed
path having an olefin resin at least on a surface
thereof, said surface having a modified lyophilic
surface,

the recording liquid feed path having a liquid
contacting surface structure, the liquid contacting
surface structure hav1ng thereon, in a substantially _

alternate manner, a hydrophilic group of a-relatively-

: long chain and a hydrophobic group of a relatively

- short chain the liquid contacting surface structure

being obtained by applying a treating solution to the

surface the treatlng solution containlng a polymer a

' dilute acid as a.cleavage_catalyst for_the polymer, and

.and a group having an interfacial energy almost equal

to a Surface energy of the surface which contains at

'7-1east said olefin resin as a component then

fting solution thus adhered to the

= surface _concentrating the dilute acid on the surface
| {".thereby cleaving the polymer and conden31ng the 3
25 |

resulting fragmented products.

'“31. A method for producing a recording 11quid .

HII\lll I
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container, the recording liquid container containing an
absorber which holds a recording liquid by utilizing a
capillary force, the recording liquid container having
an atmosphere communication port formed in an upper
position, a liquid feed port formed in a lower
position, and a.joint pipe positioned sideways for
introducing the recording liquid into the absorber,
with an olefin resin being present at least on an
entire inner surface area of the joint pipe and an
entire inner surface area located downwards from a
position above an upper end of the joint-pipe, the
surfaces having modified lyophilic surfaces,.the method
comprising the steps-of; |

dipping the recording liquid container from_a

lower portion-thereof into-a'liquid reserﬁoir

-containing a treating solution until the pOSition above_
the JOlnt pipe upper end 1s dipped into the treating
"solution to 1et the treating solution adhere to the

-;surfaces the treating solution containing a

polyalkylsiloxane having a hydrophilic group, an acid

'.and an alcohol, and

heat-drylng the surface—adhered treating solution
at a temperature higher than room temperature and lower

than the melting polnt of the olefin res1n.

| 32j A method for producing a recording liquid

_container, the recording 1iqu1d container containing an:

* 4 L M S *
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absorber which holds a recording liquid by utilizing a
capillary force, the recording.liquid container having
an atmosphere communication port formed in an upper
position, a liquid feed port formed in a lower .
position, and a joint pipe positioned sideways for
introducing the recording liquid into the absorber,
with an olefin resin being present at least on an
entire inner surface area of the joint pipe and an
entire inner surface area of a wall to which the Joint
pipe is connected, the surfaces having modified |
lyophilic surfaces, the method compriSing the steps of:
-dipping the recOrding liguid container into a
liquid'reserVOir containing a treating solution-until
the joint pipe formed sideways and the inner surface of

the joint pipe-connected wall are dipped into the

.:treating solution to let the treating solution adhere
' to the surfaces the treating solution containing a"_-

_-polyalkylsiloxane haVing a hydrophilic group, an acid

uand an alcohol, and -

heat-drying the surface-adhered treating solution

”~.at a temperature higher than room temperature and lower:

'than the melting point of the olefin re51n.

'--33; A method for producing a recording liquid

.container the recording 1iquid container containing an_f
'f-.absorber which holds a recording liquid by utiliz1ng a

.capillary force, the recording liquid container haV1ng

||II|II| TR ||I|
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an atmosphere communication port formed in an upper
position, a liquid feed port formed in a lower
position, and a joint pipe positioned sideways for
introducing the,recording liguid into the absorber,
with an olefin resin being present at least on an
entire inner surface area of the joint pipe, an inner
surface of a wall with the joint pipe connected thereto
which inner surface is positioned above the joint pipe,
and an inner surface of said wall positioned below the

joint pipe, the surfaces having modified -lyophilic

_ surfaces; the method comprising the steps of:.

-maSking_an inner surface portion located downwards

from a pcsition above an upper end of the joint pipe

: _and'except said inner surfaces of the wall with the

Joint pipe connected thereto,

dipping the recording liquid container from a

f-j;lower portion thereof 1nto a liquid reserVOir

”fsolution until the position above

'"ffthe j01nt pipe upper end is dipped into the treating

a0

25

- ;solution to let the treating solution adhere to ‘the _pl-

}surfaces “the tre“ting solution containing a

cﬂpoly:fkylsiloxane having a hydrophilic group, an acid

:;and an alcohol‘ and ]w

heatvdrying the treating solution adhered to the

'surfaces at a temperature higher than room temperature

'-'and 1ower than the melting p01nt of the olefin resin.'
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