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Recording Liquid Feed Path, Recording Liquid Container, 

and Recording Liquid Feed Device having Same, 

as well as Surf ace Modifying Method 

for the Recording Liquid Feed Device 

5 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a recording 

liquid container for containing a recording liquid 

-10 (ink), a recording liqui~ feed path th,rough 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 me~ium 

to effect recording, and' a recording liquid feed device 

15 provided with the recording liquid container and the 

recording liqu;i.d feed path, as well as a 

hydrophilization meth,od for q. sur:face of a porti.on_Clf 

therecordi.ng liquid feed dev:ice through whichp9rt.ion 

the recc:>rdi.ng liquid passes directly arid also.for'the 

20 surface of a part of a structure such as a filter which 

is· necessary for the feed of the r~cording 1iquid. 

The present 1nvention further relates to an 

el~ent surface modify1ng method for modifying . 

characteristics arid properti.es of either surf aces of 

25 ·fibers themselves which are used <:ls a negative.pressure 

generating member within the reco:cding liquid container 

or the said surfaces which have been subjected to a 
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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 surf ace modifying method 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 

10 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 

15 and .is adhered to a recprding medium to effect 

recording; there generall.y ~s provi~ed a recording 

liquid fee.d. device, ·. wi:U.ch. device includes a recording 
. . .. . . 

liquid container· ... for containing ink to be fed to ap ink 

.. jet head and .also includes a recqrding liquid feed path 

20 for. conducting ink £:ro01. an ink tank te> the ink jet 

head. 

In the case where the·reoordirig liqui.d container 

an~. the ink .Jet head ·are spaced apart from each .·other, 

a flexible.plastic tube or the li]<e is used as the. 
. . .. 

25 ... rec()rding liquid feed ·path, and even when the:re is used 

a recording liquid container integral with or removable 

fre>m the ii\k 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 

5 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 discharged to the 

10 exterior. It follows that a trace of air enters the 

feed tUbe 1001 through the wall of the tube 1001, which 

entry of air may result iJ?- formation of a bubble 1002 

within the tube 1001, as shown in Fig. 35A. The bubble 

1002 if formed within the feed tube 1001 causes the ink 

15 fl.ow i;>ath to become narrowei:-, with consequent 

obstruction to the flQw qf ink; wh:i.ch may lead to a 

deficient supp::tyof ink. 

Fu:tther, .if sutjh a state i$ left ~sit i~ over a 

long period, the . bubb;'.Le will grow ·into a larger bubl:>.le 

20 i.ooz, which may ca'(lse separation of the i~ present 
. . . 

within the feed. tube ioo1 and fo:rmatiC>n of meniscuses . . . . . . . . (' . . 

1003~ as shown irt Fig. 3SB. ·Such a state influ~rioes· 

the·· flow of ink and may ;result in ink being uI)~ble to 

be fed. In this case, even if an attempt is made to. 

·25 recove:r:- the continuity of the feed tube 1001, for 

example by using a.pump to suck out the ink from the 

interior·of .tube 1001, it may be impossible to recover 
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the tube continuity unless a considerably large £orce 

is used. 

If a gas barrier layer through which air is 

difficult to permeate is formed on the wall of the feed 

5 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, the feed pipe becomes hard and 

may be cracked upon imposition of a stress thereon when 

10 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 

15. absorber containing chamber havi~g a gas ·inlet path 

formed therein for the promotion of gas•liquid 

exchange, the entry of air into the gas inlet path 

forms an_ air path and the entry of the air into liquid 

storage chamber relieves the internal pressure. In 

20 this case, the a:i_r mov~ng time dominates an.increase in 

negative pressure during the supply 9£ liquid, .so.it is 

preferable that the air move smoothly without the heed 

of increasing a capillary force of the gas inlet path 

for gas-liquid exchange. 

25 In the case of a recording liquid container in 

which the liquid storage chamber i.s replaceable, a 

-joint pipe- as an·ink-flow path,.which 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 

5 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 the absorber 

containing chamber, there is a fear that the 

10 introduction of ink may not be done smoothly, with 

consequent exhaustion of ink. 

SUMMARY OF THE INVENTION 

The pre~ent invention intends to solve the 

15 above~mentioned problems and provide a recording liquid 

fee~ path, 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 recor(iing liquid 

20 container to a liquid ejection head/(preferably a,lso· 

within the recording liquid container). 

In ~he case of an ink tank with a·compressed 

member disposed within a liquid fee~. port of a 

recording head, the compressed member being constitute~ 
. . 

25 by a bundle of fibers which are arranged tn ali.gnlllent 

with a liquid feed direction, if an ink flow resif;tance 

of ····the compressed member is .. high arid if ink is to be 
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f ~d 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 

10 formation, it is impossible to modify a surface of a 

complicated shape uniformly. Particul.arly, surface 

modification is infeasible for the interior of a 

negative pressure generating member having a 

complicated porous portion in the interior thereof such 

15 asspon~e ora fiber composite which is used in the ink 

jet f :l.eld fc:)r generating a neg,at:l.ve press.ure. 

~esides., i:f the J,iquid us.ed contains a surfactant, 

the porous pq;['.tion is not surface;;..D1odified, and upon 
/ 

extinction of the_su;factant the liquid exhibits no 

20 characteri~tic and the characteristic of the surface 
- -

itsel;f al.so r~vex,-ts t:c-,- its or:i,~inal sta:t;e immediately. 
. · ... 

oie.fin i;e$ins are $UPerioriii water repellerice a:s 

can, be s~en frqni their oontact arigles as high as $0° or 

lllore relative-to water, but no lllethod is available for 

25- -- ensuring a -desired Iyophilic nature over a long period. 

--Having therefore made studies for findd.ng_, out a 
::' . ·... : · .. 

metll.oci.capable-of s11r£ace-modifying olefin resins ip a 
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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 

5 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 

10 generating member and a polymer .containing a react:i..ve 

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 improved by analysis 

15 of the polymer itself. 

20 

Havi,ng also paid attention to a negative pressure 

characteristic of-~uch-an,egativ~ ,pre$su:i;-egenerat.i,ng 
. · .. :. .. ·. 

member as -a porous··· member from another viewpoint,. we 

encountered the.following problem. 

A conventional negc;,tive pre1;1suregenerc;tt:i..ng member 
. .' ·. .· : .· . . : .. · .. 

is in ll\$nyc!3.S¢s eaposed"to ,liquid S\lCb as al:i..qul<i ink 

-filled-- in an initial s~~ge. -- · 
. .·· : . ·. 

ln the Cf;lSe ~here- a riegat.iv.a pressure Oh.amber· and· 
. . ·... .. ·. . : .. .· 

- -

a li.qu:ld-containil}g·chc:imber-are integrcilwith each 

25 other, a portion of th~ I}egativepressure 'generating. 
·.... : ·. .·. . . : .. . . . : 

member exposed to-the liquid consumes the liquid, which 

-- c~nsumed quantity·af the liqui~ 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 

5 is uncertain even for those skilled in the art whether 

a return to the initial negative pressure or to the 

initial liquid retention will be attained or not by the 

replenishment of liquid. 

Having made a further study about what degree of 

10 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 

15 liquid filled into the negative pressure generati11g 

member in an initial stage was fairly large because of 

forced pouring of.the liquid bysoine suitable means,. 
. . : . . . . . . . : . 

but that a mere re--fillillg of the liquid.· .. a££6:rqed on1~ 

about a half return p:.=-obably·dit~ to a dj;ffj;cu,lt i:~oval 

20 of air·contained in th~ negative pressure·generating. 

25 

. . 

member, and th,at if such a mere replenishment of l.i:.quid 
. . .·· . . 

is repecited, the amount of liqµidcape;tbleof·belng 

.. retained would become more and more smciller and an . 

increase in negat:i.ve pressure also resulted. 

It is a fir.st object of the present invention to 

·provide a liquid fee4 path in which even when a bubble . . ... .. .. . .... 

is present in a liquid·feed tube portion leading 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 

5 provide a liquid feed path having a lyophilized surf ace 

formed on an inner surface thereof, the lyophilized 

surf ace being formed using a thin polymer film of a 

molecular level which causes little change in the 

inside diameter of the path and the manufacturing 

10 method therefor. 

It is a third object of the present invention to 

provide a containing chamber capable of containing 

liquid to be fed to a liquid ejection head and improved 

in liquid movability and recoverability in a joint 

15 potion (connector portion) of a negative pressure 

generating membe.r containing chainber to and from which 

e1..removable liquid feed member is connected and 

removed, and also provide a· containing Qh~er 

involving.a lyophili~ation treatment for at least a 

20 part of a negative pressure gene;rating member. It is 

· · also an object of the invention to pr.ovide · a 0011.taining 

chamber and a system both capable of ensuring the 

introduction of Qas (outsid~ air) which is perfqrmed 

together with the supply of liquid into a negative 

25 pressure generating chamber by the liqu:i.d ;feeci rttember. · 

It is a fourth object of the present invention to 

provide a.liquid feed tube manufacturing method for 
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ensuring a lyophilic nature of an inner surf ace 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 inveption to 

5 provide structural members such as a tube, a pipe, and 

10 

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 liquid 

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 

15 tubular recording liquid feed path as path portion 

through wh:i:.ch a recording liquid passes directly or as 

a str\lcture n,~c~ss~:cy for the feed of the recording 

li9uid, to feed the recorqing liquid to ~n ink jet head 

20 

. . . 

< which ejects the ~ecqrdipg liquid to.effect recording, 

in which, a po~yrner is applied to an inner s\.u;face 

o:f .the 'reqq:pqing liquid feed path, the polymer having a 

£:.i.rst: ,moiety ·containing a lyophilic group for R1a,k.i.J;1g 

· · the inner s~fac.e of the recording liquid feed. path 

hydrophilid and a second moiety containing a group 

25 .·having an :i.ntex-faoial energy different from an .· 

interfacial·energy of the lyophilic group and almost 

.. equal -to ·.Ci surf·aoe . energy of the said surface, the 
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second moiety being oriented toward the said surf ace 

which direction is different from an orienting 

direction of the first moiety. 

According to this construction, when air permeates 

5 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 surf ace of the recording liquid feed path in the 

wall portion of the same path with the bubble adhered 

10 thereto, so that the area of bubble adhesion to the 

.inner surface of the path becomes small; besides, the 

bubble leaves the inner surface of the path and floats. 

~nsequently, the bubble can be ;removed easily by the 

flow of liquid during feed of the liquid and thus _the 
. . . . . 

15 stay of the b\lbble w:i..t~in the path can be shortened. 

Consequen~iy, " "t:he f lcjw of the r~qol:'ding_ -1-iquid can be 

. pre:Ven,ted f;rc>~ __ h.~iri.g ()J:>s-truo.te(J. ~Y the ])ubble an(i the ·· 

· recording .· 1±qµid can ·"l)e· -ted ~f£i9iept,ty •· 

. I-f a btlhJ:>le adh~tes to the inner sQ.X"face of the 
.·. '• 

20 recor<ling l:iquicf feed path~ th,e c:>E:lmot:ic p:c-essu:i;e 6£ the 

. 25 

. :r;e,oordi.ng l:;ltj\,l:f..~ , in ~h,i$ pµbbl.~~fldhered: :pq~tipn o~ the . 
· ..... 

. path l:>f:lcomes . ~~a:tler; t!l.us proiftotin,g the ~~?e?i~ion ·of 

air into the $Elin~ path• .· :ffO:Wev'r, ,in ~h¢ r(!Cbr(J.ing 

· .. _liquid feed. path, acce>tdi~g to the_ pr_esent ·invention,· __ -

s.ince the are~ o( bubble, ~~esion to the iIUi~r ~µr:face 
of the recording liquid ··feed path can be. made small, 

_·.·.the,:' pe~ineatic:>n of . air irtto the . :t~~()rding :L:;iqµ;LCJ. ' feed 

. '• : 

' 



- 12 -

path, which is caused by a lowering of the osmotic 

pressure of the recording liquid, can be prevented from 

being accelerated. 

Since the hydrophilized inner surf ace of the 

5 recording liquid feed path according to the present 

10 

15 

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 

surf ace of the recording liquid feed path may be 

constituted by an olefin resin, and a polyalkylsiloxane 

containing a hydrophilic group may be used as a 

polymer. 

According to the present invention there is 

further . provided a recording liquid feed system ' 

comprising a first conta:i,ner, the first·contaiiier· 

containing an absorber which holds a recording liquid 

to be fed to an ink jet head temporarily with a 

20 cap.illary force, a second container whic}i holds a 

recording liquid to be fed to the first Qon.tainer, and 

a tubular recording liqµid feed path for COinmunication 

between the first and second conta,i.11ers, 

in which the absorber is a fibrous member 

ZS constituted by fibers which contain an olefin resin at 

least oil their surfaces, an inner surface of the 

recording liquid feed· path has an olefin resin; the 
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surf ace of the fibrous member and the inner surf ace 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 

5 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 surf ace 

energy of the said surfaces, the second moiety being 

oriented toward the said surfaces, and the first moiety 

10 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 

15 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 ink to the al:>~orbe;r. 

Eiesides, Since the flow resistance during mov$Rent of 

the i~ is 1ow in tfle fibrous absorber portion, it is 

20. possible to conduct the ink to the irik jet head 

·e:(:fi,cic;mtly. 

According to the present invention the:i'e ·ts 

further_ provided a recording liquid qontainer . 

. containing a recording li_quid to be fed to an :Lnk jet 

45 head which ejects a recording ink for adhesiori to a 

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 

surf ace of a structure necessary for feeding the 

recording liquid is hydrophilized. 

According to this construction, there can be 

5 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 

conta;l.ner including a filter disposed in a feed port 

10 portion for the.feed of a recording liquid to an ink 

jet head, 

in which the surface of the filter is 

hydrophilized. 

By so making the filter hydrophilic it is possible 

15· to diminish a pressure loss caused by the filter and 
. . 

conduct a reco:i::ding . :Liquid held :i.n an ink cartr.idge to 

·the f;l.lter portion. eff±ciently and feed it to tl)e 

ex1:ei:-ior .• 

· According to .·the present i!lvention t:h,ere is 

20 .· £ur~her prov:l.ded a recording liquid container 

compri~ing an abso:r:ber containing cnantbeI:- and.a liquid 

. st9rag~ ·. chainber, the: absorber containing chamber 

c::C;>ntail).ilig. an-.absorber and. being provided with ··an. 

atmosphere O()nununication po:r:t and a liquid feed port, 
. . 

. .. . 

25 the absorber func.tiO!lingto hold liquid by utilizing a 

capillary force, and the liquid s.torage chamber 

communicating wi1:h the ab$orber 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 

5 chamber is lyophilized at a surf ace 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 

10 comJl'i.unicating 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 therei.n, whereby 

15 it i.s possible to prevent air from being conducted 

through the gap -t;o.the ddinmunicating portion.c!ln4 hence 

possib:J.e. to effect gas~llqu:J.d exCh~rige .· s1:abl.:Y • 
. : :.· ... . ·. ,. .· . . 

. . . . . . . . ·. : . . . 

·Accord*119 to the present inverition thex-eis 
. ~ . . . . . .·. ·.· 

further provldj:!d a recording liqllid 00.nta.iner .· 

20 C::ontairiirig an . ~~mrber arid proV':l.ded witll an. a~osphere 

25. 

. ·. .· . . . . 

COnuilunicat:i;oD, -~or1: a.nd a liquid feed port;; . the ab$Qrber . 

. fupctio.ning to•· hoid a :['ecording 1;1.qUid by· µ:t;il.izi.ng a 

capillary force., ahd fu~ther provided w~th a joint pipe 

for introducing.tlie recording liquidirito the®sorber, 

·in which «3.ninner s\lrf~ce of j:hej~in,tpi;pe.is 

.lyophilized. 

By.thus ~8king the inner surface of .the joint pipe 
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hydrophilic it is possible to conduct the recording 

liquid 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 

10 exchange in a more stable manner. 

Further, if an inner surface of a connection port 

of the liquid storage chamber for connection with the 

joint pipe is made liquid-repellent, it becomes 

possible to prevent the recording liquid from $taying 

15 in the connect.ion port of the liquid storage chamber 

when the same· ·chamber is removed from the absorber 

·. contaiJ'.ling 9hamb~r. 

lt is preferable that.the absorber b~ cb1"1st.ttuted· 

by a fibrous member and that both a portion C>f'the 

20 fibrous member'cqrrespOndi11g tQ the liqu:ld.feed,.port 

arid a surrpund:lng pox-t-ion . thelfeof be . subj:ect~d ·· t() a · 

lyophilizing treatment at-ieast :P~;rt:Laili~ By·so doing 

it is possible to.improve tlle reoording liquid 

absorbabil.ity of. the absorbex- and dec:rease.· the flow 
. . : :" .· .. 

25 resistance Of the recording liqti"id COritaiJ'.led in the 

absorber. 

· The · lyophi;Liz:lng tre.e.tnieJ'.lt acqc>rding · 1:;o the 
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present invention for a partial surf ace of a portion of 

the recording liquid container through which the 

recording liquid passes directly or for the surf ace of 

a part of a structure necessary for the feed of the 

5 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 lyophi1ic 

group for making the surf ace lyophilic and a second 

moiety containing a group having an interf acial energy 

10 different from an interf acia1 energy of the 1yophilic 

15 

20 

group and almost equal to a surf ace energy of the said 

surface, the second moiety being oriented toward the 

said surface, and the first moiety being oriented in a 

d:i.rect:i.on different from the said surface. 

Accord:i.ng to the present :Lnvention.there is 

further provided a recording liquid feed device for 

feedil)g a recording liquid tc;> an ink jet head which ·. 

ejects the recording liquid for adhesion to. a recording 

medium to effect.rec:::ording, 

in which a polymer is applieq to a partial surface 

of a path portion throu$,lh which the recording Ii.quid 

passes directly and is applied also to a partial 

.surface of a part of a negative pressure generating 

member which feeds.the recording liquid. while 

·25 generating a negative·pressure, the polymer he:tving a 

first moiety containing a lyophilic ·group for making 

the said surfaces -lyophilic and a second. moiety·. 
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containing a group having an interf acial energy 

different from an interfacial energy of the lyophilic 

group and almost equal to a surf ace energy of the said 

surfaces, the second moiety being oriented toward the 

5 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 

10 feed path or recording liquid container. 

According to the present invention there is 

further provided a surf ace modifying method for 

lyophilizing or iiquid-repelizing a partial surf ace of 

a path portion through which a recording liquid passes 

15 directly in a·recorQ.ing liquid feed device for feeding 

tJ;le reqording liquid to a liquid ejection head or a 

partial sµz,-:face whiQh constitutes a part of a f f.l ter . . . ·. . .. 

·. necesf:lacy. for feeding the recording l.iquid, with a 

fun9tional group for ·the iyophilizaticm . or 

20 liq\li.d-rep~llant treatment being.imparted to the 

partial s11iface1 th~·niethod comprising: 

a first·· ~tep of .al?p1ying .liquid containing. 

fragmented ,.produo-t:s to . the part~al f;;urface, the 

fragmented.proddcts.havin9 a first moiety containi11g· a 
. . 

25 functional group anc:l .. a second moiety co·ntai11ing. a group 

hav1ng an illtcar:facia.i·· energy different from. an 

... interfacial . eJ,lerg:y t>f the functiomH g~qup 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 surf ace side and 

orienting the first moiety to a side different from the 

partial surface side; and 

a third step of condensing and polymerizing at 

10 least partially the fragmented products oriented on the 

partial surface. 

Further, a surface modifying metllod according to 

the present invention is characterized by comprising: 

a first step of applying a solution to a surface 

· 15 in which solution are diss9lved a dil.ute acid, an 

·.·. affinity improver ~or improving vol·a:tili ty and affinity 

fo~ an e.leln~t ~urf~qe, C3nd a. tJ:'eati.#g ~gent containi11g 
. . . . . . ; . 

. : : 

a pol.ymer, .· the polyn\~r having ·.Et: · secbll<i il\biety and a 
·. . . .. ·. . ... : 

. . 

first moiety, the secomi m()iety containing a grc;nip 

20 . having an inter:f ac.i.a+ en(:!rgy almost eqUal to a surf ace 

energy of the $urfa9e, arld tbefirst ~oi.ety contai~ing 
. . . . . . . . ' . . . .. . . 

a group of an :in"t;erfacial energydl.:ffererit from the 
. . 

e;aid interfacial energy;. 

a second step of. imparting heat to the surface to 

25 remove the affinity improving agent; 

. a third st;ep o:f c9nc~nt;rat:i.ng the dilute acid et,.nd 

allowing 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 

5 to a side different from the said surface. 

According to this surface modifying method it is 

possible to conduct a uniform and continuous surf ace 

modifying treatment. By so modifying the surface it is 

possible to improve the fluidity of a recording liquid 

10 which comes into contact with the surface. 

Thus, according to the present invention, the 

wettability of ~nk for the liquid feed path as a path 

portion through which the recording l:i;quid passes 

directly or as a structurenecessacy for the feed of 

15 the liquid is impJ:qved, the adhes:Lon of a bubble 
.·. .·· 

becomes difficu:tt, a bl,ibble even if formed i~ diff~cult 
. . : . . 

to - grow even whe_n -:teft Si=an~lQg (JV~r a l{;)ng per:i;;Od, the 
- -

adhesion and ~taying of a bµbble -W.i~h:!n ~he liquid feed 
.. . .. 

path are suppressed, and th~ i~ feedability is 

20 difficult to be de1:;~riorated. 
. . . . 

- - -

Furthe:r, _ J::>y -~Pplying the hyfi:rc:>ph:Lli~:Lng treatment 

to a partition wall o;n .~absorber collta.ini~g-Cb,anlbe:r 
- -

- _side in a -liquia cdntaine~ liav:i.ng _- t1:i$ p~:r;t.ltion wall, 

it is possibl~-to prevent an a~cidentai oc~urre~ce of 
- - -

25 .an air path between tile wall surface and the absorber 

and it is ·por:;si)jie t()_ effect theintrodqgti9no:f gas_ 
.· ·: .· ..:. . ·. .: .· . 

through a pted~term:i.ned rotitca, -thµs pe?itting 
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gas-liquid exchange to be carried out stably and 

permitting improvement of the reliability in the feed 

of liquid. 

5 BRIEF DESCRIPTION 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 

10 recording liquid feed device used in the ink jet 

printer: 

Fi~s. 3A and 3B are enlarged vi~ws showing a 

characteristic of feed tubes 302 of the recording 

liquid feed device shown in Fig. 2, of which Fig. 3A is 

15 a sectional view of a feed tube 302, on which a 

hydrophilized surface 316 is not· for111ed, i:ls a reference 

example and· .Fig. 3B is a sectional 'V.iew of a feed tµbe · 

302, 6n which the hydrophilized surface.316 is formed, 

uised ·in the first embodiUlent;. 

20 F·ig. 4 .is a schell).atic sectional view of a. 

re9ording liquid feed device accord·;i.ng . to the sec0n(l 

embodiment of ·the. presetit.inventi.on; 

.· Figs. SA and 5:8 are schematic diagraois of an ink 

cartridge as a constituent of a recordin,g .. liquid feed 

25 ' device according to the third embodiment of t.J:.le present 

inven,tion;. of which Fig~ 5~ is a sec:t:;.i.onal view-arid 

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 liquid 

feed device according to the fourth embodiment of the 

5 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 

10 pipe 61 portion; 

Figs. BA and SB are sectional views showing 

another examples of hydrophilization for the.joint pipe 

61 part.ion of the ink cartridge shown in Fig. 6; 

Figs~ 9A, 9B, 9C and 9D are diagrams showing 

15· examples_ of mo:virtg states of ink in the ink Jet_ head 

cartridge shown· in.Fig. 6; 

20 

Fig. ·. Jo · *s ·a ~ebtional view showing an exam.pie of·· 

· w~ter;..,x-ept:aii'ant treE:J.~rnent for· a. com1ection·· J;>ort ·. 62 
. . . . . 

·i;>ort:Lon (>f the i~ jet head c~:i:-tridge shown in Fig. 6; 

. Figs. tiA, 11a~ :(1c, 110, .. liE an.Ci 11F are diagrams 

. ·.· shpwi~g ~6_d~~ioat~~# .~xamp1es .· 9£ hydr6phi11zation · for 

an .absor}Jer,·. an ahsd;:ber .. (:jontain:tqg _chartwer, and a 

joint pip~ in the Jet.he~<! car1:ridge;shciwri in~ig. 6; 

Fig.- 12 :i.s a sche111atic sectional view of an ink 

25 ·.jet head, Cartridge as cl C()Iistitue.J,lt of a ·recording 
. . 

:Liq;u:i.a Je~d .d~y_ig~· ~ccord;i.ng to .~J:l~ fif~h ~l;>odimeJ;lt of 
. . . ' 

the pr~s~nt:invention; 
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Figs. 13A and 13B .are diagrams each showing a form 

of adhesion between a polymer as a surf ace modifier 

formed on a to-be-modified surface of an element (a 

base) and the surface of the element in a surface 

5 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 surf ace are contained in the side chain of 

the polymer and Fig. 138 illustrates a case where the 

10 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 

15 method applicable to the invention; 

Fig. ls ·is a. conceptual diagrainshowing a step of 
. .· · .. · . .· ·. · .. :. ·:·· : 

.partially removing a· solvent from ~Qe eoating·tayer 

contai~ing the pqlyniei- as a sur:face iµodifier,and formed' 

on the .base.in the surface mod:i.fyip.g meth.,od applicable 

20 to t;he i.rivention; 
. ~ . . 

Figs •. ·· ~6A and . l.6B· ·are· concept9al ·4iagrams showing·.· 

a· partial _di~E;ociatioli .prOc~ss. C;i~ .. ···t~e polyriie:r·· C!S a 

··· s'1rfaqe 111ooif:ler which is ·. a~soclated with "t;he. partial 

. solvent removing step from the· polymer coating layer 
.· ... 

·2s and whi¢h is indliqE)dby ariacid added into the.treating 

solu"t;ion; .. ··· . . . . . . 

l".ig. · i.1 .. is· a·~pnceptual diagraJll showing. a~ 
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orienting process of the polymer as a surf ace 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 surf ace 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 derived from the polymer as 

a surface modifier which is adhered and fixed onto the 

element surface are re-coinbined by a condensation 

reaction; 

Fig. 20 is a conceptual diagram showing an example 

of applying a surf ace ~edifying ni$tho<l 8,ppliqable to 
. . 

the invention to a hydrophiliz:l,..ng treatmeiit for a 

·water-.repellent surface a~d a1~C> sl)owing what effect :is . . . .. . . .. . . . . ' . ··: "• 

obtained by adding water into a treating solut;ion; 

F;i.gs. 21A, 21B, 21C a~d 21D il.lustrate. a PE-PP. 
. . . . . 

fibrous member utilized as .. an irik ·ahsorber in·• an.· in](. 

tank, . of . whi~h F:i.g •. 21A·· snqwei sctiematicaliy ··a •form of 

utilization as ~n inkabsqrbe;r :in an :iriJ< tailk;·F;Lg. 21B · 

shows schematically Bil. entire shape of the PE .... PP 

25 fibro-us member, as well as an. arran,ged direction Fl o:f 

constituent fibers and a dir~ction F2 ortnogonal 

··.·.thereto, F'ig. 21C ~hows .schemat;ically a i::;tate before 
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heat-fusion of the PE-PP fibrous member, and Fig. 21D 

shows schematically a heat-fused state o·f the PE-PP 

fibrous member; 

Figs. 22A and 22B show examples of sectional 

5 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 example of coating a PE sheath onto a 

10 PP core eccentrically; 

Figs. 23A, 23B, 23C, 23D, 23E and 23F show an 

example of applying a surface modify_ing method 

according to the present invention to a hydrophilizing 

treatment for a water-repellent surf ace of tbe PE-.PP 

15 fibrous member illustrated in Fi~s. 21A to 21D, Of 

whj.ch Fig. 23A shows schem.at:i.ca11.Y the fibro\ls in~er 

before t~eatment, F:Lg. 23j3 · shOlflS:: schem~t;tc~l.ly ~ .. EJ"tep ·.· 
: . . . . . . . . . . . . . . 

Of dipping the fipr,b':ls IP.eblqer into: a .t7:°ef!lti:ng ~o.lut;i.pn .· 
; ·. ·. ._···. : ·. . . 

f O~ hydrophiliz~tj.on, Fi~l· 23C SCh~ati(::Ellly shows a .· 
20 . · sµbsec;i11ent step of compressing the f·ibr()us m9mbef .·and. 

. r~m~ving a .surplµs portion of thE1 t:reati:ng ~ofl)~~Q:n,· 

·and. Figs. 2antC> 23F are partial e11J.a;r:ged di~g;rE!tnE.;of 

F:i;gs. 23A ·to._23C, :respeotively; .. · •..... · .. ·· .·· ... ·· 

Figs. 24A,. 248, 24c, .. 24D,. ~4E and 24F ~~ows steps .. 

25 · . subsequerit to the step~ illustrated :J,.n. Figs·. 23A to 

23F, of" which :F:!-g. ~4~ schentaticall:y 13h()WS ~. c~at"ing · . 

lEJ,yer form~d· on the s~rface of the·· ~ib:t"<?\ls : iµ~et, 
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Fig. 24B shows schematically a step of drying off a 

sol vent 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 

5 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 

10 Reference Example 1 (untreated PP-PE fibrous absorber}; 

15 

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 1n 

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

Fig• 28 is a magnified (150X) S:E:M photograph as a 
- . . . 

20 substitute for drawing, showing the shape and surface 

conditio11 of an acid-treated PP-PE fibrous member iil 

Comparative Example 1 (PP_;PE fibrous absorber treated 

with only acid and alpohol}; 

Fig. 29 is a magnified (150X) SEM photograph as a 

25 substitute for drawing, showing the shape and surface 

condition of a treated PP-PE fibrous member in 

Principle·Application Example 1 (hydrophilized PP-PE 

! 
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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 

5 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 

10 Principle Application Example 1 (hydrophilized PP-PE 

fibrous absorber); 

Fig. 32 is a process chart showing an exalliple of a 

surf ace modifying process applicable to the invention; 

Fig. 33 is a diagr~ showing an example of an 

15 .estimated surface d:f.stril:>ution.of hydrophilic and 

hydrophobic g:toups by. a ~urf,ace modifying treatment 

applical:>leto t;he.ii:lve~tion; 
. .. 

fig:;. 34A, 34B .and 34Care diagrams sbow:ing 

examples of ahyd.roph;Llization treatment.for a qegative 

20 pres~mre g~ne:r~ting membe:r: ( absorber) iii an irik jet 

head cartridge ap~lical:>ie to. ·the invention; and 
: . . ,. · .. ·. :~ . . . . . . . . . : 

Figs. 35A.a:nd 35S are sectional views qfa feed 

pipe lOOi us~d :t,.n a.conventional ii).k jet printer. 

25 DETAILED .DESCRIPTION OF THE PREFERRED EMBODIMENTS 

E1nba,diment~ of the present invention will be . . .. . . . 

·descr:ibed hereinunder with refere1;toe to the 

·. 1' •· 

; 
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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 

5 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 

10 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. 

15 Fig. 1 is a schematic perspective view of a serial 

scan type ink jet printer according to the first 

embodiment and Fig. 2 is a schematic sectional view of 

a recording liquid feed d$vice port1onused in the ink 

jet printer. 

20 As shown ii;i Fig. 1, the ink jet printer is 

provided with a cart-iage 304 supp()rted recipI:'OCatably 

·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 

25 recording medium to effect recording. A timing belt 

309b entrained on two pulleys 309 is connected to the 

carriage 304. One pu1·1ey 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 

10 304 via the timing belt 309b. 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 

15 manner. 

The carriage 304 is reQiprocated along the guide 

shafts 305 and 306 and a recording medium (not showp.) 

is moved in a direction perpendicular to. the gui(:ie 

shafts, thereby causing the ink jet head.301 to be 

20 moved to a position opposed to a desired recording 

position on the recording medium. i:r:tien, the ink jet 

head 301 is operated to eject ink so that the ink is 

adhered to the desired recording position on.-t::he 

recording medium. 

25 An ink cartridge (recording liquid container) 303, 

in which ink tanks for holding iQks to be fed to the 

ink· jet head 301 are incorporated, is 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 

5 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 

10 corresponding head elements in the ink jet head 301 

through the feed tubes 302. 

A r~cording liquid feed device for feeding inks to 

the ink jet head 301 is constituted by the ink 

cartridge 303 and the feed pipes 302. As shown in Fig. 

15 2, inks are contairied direc::tly within the ink cartridge 

303;; In the irik cart~idge 303 are formed atmosphere 
. . - . . . .· .. · . 

colliin\ln.icat~C>n ports· 3:1,2 £or introaucing the atmosphere 

into . the ink cartridge :303., as . w~1·1 ..• as ;ink feed ports 

313, with.a· filter 304 being disposed in each of. the 

20 feed ;ports 313. In this einbodimE;lnt, ink is fed to each 

ink jet heiicl SOl l:>Y utilizing a head dif :ferenoe. 'rhe · · · 

ink. jet nead.SOl is disposed at a position higher than 

the ink· cartridge 303 and ink is .. fed thereto unc1er a 

predetermined negative pressure condition by utilizing 

25 .. a hea<l difference. 

P.,$ eacb ~~ed tube .302 there is used a polyethylene 

(PE) ··t'UpE:l,; ·and polypropylene (PP) is 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 hydrophilic. A description will 

be given below about a method for hydrophilizing the 

5 inner surf ace of the polyethylene tube used as the feed 

pipe 302. 

First, a hydrophilizing solution having a 

composition shown in Table 1 below was prepared. 

10 [Tablell 

Table 1 Composition o~·the hydrophilizing solution 

Component· Amount (wt%) 

(Polyqxyalkyl;ene)-poly(d:Lmetll.ylsiloxane) 4.0 

15 Su1;fur1c acid 0.5 
. . - ,. 

95.5 

. . 

.·· )\. pQ~ymer soliJ:t:i.on l'fa~ prepared usittg isopropy1 ·. 

alct:)hql as ap orgEin,ic· solyf;!nt supe:rior ;ri· :i, ts 

20. . disso+yirig power· fbr· a· 
.! . . . . .. 

(p9l:Yo~alkyl~e)~poiy(dimet;by:tE;;il.q;gan~) a~ a 

bigh-~cii_e9ular cqmpqun4 ~ ... More :~p~c.:J;f ic~_ly,:, sulfuric 

'. cicid as . ari .· in~rg~rtic ~·~id . was' added to is()prbpyl 

'f;llcoJ:iC>.i in ·.$\!ch :an amQunt ·a:s 1'.;o .give ~ concentrated. 

25 sulfuric acid p~oportio11 in the final solu~.ion of 0.5 

· wt%_, follqwed by intimate, mixing. 'l'heri, · a 

( pol,Y91tY~l~ylene) "".poly{ dililetJiy+siloxane) WB$ . added in 
. . • . •. .. . . . • . . . • . .. ! . ~ .•. . .. . . : : .. • . : . . . • . ,· . 

su6tF ah amount ·as ~o give a proportie>n 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 

5 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 l] 

10 · · CH3 CH3 CHs CH3 
I I . I I . 

CH3-Si...:...o . Si-O--Si-0-t----Si-CHa 

C
IH I I . 

3 CH3 m n CH3 . 

CsHs ( OQ2H.4) a( OC3H6) bOR 
15 where m and n are positive i11:tegers, a and b are also 

positive integers, and R is; an a~kyl group or hydrogan •. 

A colllinercially available compound (tradenante: 

Silwet L-70Q.2, manufactured by Nippon. Unicctr Co. Ltd.) 

was used,. The bracketed portion in the above general 

20 formula stands for a hydrophilic group, which is the 

second gro~p (a· fu.nctional group) explained in :Fig .. 1, .· 

corresponding to tJie portion ind;i_cated at 1-2 in Fig. 

33 •. 

In the above hydrophilizing solution there also 

25 are dissolved a small amount of water molecules in 

addition to sulfuric acid molecules in.association with 

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 

5 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 

10 was rendered hydrophilic. 

(Comparative Examples 1 to 3) 

To check the effect of the above hydrophilization 

treatment there were prepared solutions of the 

following three compositions, which were then each 

15 applied to an inner wall surf ace of a PP 

(polypropy,J.ene} .container. 
·.· .· · .... 

(1) soiution ~s comparative Exainpl.e 1 

·· In th~ )ly<irophiiizing. solution.· composit:l.on. shown·. 
: .:· . . :· . . .·· ..... .. 

intne above Table 1, only isopropyi aicohoi and 

20 sulfuric . apid wel;'e mixed together •. ·. T.hus, this·. solution 

doesnotcontain a 

25 

·· ( poly~xyalkylene) ~·p()ly( dimethyisilo#can~) that is 4sed 

in ·.the .forinati;or1 of ··a ·pol:Ymer ;f.iim ;Lnt~nded in the 

present invention. 

(2) Sol11tion as Comparative Example 2 

.In.t:he solution colllpQsition sl>,o\l'm !n the l!l:Pove 
.. : . ... , 

. . ·. . . . 

Ta})le·· 1; ·· op.ly isQpropyI· 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 

5 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 

10 place 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 

1~ shaken, allowing a surplus soiution to be withdrawn to 

the exterior of the container. The tube with the wet 

inner surface was then dried in a 60°c oven for 1 hour .• 

As a control. there was used an untr.eated tube. 

The tubes thus treated were then checked £.or a · 

20 desired surface condition, the results of which are as 

follows. 

a) Method of the hydrophilici ty evaluat.ion on tube 

.·The inner surfaces of the four tu]Jes treated 

respectively with the solution.of the.composition sho"Wn 

25 in Table 1 and the solutions as Comparative Examp~es 1 

to 3 and the inner surf ace of the untreated tube as a 

control·were rinsed 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 time, an adhered condition of pure 

water to the tube wall surface was checked visually for 

5 each of the tubes. 

b) Results 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 

10 hydrophilization treatment with the solution of the 

compositiqn 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 

15 droplets an(i the tubes were not wet at all and clearly 

proved.to be hydrophobic like the· untreated c;:ontrol 

tub~s. 
. . ' 

:tt is ~~en th.at although fpolyoxyal~ylene );;.poly 

(dimet:t>.ylsiloxane). •is contained iri·the solutions as 
. ·. . . .·. •.· . ·.. . . .. 

20 Comparat:h1e Exam{):tes · 2. and 3 ~ .. adsorption thereof onto 

the tube surf~c;:e:isriot; perfo%-med effectively and that .· . . . . ' . .. 

25. 

the~efore the(~oly6xyalkyleneJ.;.poly(dimethylsiloxane) 
. . . . . . . . . . . . 

. ~ . . 

was :washed . off upon.· rinsing of · the · conteiiner with pure 
.. . . . 

. Water a:ft$r the treatment and jU:St before evaluation. 

On ·the other hand, as to tlle treated tube using 

thesolutiol'). o:f tbe composition $hown :i,n Table 1, even 

after. ririsj_ng tf)e t~eated tube . wi.~h . tmre 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. 

5 A look at the above results of evaluation clearly 

shows that a hydrophilization treatment for the surf ace 

of a plastic tube is performed effectively by app·lying 

thereto a solution containing a polyalkylsiloxane 

having a poiyalkylene oxide chain, an acid and an 

10 al.coho! and by subsequent drying. It is also seen that 

a desired orientation and adhesion of a high-inolecul.ar 

polyalkylsiloxane to the tube inner surfB:ce.are 

attained by conducting tbe treatment in the presence of 

an acid and an alcohol •. Further, coupled with washing 

15 a plastic surface with ac:Ld and alcohol to afford a 

clean plastic surface, it became plear that the methyl 

g-roup moiety of an alkylsiloxaJ:le structure as a 

repeating ll:nit 1n a polyalkylsilox;;ane having a plastic 

surface and polyslk:yl~ne oxidechairj., whieh exhibits a 

20 hydrophobic nature, was oriented on the J?lastic surface 

and that f()r this. reasqn the entire aah~$ive force was 

improved .• · 

Besides~ by dissolving the·polyaikylsiloxane 

having a polyalkylene oxide chain in an alcohol which 

25 is a ~ood solvent for the polyaiky:l.siloxane, it is 

i;>ossiblE!, to disperse the polyalkylsilox;ane having a 

· polyalkylene ox;.iae- chain uniformly on a pl,astic surface 
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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 hydrop~ilic 

nature is obtained, but rinsing with pure water will 

5 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 hydrophilized surface 

10 316 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 

· 15 hydrophilization treatment it is possible to improve 

the fluidity of the recording liquid within the feed· 

tube 302. . As to the principle of this surface . 

20 

. ·. . 

mqdification (hydroph±lizat;l.on), it will be described 

later. 

If the inner surf ace of the feed tube 302 is not 

. rendered hydrophilic, the air -which has· pa~s~d thro~gh 

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

tube inner surface and foi:ms a bubble 315 on the tube 

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

25 thus adhered to the inner surface of the feed tube 302 

is difficult to be drifted even i;f.there occui;-s a 

slight ink·flow w±thin 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 

5 tube 302 from the bubble 315-adhered portion is 

accelerated. 

On the other hand, in the feed tube 302 whose 

inner surf ace has been rendered hydrophilic as the 

hydrophilized surface 316, as shown in Fig. 3B, even if 

10 air which has passed through the wall of the feed tube 

302 adheres to the tube inner surf ace and forms a 

bubble 315, the ink is conducted along the 

hydrophilized surface 316 at the tube portion to which 

the bubble 315 is adhered, so that the area of 

15 bubble-adhered surface decreases and eventua.lly the 

bubble 315 leaves the tube inner surface and floats. 

consequently, the bubble 315 is carried away by the. ink 

easily at the time of feeding ink. Besides, since the 

ink is conducted along the hyqrophilized surface 316 at 
20 thebubble-adhered portion of the feed tube 302; the 

ent;ry of air into the feed tube 302 from the 

bubble-adhered portion can be prevented under the 

.osmotic· pre~sure of the ink. 

Thus, in the recording liquid feed device of this 

25 embodiment, since the.inner surface of the feed tube 

302 is rendered 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 

5 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 

10 310, 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 310. Further, since the bubbles 315 which 

adhere directly to the feed tube decrease, it is 
. . 

15 possible to prevent the occurrence of a gas inducing 

state from the exter;i.or of the feed tube 302 to make it 

·· difficu.lt for.the bubble 315 to .gre>w~ 

The surfa¢e 6£ th.e filtep 308 ma,y be rendered 

hydrophilic by the same me1:=hod as ~h~t .for the inner .. 

20 sur~ace of the feedtUbe 302 •. aY using the fiiter 308 

·. haviil.g the thus~hycirophilized $U.rf_ace, the. ink held by 
.. ·. .. ... 

tb~ . absorber :304 can be conduc:rt~(i efficiently to the 

filter 308 portion and can be con(lucted smoothly to the . - . ' . . . . . . . 

. . . 

·.feed tube 302. Moreover, by thus making the surface of 

25 the f.ilter.308 hydrophilic, it is possible to decrease 

a presE1ul:e·1oss caused by the .filter. 

· · · Heretofore, as the fil te:t 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-hydrophi1ized fi1ter 308 permits the use of 

various filter shapes such as using a filter 308 of a 

5 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, which 

10 is a schematic sectional view of a recording liquid 

feed system acc0rding to this second embodi.ment. 

As shown in Fig. 4, this recording liquid feed 

system is provid~d with an ink cartridge (a second 

.. container) 323, an i.nk hold1ng chamber 32~ integral 

15 w;i.th an ink jet head 321, the ·ink holdil}g chamber 327 

ca"ntaining an absorber 324which :P.C>lds ink temp()rc;irily 

with a'capillaryforee, and a f$ea tube 322. for 

conducting ink fJ:ont' the ink ·cartridge 323 · into t:P.e ink 

holding chamber 327. In the ink cartr;tdge 323 CJ.re 

20 forme~ an atmosphere communication port·325 for 
. . .. . . . 

introducing the atmo~pne:r~·and a feed po;rt 326 fe>r the 

feed of ink. ')}he feed tube 322 is ·in$e:i:'ted il}to . the ·. . . . . . ' . . 
. . . : 

.ink. cartridge ;323 through 1:;he feed port $26. 

In the recording 1iquid feed device of this 

·25 embodiment, the feed ink from the ink cartridge 323 to 

the absorl:>er. 324 is pex-formed, fpr ~x;ample,. by·· 

deteoting•··a residua1 amount of .in)c hel,d in 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. 

5 An inner surf ace 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 of its constituent 

10 fibers are rendered hydrophilic, which hydrophilization 

is preferably carried out on the basis of the same 

principle (to be described later) as that described in 

the first embodiment. 

In this embodiment, since the fiber surfaces in 

15 the PP fibrous absorber 324 are rendered hydrophilic 

and are therefore high in wettability, t1le ink. 

absorbing speed pf the f ibrotis absorber is high and ink 

can be absorbed efficiently by.the absorber 324. 

Besides, sinee the flow resistance.· during ink movement 

20 is low i11 the fibrous absorber portion, it .is possible 

tQ conduct ink to the ink jet heaQ. 321 efficiently. 

Further, since the inner surface of the feed tube 

322 is rendered hydrophilic, ii.ik can be conducted 

efficiently through the feed tube 322 as is the case 

25 with the first embodiment. 

(Thirg Eml'.>odiment) 

·The third embodiment of the present invention will 
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now·be described with reference to Figs. SA and SB. 

Figs. SA and SB are schematic diagrams of an ink 

cartridge as a constituent of a recording liquid feed 

device according to this embodiment, in which Fig. SA 

5 is a sectional view and Fig. SB is a perspective view 

of a communicating portion SS and thereabouts. 

As shown in Figs. SA and SB, this ink cartridge is 

provided with a liquid storage chamber Sl with ink 

stored therein directly and an absorber containing 

10 chamber S2 with an absorber 53 received therein which 

absorber absorbs and holds ink. A partition wall S4 is 

formed between the liquid storage chamb~r Sl and the 

absorber containing chamber S2, and the liquid storage 

chamber 51 and the absorber containing chamber S2 are 

lS separated ;from-each other except a communicating 

portion SS which is opened in a lower end of the 

partition wall S4. In the absorber containing chamber . . 

52 are formed an atmosphere inlet port.56 for 

introducing the atmosphere and a feed port·. 57 for ink 

20 feed. On the absorber containing chamber .52 side of 

the partition wal.l 55 are formed three gas-liquid 

exchange grooves 58 which extend upward from the 

comm11nicating portion 55. 

The·absorber 53 is a negative pressure generating 

25 member which generates a negative pressure with a 

capi·lla:ty force of a porous or fibrous mat~rial. 

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 

5 operation, ink is fed from the iiquid 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 

10 interface 59 being formed iri the abso~ber 53 which 

interface is a boundary between the ink absorbed · 

portion and the ink unabsorbed portion. · Since the ink 

cartridge being considered is provided ·with the 

absorber 53, .. there accrues a ·merit such that ink can be 

15 fed from the f~ed port 57 under a substantially 

constant negative pressure cond:Ltion. A negat:Lve 

'pre,ssu:f.e ,g~ri~r~ti11g meml:>er ccm.taintng. a Pf> fibrous 

'' absorber i~ used .·as the ab~brb~r 53 in . this embodiment, 

and :PP i~: used as the matEµ:"ial of the pattition Wc:J.11 

20 54. 

In. tp:Ls eml)dg:l.ment, t:he ·partiti9tl wall 54 J:>.as a 

hydr'pph,il-i.z~d surf ace 60 . pn its Si(i~ which is in 
... · .. ·.. .... . . ":. .. 

·. ~Oii1;a9~ id.th the absorber 53. :i;:.t is Opt.:i.O:nal whether 

.the·' f~n.nation a~ea ot the hydrophilized surface 60 is 
. . : . . . 

·25 to·cc;:;ver the whole of the, partition wall 54 which faces 

the al>$o~ber 9QI\tainiil;g cJ:>.amber 52 s~de or is to cqver 
' .· : .. · .. · ·': .'·: . : .. : .. · 

from the lower .portion of t1le p~rt,i tio.n w~l.1 · _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 surf ace 60 is thus formed 

on the partition wall 54, ink is conducted to the 

absorber 53 through the communicating portion 5·5, and 

when the gas-liquid interface 59 reaches the upper ends 

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

10 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 di.fficul t to be formed becaus.e the gap is 

15 filled wi.th ink. ·Thus, when the. gas-liquid interface 

59 reaches the upper erids of ti)~ gas-liquid exchange 
. .. . .. . . . 

grooves 58; .· the :Ltj.trodµction, of air into tJ>.e liquid ' 
.· .· :: ·. . 

storage ' OhcUnber 51 ·' stops aild ' ~o does <.the gas-..liquid 

·exchang:i.ng·operatio~,.that is, t~~:feedqf ink f'r()m the 
. .· . . . 

.· .· . 

20 . liquid stor~ge chamber 51 to the abso:r~er cont.aining 

ch~ber 52 stops. In, this way :the gas-.li.qu:i;d :Li;it€:lrf ace 

59 becdines stable near the upper ends Of th~ .~as-liquid.· . ·.. . : ·.·.·. . 

.. ·=" .... ·.. . .. · 

·exCharige grooves 58. Therefc;>re, it i~ ·possible t;o 

prevent the gas-liquid interface 59 ~roiit rising more .. ·· 

· 25 ·than necessary or from r~aching the upper end of the 

absorber containingch~b~r !52, which is caused·by 

f ortnation ·of ·~. a;ir path betwe~ 1::1:\e partition wall 54a 
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and the absorber 53 and which would lead to ink 

leakage. 

In the ink cartridge according to this embodiment, 

as described above, since the contact surface of the 

5 partition wall 54 with the absorber 53 is rendered 

hydrophilic, it is possible to perform a st~ble 

gas-liquid exchanging operation and feed ink stably. 

Further, the gas-li:quid exchanging operation can be 

stabilized even if there is a slight gap between the 

10 partition wall 54 and the absorber 53; therefore, it is 

scarcely required to make inanagement 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, 

15 thus permitting an efficient manufacture. 

(fourth Embo4iment) . 
. . . . 

As shown in :F'ig. t;, an ink jethea:dcartricj.SJ'e: 

containing a recording_liqUidcoiltainE:)r ·accord:(n~ to 

this embodiment comprises an ink jet head U;nit 160, a 

20 holder 150, a negative p:ressure control chamber unit 

100 cont:ainirig an absorb~r conta:l,ni:~ chanlber ·s2, and· 
. . . . : . . . 

ari ink t;ailk uriit 200. cont~ining a .l;iq~id storage 

chamber 51. The negative pressure d()ntroi . oh19.mber .. unit 

100 is fixed within the.holder 150 and the :ink jet head 

25 unit 160 is fixed to tbe und~rside of the· nega·ti ve 

pre~su:re control chaniber unit 100 •. '11h~J14;!gat~ve 

pressure control chamber unit 100_ ·is made up of a 

. i. 
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negative pressure control container 110 having an 

opening formed in an upper surface thereof, a negative 

pressure control chamber lid 120 attached to the upper 

surface of the negative pressure control container 110, 

5 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 ho.lder °ISO. A joint pipe 180 as a 

10 to-be-connected portion is formed in the negative 

pressure control container 110 on the side facing the 

ink tank unit 200 and is inserted and conQected into a 

joint port 230 of .the ink tank unit 200. The negative 

pressure control chamber unit 100 and the ink tank unit 

15 200 are co(istructed to that the ink present within the 

ink tank unit 200 is fed into t:he negative pi;-essure 

cont:roi.ehClmber. unit 100 through the connection between 
. . . 

the Jo:int p.f.p~ 180 and the joint: port 230. ID members 

170 for preventing an erroneous mounting of the irik 

20 tank unit 200 are.integrally projected from the 

negative pressure control container 110 o~ the side 

facingthe ink tank.unit 200 and at higher positions 

tnan the joint pipe 180. 

In the negative pressure control chamber lid 120 

25 is formed an atmosphere communication port 115 for 

communication between the interior of the negative 

pressure control container 110 and the outside air, 

I 
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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 

5 by ribs projecting from the negative pressure control 

chamber lid 120 on the side facing the absorber 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 

10 mechanism, which comprises a first val.ve frame 260a, a 

second valve frame 260b, a ·valve body 261, a val.ve l.id 

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

supported slidably within the second valve frame 260b 

and is urged toward the·f:Lrst valve frame 260a by the 

15 .urgiriQ 111entber 263. When the joint pipe 180 is not 

inserteQ. .. :into the .joint Port 230, an edge of the first 

-va;lve ~rame 26Qa_~siq9i portion of the valve Qody 261 is 

'' pu$ne4' by .·th~ ~irst VS;;i).te 'frart\~ 'Z60a' by 'the urging. 

force of the u.,~ging mEMliber 263, wh¢rel:>y the interior of . . . . . . . : . 

20 the iI).k tari.k unit. 200 is ~ep.t air~tight. 

.. . ,\fll.ep. the: joint pipE:l 18Q is. iP.se:tted, into the jo:tnt 

·~art 230 .<:lfui .the V'aive pody. 261 . .is ptished by the joint 

pipe ,1.~o and Jnoves aw~y from th~ first valve fame 260a, 
.· . . .. · . 

the . .i.nterior of the joint pipe 1ao'oommurticates with 

25 ·.the interior Qf tP.e :i.9k tank unit 200 through an 

qpen~I,lg formed in a.side face of.the secop.dvalve frame 
'· ' 

... 2i)Qb.; As a .. r~sul t:, · 'the. interior. of the ink 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 chamber unit 100. 

5 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 

10 

condition assiimes a state of communication only through 

the aforesaid opening. 

The ink tank unit 200 is composed of an ink 

container 201 and an ID member 250. The ID member is 

for preventing an erroneous mounting at the time of 

joining the ink tank unit 200 and the negative pressure 

c:ontro1 chamber unit 100 with each other. The ID 

15 member 250 is formed with the first v(!lve frame 260a, 

20 

and using the f:irst valve frame 260a th~e.is forljied a 

valve mechanism for cont;~.olling the flaw of :Lnk within 

.. the jo:Lnt port rl3d~ '!'his· va·Ive ··meohari1si.n :is.· brought 

into eJ.'1gag0rnent with the joint ,pipe 180 in the negative 

pressure ·Control Cbamb~r Unit l,.00 t.O ~ffect .. an opening .· 
. : : 

arid.cl9t;1in~·operation. 

B\Bll\ber·250 whidh si(ie. face~ th~riegati.ve pressu:re 

.corttroi·ohamber unit lOO·there are formed ID recesses 
.· . :· . . .· : 

252 for preventing an erroneo~s insertion of the ink 

25 tank unit 200. 

The .iaj( . cont~,ip.er 201 is C1 · ,genetal-ll' pris111atio 

hollow CQntainer: which.has a nega,tive 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 

5 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 

10 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 ID member 250 is joined to both housing 210 of 

15 the ink container 201 .and the inner.bag 220. .tn this 

case, the 1·0 member 250 is joined to the· 1nner bag 220 

by welding between a sealing su.rfr;ipe 102.Qf· the inner 

bag. at an ink outlet porti.on 6£ the inkcoriti!iiner:201 

and the corresponding surf ace of the; II> member 250 at 

20 the joint port 230 portion, whe+eby.thefe~d port 

portipn of the ink qontainer 201. ·is sealed . bompleteiy, 

sb th:at the leakage of ink from.thEs sealed portion 

between the ID member 250 .. and the i~ cantiiiner 201 is 

prevented at the time of mounti~g·or removal of the ink 

25 tank unit 200. 

When -t;he housing 210 and the I.D member 250 Cire t;o 

· .be joined togetl:).er, an engaging portion 210a formad 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 

5 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 

10 ejection orifice with a cap 5020. 

In the ink cartridge according to this embodiment, 

as described above, the liquid storage chamber 51 and 

the absorber containing chamber 52 are provided 

separately from each other and both are in 

15 .communication with each other through.the jo:Lnt p.ipe 

160; th:I,-ch.igh which p.ipe there is performed gas-liquid 

·.· ..• extib~p~e- ... 
. . 

... The -fol·lowing description is now provided about 

tJ:)e n\ovemelit ~£ ink between the ink t~ uni. t .· 200 .· and 

·. 20 the negative pressure control c;:hamber unit 100 • 
. ·. ... . . . . 

When. tbe i.nk tank unit 200 and the negative . 

· ·J?:r:'essure cont:r;-ol chamber. unit 100 are ·joined together 

~s in· ]rig. 9.A, the ink present· within the 1n)( con.t~iner 

·201 moves into• the negat;lve.pressure control.ch~er 

25· unit 100 until the internal pressure of the negative 

p:r,:essµre c.ontro~ . ci:l.amber Ulli t 100 aI').d that . of t:Qe .ink 

containel': 2()1 ·become equal. to·each other as iri·Fig. 9B 
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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 

5 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 

53 increase. 

When the amount of ink present within the negative 

10 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 i1111tlediately and instead the ink 

present within the·innerbag 220 moves into the 

15. µegat.ive pressure c):iamper unit 100. Thus, the aqsorber 

53maintains a J:l9&:lrly constant negative pressure 

against. the cliScilSrge . O~ ink whil.e retaipin~ the 

·· ga~.;;.;1.:Lqtiid• interface.. Whem all. of the ink present 

within.the i.nnerbag 220 has moved :Lnto the.negative 

20 pressure control chamber unit i()O through such a 
. ., . . . .. . . 

gas~liquid e~change co11dition, the ink remaining within 

the·negative presis\Jre control chamber un:i,t loo is 

· ... consumed. 
. . .· 

tn th:l..s embodiment, an inner surface of a joint 

25 pipe 61 has been subjected to a hydroph,ilization 

tre~tment to form a nydrOJ;>hiliz~c:l surface 70 as in Fig. 

7B. It is preferal:;)le that the hYcirophilization 
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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 

5 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 

10 ci:>nducted ef f ic:Lently from the liquid storage chamber 

51 into the absorber containing chamber 52. Besides, 

even if the joint pipe 61 is somewhat inali.ned upward 

toward the absorber containing chamber 52, it is 

possible to feed ink smoothly without causing ink 

~5 exhaust~on. 

In the ink cartridge according to this embodiment· 
.. . . . . . :·. . 

there is perform~d · g~s-<L:i~id ex¢ha~ge in·. such .a mEUlller 

that.·· air is ·introduced from th$ ~t>sor}.)er 6.onti:iin.i.hg · 

· .. ch~~r 52 into. the liquid storage· chal\\ber ·si throµgh 
. . .. · .. · ·: .. ····. . · .. 

20 the joint pipe 6:J. EJ~l1lul-t;aneous1y·l.i.ith th~ feed of :ink 

·from the. J.i.qu.id stor~ge eh~eJ:.· 51 .. into· the .absorber 
. . . .. . . . . . . .. . . . . .. . . . ... 

co11tain~llg ell.amber 52·· .through tile· joint pip~ 61. Iri 
. . . 

. thi,; connect:J;on, .if oP.iy ·a, lower s~rface· p~rtlo>:i of the 

joint pipe 61 ·is r~nd.ere~ hydr~Philic to. fo~m a 

· 25. · hydrophili,zed surface 71 as in Fig. BA, :f.nk is pa~~ed 

~lpng the_ l,oweJ: port:ton of the joint p~pe 6~ wpile .c:tir 

:i.S passed a1ong the up~e:C' portion C)f the joint P:i.~e 61, 
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whereby it is made possible to effect a stabler 

gas-liquid exchanging operation. 

As shown in Fig. SB, if the contact surface of the 

absorber containing chamber 52 with the absorber 53 is 

5 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 

surf ace of the absorber containing chamber 52 and the 

10 absorber 53, allowing the gas-liquid interface 59 to 

become stable near the upper end of the joint pipe 61. 

Thus, it is possible to prevent the gas-liquid 

interface 59 from rising more than necessary or from 

reaching the upper .end of the absorber containing 

15 chamber 52 which would cause ink leakage. In this way 

the gas~liquid exchanging operation can be stabilized 

to ensure a stable ·feed of ink~· 

Fig'. llD shows a state in ·wb;Lcli a w:t'lole area of 
. . 

the inner surface of the Joint pipe 61 (an area 

20 covering both upper and lower hydrophil1zed s11rf ace 

5001, 5002 in the· sectional view); a s11r:fape 5003 of . . . . . . . . -~ .. 

the inner wall of the absort>~rdontainirig chaint>er. 

located 8.bove the joint pipe, including gai;-iiquid 

exchange grooves (not sho~); (ind Ci SUJ:'~ace 5004 of the 

25 inner wall of the absorber containingcha,mber located 

below the joint pipe, are.renc:Iered 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. llE shows a modification of Fig. 110, in 

which four surf aces and a bottom surf ace of the inner 

5 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. llD, 

in addition to the whole area of the inner surface of 

10 

the joint pipe 61. 

In Fig. llE, like Fig. llD, the ab$orber contained 

in the absorber containing chamber 52 is not shown for 

preventing the illustration from becoming complicated. 

Fig. llF is a further modification of Fig. llD, ~n 

which the whole area of one inner wall surface of the 

15 absorber. contai.ning chamber 52 where the openi.ng qf the 

joint pipe 61 and gas-liquid exchange grooves (ne>t 

shown) are formed, is rendered hydropJ:iilic ;th additi.on 

to the whole inner surface area of the joint pipe 6L. 

F~rt:ber, a hydropbilized surface 5005 extending toward 

20 the ink feed port 51 m.ay be formed on tne bottom siae. 

Also in Figs. 110 cmd llF, the a,bsorber c::'ontained 

1.n the absorber containing ·chamber 52 is not shc:l-wn fo.r 

avoiding a compli.cated illustration. 

As.shown in Fig.llD,. since the :hydrophilized 

25 surface 5003 is formed' 'an the inner surface of the 

joint.pipe 61 which provides a COlllll\UDiCatiOn between 

the.liqu.id container and the absorber·containing 
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chamber and on the inner wa11 surf ace 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 

5 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 

10 61, and thus there is no fear of.careless formation of 

an air path. 

Besides, since the hydrophilized surface 5004 is 

formed continuol1sly to and below the inner surf ace of 

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

15 between '!;:be ab$orber and the lower inner ·wall surface 

pprtiqri~ .it is n,C:>t likely 1:ha,1: .. the air wbich ·has moved 

down· tJ:irou~l1 the . gas,-i~quid .· aj{bhan~e groo'.Ves will · 

.·fu~ther .$6ve:~:l.e>n9 th~ in~ef ~ail surface .. ·together .with 

the irik f:lowitig t()wj;i;rdtll.e irm·tee<i port 51 from the 

20 joii.nt Pj.i;>e •. ~1 part~culariy .when tbe ink is fed in a 

i.arQ'e·:fiqw~~te~ 

. ~i~.· :i.iE: sho\.Ts a mciqification of ~ig~ · 11nj · in 

.which. since both bOttcim ·. s~rface .·and irtµer · w~11 side 
. ' · .. ·. ·:.· ... ·:. 

·· faces · $11:rrC>unding tb.E! ;Lnk :feed port 131 are rendered 
·. : . . .. .· ... : 

25 hydrophilic, not qnly the same ef:fect as in.the example 

o~. F.~g. 1_11) if;=J obtain,e(l, but. also ;Ln tbe ink path from·. 
. , . 

the Join:t :~p:tpe 61 toward the ink feed port 51 within 

........ ··.· .. :· ... 

i 
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the absorber containing chamber the flow of ink near 

the wall surf ace 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 

5 flow resistance .• 

Fig. llF shows a modification in which a minimum 

required area of hydrophilization is used for obtaining 

the effect of Fig. llE. In comparison with Fig. llD or 

llE, the whole area of one inner wall surface in the 

10 absorber containing chamber is hydrophilized in 

·addition to the joint pipe :lnner surface, there accrues 

an advantage th~t the amount of the hyd:tophilizing 

solution to be adhered can be controlled more easily as 

·compared w:lth the example of Fig. llD in which it is a 

15 partial surface portion that i.s··treat:ed and the example 

of Fig. i1E in which it is plu;rai surfaces that are 

treated. 
. . .. . . 

F.igs~ ll,A to 11C show JllodificatJ;ons of 
. . . . . . . . . . . . . . . : . 

hydrophi.lization for the·absorbe:t contained in the 

20 absorber contain~ng qhamb~r 52, which modifications may 

becollibined.with Figs. ilD to.:ll:F which are 

mo~·ifications of hydrophilization ·for the absorb~r 

containing· chambE;lr 52 .desc;ribed above to ·g~t a des·ired 

25 

. ' . . 

effect. 

· More specifically, in Fig• llA, a whole area 

covering both upi;>e+ ... ~bsoX"ber ·.· 130 ~lld lower absor~er 1-40 

is a' hydrophil.ization area, wh1ch absorbers are 
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constituted by a polyolefin fibrous ink absorber as a 

negative pressure generating member. In Fig. llB, only 

one absorber 130 is contained in the negative pressure 

control container 110 and the whole area substantially 

5 below a horizontal interface 113c is rendered 

10 

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. llC shows an example in which only one 

absorber 130 is contained within the negative pressure 

control container 110 and the whole area substantially 

below a horizontal interface 130c is rendered 

hydrophilic. The interface 130c, which is a 

15 hydrophilization-nonhydrophilization interface, is. 

positioned neCi,r and above and the joint pipe 180 at a 

posture a~sumed in use. 
. . .. 

The examples shot.Jn iri F·igs. ii.A to 1:Lc can be 
. . . 

substituted as des;i.red fqr the negative {):fessu:re 

20 generating member (absorber) used ip the above. . . . 

embodiment.. . In F';i.g ~· . l lA; ·.when i:he abs()I;'bers 130 .and · 
. · .. 

140 as fibrous absorbe~s are viewed as Cl whole of a 

. · f_:ib:r:ous member, the absorber 14() i~ located on tb.e ink 
. . .. 

·feed port side and the absorber 130 is on th~ 

25 atmosphere communication J;>():r:'t side. It can be regarded 

.. that a partial ·.· hydl';'ophilization tr~atlllent is. applie4 to 

.the whol,e of . the absorber 140. 
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In all of Figs. llA to llC, 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 

5 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 

10 hydrophilization is performed with the foregoing 

treating solution, it is easy to keep the liquid level 

horizontal during suspension or stop of ink jet 

recording while ensuring an excellent ink feedability 

in a decreased flow resistance attained by a 

lq hydrophilic group. Thus, the ink retenti.on and 

distz-ibution are made extremely uni£.o:rin and therefpre 

it is possible to eilsure·a. ~table negat:Lvepres1:1ure.at 
. . ·. '. 

·pnce~ Particularly; in Fig .. ll;C, the fibrous.niemt>er 

can be constituted as a single member, wi"th consequent 

20 .. ·· reduction of cost as compared with the use of two 

25 

· .. · niell\bers, Bild there can be obtained an e.ffect based oil a 

.J:iydrophi.l.ip~hyd,rophob.:i..c int$rface although it may be . 

·· .. lmpossi))l,e to attain the same :eundtiqn as . the aforesaid 
. . . 

. ·. function based on the interface between two members .. 

. In·· F.ig. llB, the. absorber 130 is also 

byClrophilized, in which a satisfactocy i.nk absorbiµQ 
.··. . ... ·. ·. .· ·, .. 

. effect is obtained even against somepz-essure ch,ange 
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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. llA to llC the ink receiving 

5 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 absorbed. It goes without 

saying that all of the above descriptions related to 

10 gas-liquid exchange and fiber direction are applicable 

to all of Figs. llA to llC. 

The examples shown in Figs. llA to llF cover not 

only the effect of the embodiment illustrated in Figs. 

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

15 partia1 hydrophilization ~ccording to the present 

invention. 

The mode shown in Fi9 .. l1E 0a11.be obtaine,d easily 
. . ·.· ... 

by. inse:tting the absorber·oont~:l;ning cnamber ±n the 

direction of arrow i• a" in the figure into a liquid 

2() reseryoir contain:Lnga tr$ating solution, allowing it 
. . 

· to be dipped-. into the s.olution, and subsequen1: dryiilg 

as described above. Likewise, th.~mod,e shown in Fig. 

llF can be obtained by d.ipping the absorber eontaining 

chamber in .the.same.ciireotion (arrow· "P" direction) 

25 into the liquid reservoir. As to Fig. llD, the 

inserting direction may be same ("P" direction) as in 

Fig. llF, butas .. 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. 

5 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 

10 of replacing the liquid storage chamber 51 constituted 

as a separate member from the absorber containing 

chamber 52, it is possible to prevent ink from moving 

into the connection port 62 of the liquid storage 

chamber 51. Even if a sma11·amount of ink is conducted 

15 from the liquid storage chamber 51 into the connection 

port 62, it is possible tp conduct the ink from the·. 

connection port 62.into the. joint,pipe f)J,. by performing 
. ..• 

.. the replacing wor~ slo~ly. ·· That i~, it is possible to 
. . 

preveI)t unnecessary ink from reinaining in.the 

20 connection pox-t 62. ·Also as to the water-repelling 

treatment it is .. preferable.· thei.t the. "t;reatment be 

carried ~ut on. the bi:;i$il!;l of the·saine principle (to be 

de~cribed later) as tnat mentioned in the first 

25 

··embodiment.· 

A detailed descript:lon will be .. given below about 

the construction of· th.e f:lfth embod:lment which brings 

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 

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

15 

20 

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 in1c.holding cap!:lcity. 

Ink wnich is ;present. wi~hin. El nega'f:ive p:r.~ssrire co~trol 
. : . . . . . 

qhamber unit 100 :i,sfedto an i~ jet head u11:it 160 

·thr9ugh·an ink 1:eea.tube 165. 

The absorber 130 is in communication w.ith an 

atmosphere communicatio11 port 115, l1hile the absorber 
. . . 

140 is in close cont~ct· at its µpper sur~aqe with the 

absorber 130 and at its lower surface wi.th a filter 

161. A boundary surface 113c betw~en the absorbers 130 

25 .and 140 ~ts posit:loned high~r thar>. an upper end of a 

.·joint pipe iao 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 

5 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 boundary surface 113c between the 

absorbers 130 and 140 at a position above, preferably 

above and near (as in this embodiment), the j o.int pipe 

10 180 at a posture of the pipe in use, the ink-gas 

i.nterf ace in the absorbers 130 and 140 can be set to 

the boundary surface 113c in a gas-liquid exchanging 

operation which will be described l.ater. As a result, . 

it is possible to stabilize a static negative pressure 

15 i.n the head portion during the feed of ink. Moreover, 

by setting the capillary force of the aQsorber 140 

relatively higher than that of the absorber 1~0, if ink 

is prE:lsent in both absorbers 130 and.140; it becomes 

possible to have ~Ile. ·i.nk present ·in the upper absorber 

20 130 consumed first and the ink present in the lower 

absorber 140 co11sumed thereafter. In.the case where 

the ga_s..:;liquid interface varies due to an environmental 

change, first the absorber .140 and the vicinity of the 
. . . . 

boundary surface ·113c between the absorbers 130 and 140 

25 · are charged with ink and thereafter the ink advances 

into the absorber 130. 

In the polyolefin fiber ink absorbers as negative . 
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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 

5 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 wi~h the 

feed port 131, as indicated with oblique lines in Fig. 

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

·10 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 fo;rmed with the 

feed port 131. Or a hydrophilized area may be present 

at as.· short a distance as possible so as to. describe an 

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

fe~d port 131. ()r ·the boundary line 113c between.the 

absorl;>~rs tao and 1:4Q' may be set to match the. height 

··about half C)f the op~nin~ of the jo;int pipe 180 an(l the' 

whol~ ·of the abs(>rbel:-140-may be rt;mdered hydrophilic. 
. . . . 

20 Stich example$ of·hydrophilized areas are also 

25 

. ~ppl:l,g~ble to the ~b~orb~r in the ii.quid cont.ainer 
. . . . . . . . . . . . 

.. 

ciescril;>ed abqve i11 the.thirQ..and fourth embodiments 

' ill.u~trated in Figs. ·. 5A, 5B, 6, 7A to 70, BA, BB, 9A to 

9D, 10,. and tiA to llF. 

According to the above examples, even in the event 

in ~as-li.quid exchari,ge operation· the liquid level of 

tlle:upper absorber 130 is disoI;"dered ~nd 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 (oblique lines' area in the 

figure) is prevented. To be more specific, air (e.g., 

5 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 

10 

gas-liquid exchanging operation is effected. 

Besides, since the vicinity of the iilk feed port 

131 is rendered hydrophilic, ink tries to be present 

al.ways around the ink feed port, so that ink shortage 

is difficul. t to occur also in the ink feed por_t 131. 

Further, upon replacement with a new ink container 

15 201, the hydrophil.ized area of the ab$orber 140 induces 

ink positi:vely, so that the recovery- of the head by 
both cap 5020 anc1 suctiolf means_ ?0.10 dar) be Cione 

·. ·. r~p·id,ly; Desi.de$, . the $DO~nt of iQk n~oessciry :~Or the . 

recqve.ry of the b~~d can be controlled in terms of the 

20· size of the.hydrophiliz~d area. 
~. . .· . 

In the ex~mpies· shQWI) iii Figs!'·.· SA, sa, ·. 6, 7A, 7a, . . ... ·.·· : . . 

BA, as, 9A to 90~ 1.0, llA tcr llF and 12, the height of 

tneh:ydrqphi.lizec.1 area :Which is ln 09ntc;tot with the 
. . ., .· .· . .. . 

opening of th~ joiilt pipe 180 is not limited to the 

25 illustrated position,· but·may be set to an optimwn 

height near the·pipe.opening_whidh height permits the 

execution of a stable gas,;..1iq~id exchangiriQ' operat:LC)n ~ 
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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 

5 an air path in gas-liquid exchange. 

In this embodiment, moreover, since the joint pipe 

inner surf ace 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 

10 present in the connection port is conducted more 

15 

positively into the joint pipe at th~ time of 

replacement of the liquid containing chamber. 

(Supplementary explanation on the surface 

modifying method) 

Reference will be made below to a desirable 

element surface modifying 111ethod which is applied to 

the hyd:r;Ophilization treatnie11t an~ wc:ite_r~:r;epelling ' .. . . .. . . . . . . : 

trea.tment iri the. p:t:esent ;inventitjll. 

According to the following surface niodi!ying 

20 method, by utiiizi~g functional, groups_<:)f molecules 

contained ·.in the material, which constitutes an eiem:en.t 

EIUrface, a polymer (or f:t$,9D1ente.d products thereof) is 

allowed to be specifically priented ~nd ad}1.ered onto 

the ~lament surf ace and a property of the:! groups 

25 contained in the polymer (or fragmented products 

thereof) is imparted to the element surface, thereby 

perinitting a desired.surface modification. 
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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 

5 the exterior. In its interior there may be present a 

void or cavity portion including a portion 

communicating with the exterior, or a hollow portion. 

An inner surface (inner wall surface} as a partition of 

those portions may also be a partial surf ace to be 

10 subjected to the surface modifying treatment according 

to the present invention. As the hollow portion is 

included one having an inner defining surf ace and being 

a space completely isolated from the exterior. Before 

the modifica-tion treatment, the surface treating 

15 solut:i.on may be applied into the hollow portion. Thus, 

insofar as the hollow portion becomes isolated from the 

exterior after the ~odification_treatment, it may be 

subjected to tpe treatlilent according tc:> the present 

invention. 

20 Thus, the surface modifying met~od accord:i.ng to 

the present i,nvention is applied to a surface with 

•· which '(:he liquid s1:1rf ace treating solutiQn .from outside. 

C!!n be brought int() contact without impairing the 

·. element shape out of all the surfaces of the e1em$nt 

. 25 concerned. Either an outer surface of the element or 

an inner surface connected thereto, or both, are 

regarded as the partial surf aces as ref erred 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 surf ace of an element and an inner 

5 surf ace 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 

10 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 

ref erred to herein is meant a partial scissioning of a 

15 polymer or is meant a monomer as it is. When viewed 

from the standpoint of emboQ,iments, it covers. all of. 

eiidl<::>di~en:ts in which .a· P()lymer ;Ls cleaved with a 

.· · C,l~avage catal,yst: SUc)i a,s an aCfd. The "fo:r;lnation of a 

·. p()I.ymer. film'' as re£e.t-red to nerein includes a 

20 .. substantial film forlii,ation or diffei:-ent orientations of 
. . . 

·various j>ortions with.respect to a two-di~ensional 

sQ:rface. 

The "polymer" as re:fe:r:i:ed to herein indiqates a 

:Polymer havitig. a firs1;:.l1loi(:!tY pontaining a.functional 

· .25 group and a second moiety having an interfacial energy 

different from an interfacial energy of the functional 

group, and al.most equal. :t::o a surface energy of the 

.. · .. 
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element to which the polymer is to be adhered. It is 

preferred that the polymer be different from the 

constituent material of the element surface referred to 

above. Therefore, according to the constituent 

5· material of an element to be surface-modified, a 

suitable polymer may be selected from among polymers 

each having an interf acial energy almost equal to a 

surface energy of the element surface. More 

preferably, the polymer should be capable of being 

10 cleaved and capable of being condensed after the 

cleavage. The polymer may have functional groups other 

than in the first and second moieties, but in this 

case, with the hydrophilization treatment as an 

example, it is preferable that the hydrophilic groups 

15 as f'!lrictional groups ~e relatively long-chained with 

20 

·respect to the other fu,nctiona! grpups whi.ch are 

rel8,tively hydrot,>hobic wi1:;h.respeqt•to the hyd:r::oph:Llic 

.. groups ~ ... . . 

[Principle :Of ·the sµrfaoe Jil()dification] 
; . . . . ·.· . 

. .·. . 

The surface.modif;icat:l.on for an element.according 

to the present inven~:i.onis E:)ffected by ut:i.liz:ing a 

polymer.:in wh~¢h a 'mail). .s~el~tbn (a generic terin .for 
' .·, : ··. . ·. ·: . .· 

.. backbone and pendant g-r(>ups, a's well . as a clus;ter ()f 

groups) having aii ;~tertac:i.a1 energy almost equal to a 

25 surface ( interfacial) energy pf the element surface 

(base surface) ·. and a groµp having an i;nterfacial energy 

dift"erent .from the element surface. ( interfa,cial) 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 

5 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 

10 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 

15 repeating·unit included i,n the main ske.leton. 

It is Fig. 13A and 13B that schematically shows a 

typical example O'# such an orientatiqn' form. In the 

ex~ple shown in Fig• 13A tnere i.s use4 a polymer in . 

·which first groups l;;.l and secorid group·s. 1-2 are bonde~ .· 

20 as pendant groups to a niaih.dhain 1.;;3. In ·the example 

shOWn in Fig. 13B, second g;oups i7~ gonstitute a main 

chain 1-3 and second groups 1-2 constitute s,id~ cbain.s. 

According to the or:i,,entation.shown in Figs •. 13A 
. . . . ~ . . 

and 13B, on ·.the buteZ:most surface of a . b~se 6 which 

25 constitutes an elein~nt surface to be modified 'there are 

oriented groups 1-1 having an interfacial energy 

different from a surface (interfacial) energy of th.e 
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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 

5 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 

10 modification, and if the surf ace of the base 6 is 

hydrophobic and the first groups 1-1 are hydrophilic, a 

hydrophilic nature is imparted to the surf ace of the 

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

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

15 ·.· example in the case of utilizing a polysiloxane which 

will be .·described later, it is presumed that such a 

·· stat.e as shown in Fig. 33· exists· ()n the surface of the 

.·base 6. In this state, by adjUst.ing the balanqe 

between hydrophilic groups and hyd;rophop:i.c groups on 

20 the surface of the base 6 after modification, it is 

also mad.a poss:tbie to control the state of passage or 
. . . . ' 

the flow rate dur±tjQ'.Passage if water or an aq11eo\ls 

liquid consist:i.ng P.;;i.ncipally .of water passes through 

the $ur:face·of the base after modification. Fu,rther, 

25 by disposing, say, a polyolefin fibrous member having 

such .a modified surf ace as an OJiter wall surf ace into 

an ink tank integral with 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 

5 ensure an appropriate· ink interface (meniscus) position 

in the vicinity of the ink ejection orifice in the 

recording head just after ink ejection. Consequently, 

;Lt becomes possible to afford a state that a positive 

negative pressure is higher than a dynamic negative 

10. pressure, the said state being best suited to the 

negative pressure generating member which holds ink to 

be fed to the ink jet recording head. 

Particularly, in the fiber surface structure shown 

in Fig. 33, the hydrophilic groups 1-1, because of 

15 high-mqlecular groups, are longer than pendant methyl 

group$ (hydrophobic groups) on the same side. 

TJ;l~re:fore; wl1,en .ink flows, the hydrC)J;>hilic groups 1-1 
. . : . 

t:tl.t ~long tha · t:J.:l)er surf Ci~ · ~~lat:ive to the :Lrik flow 

velocity. (~t the. same time th,e hyd;rophilic groups 

20 come to substaptiaily .. cover tne methyl groups). As a 
.· .. · . . . . 

re~uit, ·tile· flow :res±$tarice be¢omes consid~rably low. 

Convers~ly, whert t~e i~ f°low stops and ·a nteniscus is 

form~d . b~tweeri fibers, ·the hydrophilic g.roups 1-1 are 

. oriented in a direotlon a.gainst the ink, i.e~, 

25 pe:rpendicularly to the fiber surface, so that (because 

of exposur~ of the methyl.groups otito the fiber . . . 

. . ·• ·. su·rface) ther~ is ;armed a. hydrophilic (large) -
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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 

5 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 1-1 can be 

ensured. In the case where a hydrophobic group other 

than.methyl group.is contained in the polymer, it is 

10 preferred that the hydrophilic groups be at a higher. 

molecular level so that the existence range of the 

hydrophilic groups is larger than that of the 

hydropnobic groups. The foregoing hydrophilicity > 

hydrophobicity balance should be ensur~d. 

A static negative pressµre in the irik feed port is 

repreE:;entedby the foi19w:Lng eqµation: 

St~1:;iq negat;Lv~ p~~~sµ.r~· "'.'. ( he~ght of. atj ink 
.. . . 

· interf~ce f:['oJ1l t9f3: ~~ :fe~a· port) . (c~j;>~1lary forqe of 

f·~bers .at the 1ilk :i.ntei-£ace) 
.. · .. :· .. 

20 The capillary ··force fE:; pro~ort·ional to cos G if a 
. . . .. ~· .. 

wet C()Iltact angl~ l:>e1?:weenf.riJc·andthe.fib'rotis member .is 
.·. . 

·. assum$d to .be 9. T.h~s i a6cordiri.g to wh~ther th~ 

·. hydroph:llizatioll · trea~ment ... ~f . th~ Jnve?lt:i.()n is 
. . . . . : . 

' perform~d' or n6t, it bee6mes possible to n\ake '' .. · .. · . . . ·... . : . . 

25 adjustment so t):}at·a $tatfq n~gative pressure of ink is 

set rather low; . or rather high in .. terms Of an absolute 
.·:·.· ... ': . 

····.''. 

value, if. a.,.·. change ii). Cos a qf the ink is la:c:ge. 
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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 mo.st even if the hydrophilization 

treatment is performed, but if the contact angle is 

5 decreased to below 10° by the hydrophilization 

10 

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° e 1.02, cOS 1Q 0 jcos 50° e 1.5) 

Now, in connection with a concrete method for 

manufacturing an element having such a modified surf ace 

as shown in Fig. 13A and 13B, a descr:i.ption will now be 

given of a method using an :improver which is a good 

solvent for the polymer used in the surface 

15 modif:i.cation and whic~ improves the wettability of the 

treating agent for the base as an.· eiemerit to be 

surface-modified •. A.ccor~:i.ng to th±.s method, a treating 

solution (a surface. mo~ifying s61tit.;i.(lh) t in Wh;l.CJ:l t}"le 
. . '. .. '. ·. . ·.. . ': . . . . . 

polymer as the surfac~ ntoclif ier is dissqlved .. 

20 homogeneously, is applied onto as\lrface of the base 

. and then the ··polymer as the surface modifier contained · 
. . . . . . . 

~n the treatingsolutio;n is orientecl,as descri.bed above 

while the .. solvent co;ntained in the solution ;i.s removed• 

More·specifi.cally; the method cc>ll\prises the steps 

.25 of preparing a solution (a surface treating solution 

preferably containing pure water in the case of 

functional groups being hydropbilic·gl:-oups) with 
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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, 

5 applying the surf ace 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 

10 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 

15 liquid layer when t~e polymer becomes higher in its 

concentration with evaporation of the solvent. 

:Besides, since the surface .. treating solut4qn. is 
. . - . . . 

sufficiently wettabl~ for the ba$e surfao~, · tile pp~yiiler ·. 

as the surf ace modifier can be spread unif ormiy onto 

·20 · the base surface, with the result that a uniform 

polymer coating can be formed ~ven on a surface having 

a complicated shape. 

In the surf ace treating solut;lon the;re mCiy be 

contained, in addition to.the first solvent which is 

25 volatile and wettable for the base surf ace and which is 
. . 

a good solvent for the pqlymer, ·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 

5 water as will be described later in the case of using a 

polyolef in resin as the material of the base surf ace 

and a .polyoxyalkylene-polydimethylsiloxane as the 

polymer. 

It is presumed that the addition of an acid as a 

10 cleavage catalyst into the surface treating solution 

will bring about the following effects. For example, 

upon increase in concentration of an ·acid component 

with material evaporation in the course of evaporation 

·and drying of the surface treating solution, the acid 

15 of a high concentration involving heat causes a partial 

decomposi.1:ioll ( cie.avage) for the pol.ymer used £or 
. . . 

surface inpdifi,0ation to afford fragmented products of 

ti;ie.polym~r~ thus·making.politmer orientation to finer 

portions o~ the base sur:face possible. MoreoveI;-, in· 

20. the final stage.of drying and evaporation the formation 

25 

. . 

of a polymer ~;i.l~ (po],ymer coating or monomolecul~r 

filin} is accelerated .. throµgh re;...combination of cleaved .. 

moieties .. of 1:1le· :Polymer in~o the surface-modifying 

polymer. 

~rther, ·.when the co11centration of the acid 

component i~creases with solvent evaporation in the 
. . 

.cour$e of drying and evaporation of the surface 
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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 

5 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 involving heat and 

10 there appear active points on the same surface, so that 

there may occur a secondary chem:i.cal reaction in which 

the active poi.nts and the above fragmented products of 

the polymer are joi.ned together. As the case may be, 

the adhesion stabi.lity of the surface modi.fier on the 

15 surface may be improved by such a secondary chemical 

adsorption of the surface modifier .and the base. 

·Next1 witli rE!ferenc~ tq f'igs;. 14, 15, i6~, 16B, 17 
. . . . . . . . ·. 

-to ·20 and w.tth th,e case where the ~unctiona:i. group is a 

hl'drophiiic gr6up anci a h)i'drophilic natu~e is imparted· 

·20 to. a hydroJ?hopicbase surface as an example., a 

ciescription. ·will _ be- ci.irected to a l)Olymer f ilni forni:ing 

prqcess· by .bo.th __ cleavag~ of· a ma:in s~eieton of the 

- surfa¢e modifie:C" {contai11ing a nrdrqphilic treating 

solution) having a surface energy almost equal; to a 

25 surf ace energy qf the pase and condensation of 

fragmented products pn the base surface. The 
- -

hydropbil-ic groµp indic_ates a group -having a structure 



- 77 -

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 

5 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 

10 homogeneously in the solution on the surf ace of the 

base 6. Fig. 15 is an 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 

15 evaporation of the solvent, with consequent elimination 

of impurities present· cm and near the surface of the 

base 6,· and a pure base su;rf'.ace is formed by.the base 
. . . .. . .. 

surfiice. cleaning a¢tion,:. w11ereby. a physical 

· adsorpti vi ty of . the base 6· and tha.t of the surface 
. . . ., 

20 modifying polymers Pl to P4 are improved. In this 

25 

drying pro6ess, moreover,· the hydrophil,.i2iing·polymer 

moieties ·;p1 to ·p4 are partially cleaved·· by an increase 

in concentration of the acid compone11t which is 

attributable· to sol verit. evaporation. · 

Figs. l.6A and 16B scll.ematioally spow in what 

manner the pOl:YJller liloiet¥ Pl is decomposed, by the 
·. . . . . 

concentrated ac;:id 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 

5 agent which has reached a dissolving saturation, having 

a surf ace 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 1-1 contained in the surface modifier 

10 and having a surf ace energy different from that of the 

base 6 are oriented outside with respect to the base 6. 

Thus, the main skeleton portions having an 

interf acial energy almost equal to that of the surf ace 

of the base 6 are oriented on the base surf ace and the 

15 gr.cups 1-1 having a surface energy diffe~ent from that 

of the base 6 are oriented outside oppos~te to the base 

surface; so that a hydrophilic nature .. is imparted to 

:the flur.faCe Of tJ:ie base 6 if the g'rol1ps 1-1 are 

hydrophiiic gi;'OUpS, and th\lS the base surface is 

20 modif.ied. Fig. 18 schematically illustrates an 

adsorbed state of th,e hydrophilizing agent and the base 

surf c:ice after the appli.cc:ition of the hydropJ:iilizing 

solution and subsequent arying. 
. . 

:Sy using as the polymer:, for ~xample, a polymer 

25 suc:h as polysiloxane in which fragmented products from 

the polymer can be bonded at least partial~y by 
~ .· 

·. condensation, it is possible to allow a linkage 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 schematically illustrates a 

5 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 

10 solution on the surface to be treated, the 

concentration of the dilute acid contained in the 

surf ace treating agent increases and the 

thus-concentrated acid (e.g., H2S04 ) causes the siloxane 

bond in the polysiloxane to be cleaved, resulting in 

15 formation of fragmented products of the polysiloxane 

and silyl$ulfµric aqid (Scheme 1). As the treating 

solutio11 present on the · sµrface to be trea:t;:ed is 
·. ·. . : .· 

further' dI;1ed·~. the. qon.p.entta"t:ioP. of tJ;l~ fragmented 

products c()ntained. in the_ .. tieating sc)lJ,Jtion also 

20 .tncreases, with consequent improvement in the contact 

proba~:llity b~~ween :fJ:a,gJtiel)ted product!:?• . As .a reS\1,1 t, 

as shown ·in Schellle ·2 ·· be.l,Qw,·· fragmei}ted prpducts are 

condense¢!. . wt th .·each otner to· :re.;produce. th~ silo~ane 

bona.. A:Lso as to 1:he silyist:t;Lfurj_¢ acid as a . · 

.. 25 by-product, if the. su.x:-ta.ce to be t:r:eate~ is 

hydrophobic, methyi groups of ~he :siltlsulfuric~c±d 
.·are brf"erti:ed tciwara' ~~e .tb~pe~trea"l:;ed SUJtf<?-Oe~ tlbile 
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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 

/ 
CHa CHa .CHa 
I I I . 

CHs-Si-O-Si-0-Si-CHa 
I . t I 
CHa R CHa 

CHa CHa t . I . 
CHa-:S i -,.Q-,.S i -'OH . I ~ . . 

CHs R 
Fragmented products 
of polysiloxane 

+ 

Heat 

CH a I ... 
HSO.c-S i·~CHa·· . I 

CH a 

Silylsulfuric-acid 

sohenie.i 

Clia .>CHa· C!Ha CH--8 .. (;· .. ·· . CHa ) 

· Caa-~i-~f ;i~· ~~J..0 '* i..c:Ra. 2.··.····.11so_.·· .•. -.sc·.:H1 3ck~ .· · 
CHi B · R · :C!ff:8 

·Fraggie11ted ·prodtidt~ ..• Ffaglne~ted ~roducts Silylsui:furic . acid 
.of . pol:Ysilpxane . . · · ·o,f · pa:J.ysiloxane · · 

.· ., : ..... ·· .. =_ .. . ·... .: . 

CH a 

.. .. . 'l : . . . ·. f< . ·: .•. ; l . . .. . • J . . ·. . •. . . . . . . . . . . , . . . . . ·. . . . 
CHa R .lt C}{a. · · .. · CHa · · . 

. . . . . . ·'· . : ·' ... '.: •• ~ =.'-: ... 
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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 

5 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 

10 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 surf ace tension of the treating solut~on. As a 

result, there pccurs a difference in surface energy at 

15 ·the interface between the to-be-treated surface of.the 

base 6 and the treating solution, and portions of the 

fragmented prod~cts Pla-P4b from the hydrqphilizing 

polym~r; which portions have a.stJ:rface energy almost 

equai•to that of the to-be•treated surface of the base 

20 6, are·oriented on the base surface side at .the 

interface betw$en the base surface and the treating 

solution (a 11Ydtous layer 12) with an enhanced water 

concentration by evaporca;tiQn. On the 0th.er hand, the~ 

hydrophilic group-eonta,ining ··portion$ of the fl::'agntented 

25 prod1Jctsi from the polymer are orieiited cm the hydrous 
·• 

layer 12 side wheretl1e wat~r concentration has been. 

~nh~n~ed byeva~o~~tionq:f the orgart;J.csolvent. As a 
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result, it is presumed that a predetermined 

orientability of the polymer fragmented products will 

be further improved. 

The present invention is concerned with such 

5 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 

10 treatment is applied to their inner surfaces. In the 

element surf ace 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 

15 characteristics and types of polymer functional groups. 

Reference will be made below to several examples. 

(1) In case of the functional 9rbup being a· 

hydi'ophilj_q group: 

An element to he treated is one· which requires 

20 absorbabil.ity such as an ink absorber used in an i,nk 
.· . . 

jet system (the foregoing eiilbodiment.s are appl.icable . to 

the case· w):iere·ol.efiil fibers are included). ay the 

surf ace modifying method according tC> the present 

invention it i$·pc)s:gi;ble to impar~ such a hydrophilic 

25 nature as permits instantaneous absorption of.ink 

(e.g~, such a water-based ink as referred to in tJ:le 

above embodiments) to the el.ement 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 

5 lipophilic group: 

10 

By the surf ace 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. 

Particula_rly, if there is used a treating agent 

containing a wettability improver (e.g., isopropyl 

15 alcohol (IPA)) capable of improving wettability for an 

element $\ir-face. and capable of improving wettability 

·which Pf:!:rrilits dissolvingof a polymer, a medium for . . .. 

. ind'(lcing···pC>iY111er -6).eavage, and a _polYJller conta_ining any 

of th' for~gding ~U.JJ.ctional groups·and a Q'roup_(or ·a 

20 . cl,.uste_r of group$) having an interfacial energy 
. . . 

"different £~111 tha~ of the functional group and almdst .. . . 

_equal to a .pa:ttia1 surt"e.oe energy of the e:J;ement 
. . 

surf9:ce, there cal) be att$ined .·a particularly excellent 

s11rfc;t.ce mod~fi6atic>Ii effect by ··cond,erisat.t9n after the 
. .. 

· ·. 25 . cleavage'.' It ·is· possible to ensure such uniformity and 
. . . . . 

·characteristics as have heretofore been unf:lttainable •. 
. . . 

. The prOPS;~Y superior . in. wettabili ty for the 
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contained liquid is here.in designated "lyophilic 

nature. 11 

Reference will now be made to a supplemental 

concept of the present invention. A neutralizer (e.g., 

5 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 

10 neutral.izer and other additives in .ink and this problem 

can be solved if the polymer film defined in the 

invention is formed. Thus, according to the surface 

modifying method described above, not only the 

appl.ication range of neutralizer.and other additives 

15 can b.e expanded and it is possible to prevent a change 

in characteristics ()f Jnk itself, ~ut also a chatige in 
. . . 

cha:r:.,.ct~ri$tics .·of .t~e irik ·jet. heaq i 1;.$el:f can be· 

prev~J:J.t~ti.. · 
- . 

An exampi~ . of. a process cha:rtt. in tile manufacture 

20 of the$e vario.p$ products is snowrt. in Fig. 32. At the 

be~~~irig qf .matj.~~.~(?tu:r:e • ($1) · J)ot}). e1em~t ~nd trel;lting .· 

_$01u,~1on are t>~(jv:i.ded., th~ tJ:i~:r:e are carried · out a 

treat:l.ng ~o.i\lt:i.Qn i;ipplication stf:!p of apI>tfi~g a 

· t~eating · solu"t;ion to a sQr:face <a to~be~modified 
25 · surf ace l o~ the·. elememt '( 82) , a sµrplus · por,tion removal 

step of retnoving c:J. surplusl)ortion from tbe surfc:ice to 

be mo.difi~d·· · ( 83 ),,·a ·treating soluti~n concentrating and 

. ·: . ;~. . . 
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evaporation step for the cleavage of a polymer and 

orientation of fragmented products on the surface to be 

modified (S4), and a polymer condensation step for 

bonding between fragmented products into the polymer 

5 (SS). 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 

10 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 polysiloxane having a 

hydrophilic group for modifying a polyolef in resin 

15 surface together with water, an acid, and an organic 

20 

solvent (say, isopropyl alcohol), and may be 2 hours or 

SO in the use Of a 40 wt% aqueO\.lS isopropyl alcohol 

sol.ution.. . . The·· d:r:yi.~g treatment timE! can· .·be · shortened 

by decreasing.the·water content. 

Although in the example shown in Fig. 32 

fraglllented products of the polymer are formed on the 

toC"be ... modif ied surf ace of -t:he element;~ a ·treating 

solution already c:ontaining such fragm$lted products .. 

may be fed onto the to-be-modffied surface of the . 

25 elementand orientation may be allowed to take place. 

For example, as noted earlier, the treating 

solution employable in the invention. 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 

5 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 surf ace to 

10 be modified. 

[Principle Application Example 1] 

Description is now directed to an example in which 

the above principle of surf ace hydrophilization is 

applied to a polypropyl~e-polyethylene fibrous member. 

15 For example, an actual polypropylene~polyethylene 

fibrous member is in a lumpy shape of combined fibers 

which shape perinits the fibrous member to be us~d as an 

ink ab~orber for holding ink. For example, as sho.wn in 

Fig. 21A, a fibro1:1s member 23 which functions as an 

20 absorbing and holding member.for various liquids, 

inoludin9. ink, is received at a predetermined 

o;rientation into a container 21 of a suitable shape 

having a,n opening 25 which is ope~ to the atmosphere, 

and thus the fibrous.member can be used as a liquid 

25 holding container. Further,. such an ink absorber is 

suitably employable within an ink tank used in an ink 

jet recording apparatus. Particularly, as will 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 

5 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 

10 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 

·inconvenience.can be offset at the time of insertion of 

15 the f-ibrous absorber into the tank. 

The•· :fibrous . absorber is constituted by a biaxial 

fj;)Jrotis mE:lillberi;>f polypropylene and polyethylene, in 

which indivic1ual·. t.~hers ax;e approximately 60 mm l.ong. 

· 'l'his b±a11;ial fibrous member, as il.l.ustrated its 

20 sectforial·shape in Fig.· 22A, has a generfilly circul.ar . .· 
: . . . . 

(c~qse,cl x;ing~li.]{~) ·external. :fo:pn (outer periph~ry ··. . '· . . . .· ... . . . 

sJ:>.ape} i:na sect.ion thereof perpendicul.ar to the axis, 

·inwhl<Jhpolyprppyl~p.e fibers_ relatively high in 

·· melting point ~te · used as a core. 23b and . polyethylene 

25 . fi.bers· relativel.y low in melting point are disposed as 

a sheatb 23a a;rc:>und the core. f?nort fibers of such a 
··:.·. . ' ·. 

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 

5 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. 

10 21C, since the fibers are aligned by the carding 

machine, the fibers are continuously arranged mainly in 

a longitudinal direction (Fl) and are partially 

contacted with each other. Heating induces 

fusion-bonding of adjacent· fibers at each of such 

15 contact points (interseqting points) to form a net 

structure ... Thi.s net structure.afforqs a·mechanical 

elastic± ty :i,n a · di:(ec:tion (F'2 ) orthogonal · to the 

. iorisitu(l~~~l. ·• ~i:r:ep~l9rl (FlJ. • Accpi:dl,ngiy~ .. a tensile 

strength i~ the ion{:)'i.'ttidJ.nai d.:t,,rect~on (Fi)· shown. ill 

· 20 Fig. 21B increases, wh~reas a tensi:ie sttength·in the 
. : . :· .. ·. 

Pe;rpenci;t_¢ular ditecrt;L(>n (F2) . .is P.o()r, but a restoring 
. . 

· forcie is ehsur$d· aga:J.nst: a d~pressed deformation. . ·. . . . . . . . 

A lbqkat this fib:c:q'4~ strupt:u~e ip. mqre.detail 
~- . . . . . ·. 

$hqws that, as illtist:r:~-t;~ci lD. Fig. 21Ci fndividual 

25 f.;Lbers·are crilllped.and t):\at a complicated ~et structure 
. ·. 

i.~ formed and :t;usion..-bC;hding occurs between adjacent . . 

fibers. P~;rt o:f· t~e crim~ed fibers face in the 



- 89 -

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 

5 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 

10 (Fl), so if the fibrous structure is dipped in liquid, 

the interior fluidity and holdab:i.lity in a stationary 

state are distinctly.different between the fiber 

arranged direction (Fl) and the d:i.rection (F2) 

perpendicular thereto. 

15 Since in this.example the element to be 

surface-modif.ied is the fibrous structure whose liquid 

holdability is hi9her than that·e>f Cin ele01er>,t h~ying_ 

flat sur:fac~s, :there was used a treatingsC>lutiop. 9f 

the following coi:npositiori: 
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[Table 2] 

Table 2 Composition of a fibrous member hydrophilizing 

solution 

Component Composition 
(wt%) 

(Polyoxyalkylene)-pply(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 

15 (Fig. 23B). At this t_ime, the treating solution is 

held in gaps of the fibrous absorber. Thereafter~ the 

fibrous absorb~r was depressed (Fig. 23C) to remove a 

surplus po;ttion of the·. treating sol\ltion 28. held :in 

gaps·of fibers 23A. When the f.i;brous absorber 24 is 

20 taken out from holding jig$ 27 $uch as wire netEl, it 

reverts· to its orig;J.nal $hape (Fig. 24A) with_ a. liquid 

layer 28A fortned on ~iber $Urfaces. Th,e fibrous 

absorber with wet fiber surfaces was dried in a 60°C 

oven 29 for 1 hour (Fig. 2413). In thif:J way it is 

25 possible to obtain a fibrous absorber 24 with a 

hydraphilized layer 28B formed on surfaces of·the 

fibers 23~. ·· Figi:;;. Z3D to 23F ar~ pa.rtially Emlarged 

views of Figs. 23A to 23C, respectively; and -F.i.gs,. 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 

5 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 

10 Table 2 exclu~ive of 

(polyoxyalkylene)-poly(dimethylsiloxane). Further, an 

untreated PP-PE f i"brous absorber was used as Reference 

Example 1. 

In the above Principle Application Example 1, the 

15 amount of the hydrophilizing solution applied to the 

whole ~f the PP-PE fibrous absorber by the above 

application methqd is 0.3 to 0.5.g relative to 0.5 g of 

the fibrous absorber. Also in comparat:l.ve Example 1 

the amount of the solution appiied is the same as 1.n 

20 the Principle Application Example 1. 

The fibrous absorbers thus treated were then 

checked £or surface-treated conditions in the following 

manner, .the results of which are as set -forth below. 

(1) Hydrophilicity evaluating method for pp..;pE 

25 fibrous absorber 

a) Pure water dropping evaluaticm using a squirt 

Using a squirt, pure water was dropped into each 
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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 

5 Reference Example 1, and the degree of pur~ 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 wat.er, then the 

10 .PP-PE fibrous absorber of Principle Application Example 

15 

1, the PP-PE fibrous absorber of Comparative Example 1, 

and the untreated PP-PE fibrous absorber of Reference 

Example 1 were each put slowly into the container and 

checked for the degree of pure water permeation. 

(2) Results of the hydrophilicity evaluation on 

PP-PE ;f ibrpus abso:r:bers 
' . 

·. a) Resul tel Of the pµre water· dtopping evaluation 

using a sgtiirt 

Wh~n pure water was dropped from above.to the 

20 PP-PE fibrous absorber of Principle Appl.ication Example 

1 b:Y.mea.ns <>fasqu:Lrt~ the pure water soaked into the 

fibrous ab$orber in an. instant·. 

l:n contri:i$.t tperewith, when pure water was dr()pped 

from'above·to each ()f the.PP-PE fibto\ls absorber Of 

25 Comparative Example 1 and the .untreated PP-PE fibrous 

absorber of Referenqe Example l, the pure water did not 

soak i.ri.to 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 

5 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 

10 24A to 24F possesses a hydrophilic nature. 

On the other hand, wJ:ien the PP-PE f:i..brous absorber 

Of Comparative Example 1 and the untreated PP-PE 

fibrous absorber of Reference Example 1 were put slowly 

:i..nto the pure wate~-filled container, both f:i..brous 

15 absorbers completely floated on the pure water. -Even 

after the lapse of ti.me both fibrous absorbers di.d not 

absorb wct.t~r, thus clearing proving that they ~re . 
. · . ·. 

water-repellent~ ·. . . . . 

·From the above results :i.t is ~een_thE;tt even in the 

20 case of a PP-PE fibrous absorber, if a·t:teating 

soluti.on · c9n.ta:f..ni11g ·a polyalkyisi~oxane ·· hav111g a 

polyalkylene oxide9hain, an aci(l, i:9,lld an. alcohol is 

applied to ·the. PP-PE fibrous absOrber an4 then dried, 

th.ere is . formed such a coating Of the p_oiyal:kylsiloxane 

25 as shown in Fig. 24C and that therf:!fore the Sl.lrface 

hydrophilization treatment is carried out effectivel.y. 
. . . ··.· ·. . . . : . ··.. '·. ·: . . 

As a result, the pp.,;pg fibrous absorber treated as 

-~-~-~- ___ .. _: __ .· . ·-·~-~---· -~--··---·--···---·---~---·-··-·-··· . 

. . ; 

--··-· -· ·•···· -· ··-· _______ , __ _,;_ _ _:_: __________ :.. _____ :__ ______________ --~-----~ 
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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, 

5 in other words, for making sure that the 

polyalkylsiloxane having a polyalkylene oxide chain 

adheres to the surf aces of PP-PE fibers and forms a 

polymer coating in the surface modification according 

to the present invention, there was made observation 

10 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 surf aees of 

15 acid-treated PP-PE fibers (a PP-PE fibrous absorber 

treated wi.th only acid and alcohol) of Comparative 

Example 4. 

Figs. 29, 30 and 31 ar.e en_larged SJ:!:M photographs 

showing surfaces of the treated PP-PE fibers 

20 (hydrophilized PP-PB fibrous absorber) described above 
. .· in connection with Figs. 23A to 23F and 24~ to 24F. 

First, in all of the enlarged·sE:M photograph$ of 

PP-PE f.il>er surfaces; it is iinposs:i..ble to observe any 

clear structural change considered attributable· to the 

25 adhesion of an organic matter onto the fiber surfaces. 

Actµally, even if a magnified (2000X) photograph of the 

untreated PP~PE fibers in ~ig. 27 and that of the 

-----~----·~··-'---- "--·~----·-·-----~-----·---..; ____ :.:__ _____ _.~---- .. ~--· _:. ____ .:__ ___ :._-'--_-2_.::.._. _ _: _______ .,_. ~:· ___ ...: .. -~,.-~------·-.-.. - .. -.-· .. -'--·-·-·--·---· .. 
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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 

5 {polyoxyalkylene}-poly(dimethylsiloxane} in the 

hydrophilized 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 

10 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 

15 points (~usion.;.bonded portions} of fibers were broken 

and som~1::;hing.like .nodes are found.in the fibers.. This 

chan,ge indic:ates.that.the deterioration of PE-PP 
. . : . . . . . . . . . 

. ·. ·' 

moi,6.ules, ·esp~qial~y PE molecules ,on th~ $.kin l~yer, 

of the fiber. sllrfaces was induced and· accel.erated with 

20 a highly concentrated ac.;Ld by solvent evaporation and 

:by· the dryin,g 'heat itself iii the heat~drying ·pro9ess. 

on· .the other hanq, in the hydrophilization 

t:featment using the .hydrophilizir:ig s6.lution of 

Principle Ap:plicat.ion E•artt:Ple 1, t:Jut=J:i ·· breakage of f·iber 

·25 _corine<Jtions and presence of node.;.li,ke portions in 

fibers as '()bserved in the PP-PE fibers treated with 
. . . 

acid 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 

5 hydrophilization treatment of Principle Appl~cation 

Example 1. This is presumed to be because even in the 

event of breakage of PE molecules on the fiber surf aces 

under the action of acid and formation of radicals in 

the molecules, some substance and structure capture the 

10 radicals and prevent the radicals f~om destroying PE 

molecules in a series manner.. The surface-adhered 

(polyoxyalkylene)...;poly(dimethylsiloxane) also 

participates in the capture of radicals, and a chemical 

bond to the PE surf ace is formed in a capturing form 

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

such a ·secondary pbenonienon and ei;fect as suppressing 
: · .. ··· . ·' .· 

the destruction of ·. J:>E/P;p molecules bY :radical cha.in~ 

TaJ(lilg B·:Ll 'of· 'th~ 'above Points into account, it. is 

·· presUJlled :that the ~odificat:Lo~ of fiber $urfaces has 

io been attained by . the. :formation of a uniform thin f-ilm 

·.· of· (polyoxylakyl~e}-polY:( d±m~thy1s±1oxane) on· the 
., . ·.. . ·. ·. : ·. ·. . 

fiber sutfaces. ·1n that proqess there also can be ... : . ' . -:· ... : .. . . 

expebt,ed a cleani.ng ~f ~ect for th,~ fibe:r: surfaces . l>Y 
. . . 

both ··acid..· and so,l v~t ·cojltf).ihed, in the solution µsed 

. 2.5 for hydrophiliz·at;:lon,. and the action of accelerating a 

· physi~ai ·adsorption of . th~ po1y:~l~ylene oxide chain is 

also expected.··.·. In additioh; there also may· l>e 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 

5 shown that a polymer film can be formed easily even on 

fiber surfaces formed by curved sµrfaces, as shown 

schematically in Fig. 24C for example. Since the 

surface peripheral portion (a closed ring-like portion 

as a sectional outer periphery shape) is covered 

10 annularly with a polymer coating, the polymer coating 

can prevent easy separation of the surface-modified 

portion from the eiement. 

In biaxial fibers there sometimes is found such a 

case as shown in Fig. 22B in which a nuclear port.ion 

15 (core} 23b is eccentric and exposed partially to an 

outet wall surface, and thus the exposed s*rfaqe of the 

nµcleaf portion.and the sqr~ace ·of the skin l.ay~r 
.· . . ·.·. ·.· .· .. 

. . 

C sheath) ·23a, are mixed tqgetber,. Sven ~n su¢h a•· case, 

hydr~phll:i.c • 11ature· ·.can b~ ·. impar~ed. to both the -~posed 
20 riuolear p9rti.on and the skin I.ayer surface by·applying 

.·. ther~to the surface rtlodiffing rneth()(l according t:o· the 

present. ir).verit:i.on. In pase Qf mer¢ly ~pply,ing and 

dry-ing a :surf act;ant having a hydro.pbi,1:1.zing · .funQtiori, 

there :Partial.ly isol::>tained an initi·al hyd;rophilic_ity, 

. 25 but when thE:l fibers a:re rubbed l.:l,ghtly wj;th pure water, 

.the surfaotant will soon dissolve out into wa;ter,. with 

loss of hycirophilicity. 
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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 surf ace 

hydrophilization is applied to a PP fibrous member. As 

5 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: 

10 [Table 3] 

15 

20 

is 

Table 3 Composition of a hydrophilizing solution 

Component Composition 
(wt%) 

(Polyoxyalkylene)-poly(dimethylsiloxane) 0.1 
.. 

Sulfuric acid 0.0125 

.Isopropyl alcohol 99.8875 

[Table· 41. 
. . 

Table 4 Composition of a hydrophil;lz.fng solutiori. ' 

component 

Sulfuric ~bid · ·· 
·. ·.· .'• 

Isopropyi. aioal"J,Ql 

··Pure wat~;C 

C:o~poa:d 1:iori. 
.·cwt-tr 

• • e'' ,· .. 

40.0 
'. 59 .. 81375 

In the second composition ( P:r;;tnoiple Application, .. 

EE:ample.3), 'pre<ieterinined amounts of isopropyi .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 arid 24A to 24F there 

were obtained a PP fibrous member (Principle 

Application Example 2) treated with the solution of the 

10 first composition (Table 2) containing isopropyl 

15 

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 tintreat:ed PP fibrous member was used as 

Ref~r$Jl.qe Example 2 .• ' . . . . '.· . . . . 

· As in Principle Applic.ation E;gampl,e i the· sµ~:face 
of .the.untreated PP fibrous member c,f Referen~ E;xamp1e 

20 2 :is watE;ir-"repellent, -but. was modified to a hydrophilic . . . . .· . .. . .. 
. . . ' . 

~tiJ;'fc;ic;::e like thePP.fibrous.member:s pf Pr,inciple 
. . . ' . 

' ~pplicatiqn. :Bxaiµples 2 and a. . .·. ·.. ..· . ·. . . · .. Fqr olle(Jki?lg the degree 
,. . . .. ·. . ., ·: . . ·.· . . .·.. . 

· of its bydrol>h:llici ty, · 7g ()f a water'"".based ink ( y = 46 

dyh/¢nl) · was · pllargad intQ a Sdha:le ··arid ·the PP · f:i.broUS 

25 members of Principle Application Examples 2 and ~, as 
·. . 

well as the untreated PP fibrous menlber pf ~eference 
. ·. . . . 

Example 2; were put slpw.ly onto the surface of the ink. 

~~--....--.::._:____. "-----·: -·-· ---·~-· 
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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 

5 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 

10 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 

15 amount of (poiyo~yalkylene)-poly(dimethylsiloxane) as a 

coating polymer on.their surfaces. 

Fo.r ~~mpie; iil,.the PP fibz;ous member of Principle 
. .. ,· ·. . . '· . .··. . .. 

J\.pplic~tion Exemp.le . 2, the sµrface co~ting polYlller is 

substant1a11Y' oriented, but is adhered to fiber 

20 surfaces in a partially orientation-disordered state. 

Ori thE! other hand; such an orientation disorder is 
·. .. :·. . . . . "•. ·. .· .... 

diminished to a great.ext~nt in the PP fibrous member 

·of Princii;>le Application Example 3. 

l:nthe hydz;ophilizatiori ti'eatinent t1sing . . . ' ' 

. . 

· 25 (polyoxyalkylene)-poly(dimethylsiloxane) it is presumed 

that a c.iose and 11loreuniformly oriented coating is 
. . 

·.· :'· .. : . : . 

attairied by using water iri addition to isqp:r:opyl 

·--·--~--· ----·---
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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 

5 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 

10 decreases more. Taking this point into consideration, 

15 

20 

. 25 

it is presumed that the coating can be effected even at 

an isopropyl alcohol content lower than 40%. From the 

standpoint of industrial safety it is preferable that 

the amount of isopropyl ·alcohol be less than 40%. 

Al t}lou~h typical ei:nbodiinents .. o_f · the present 

invention' have·.been desc:r.ibe(l at>.<:>ve,; the invention ;is.· 

. also appli_qia}?,1.e tc,l, ~C>r . excunple,. ~'UOll v~lve. nien\be:r 2()1, .·· 

urgin~ .~~e:r 26-s fin~ vaive lid ~-~2 a:s ~Jiown l.rrF~g. 
12. 

It gqes witll.outsayil)g that the.above modifying 

'inei?hod;···· mqdlfi~c:l surface$ and·. te~icai i~ea qn .. ·.' ... ·. 

~1e111en~s '. ~ccipr(i:ing '{:o. t}l~ pr~s.011,t Jnvelition ar$ ' also·' '· 

app!icabi.e t~() o~hel:' . "potous elements 'than fibers' as 

·negatitt~·· pre.ks9r~ ····~eri~ratfng .. ·men.ber13·~ 
Wh~the Qegative·pressure gEm;e:r;ating member which 

has been ~ydi~ophiliz$d uni:eormly -by. any of the above 
... =· ···.· , ... 

methods .· C ~tiler: em1:>6~i~ents) .. s~oks tiP. ·ink. ( ink) a~~:Lri. 

:. . . · ... :- . .. . . . · ... : :. ~ ·· .. ,: . . . ' :· .. · :- . :·: . . .... : . ,: .. ·: . ' : . . . . . ·.. . . . . : " ·. . . 
·"'----'-"'"-..;..._,, ·-~~-.---.-~ .... - .... - .... .,....-..... ~-~f~f.~~~=-=-··:._.,.,~J!~."""·~ ~,,..·;. ,.,,.. .. :·.~.,.....,... ,--.,: .. -,,.· .. ·::--:"~-~--:"!-'.'""..,..'°:"---:"":"~ .... -~-

' 
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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 

5 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 h~d, in the embodiment in which the 

10 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 containi11g chaDlber 

at the time of replacing the liquid containing chamber. 

15 varies, depending o~ the case where liquid is held up 

to near the joint pipe which is a connection to the ink 

ou,tl~t port:, the case w~ere even; lic;iuid i>:tes~t near· 
.· ·' 

the ink feed port is consu,mec1, and the ease wbere tll~re 

is no ink ·capable·· of being consumed (fed) • In 

20 accordance with any of the above methods (other. 

einbodiments) aecording to the present invention, by 

applyi11g ·the ·hy<irophiliz~tion tt-eatment · to the.· n~gative 

presE!lure .generating.method in t~e negative pressur~ 

generat1ng lilember c.9ntain;lng .. ~hamber, · the<~ega·tiv~ .· . . . ~ . . . . 

25 pressure in the ink feed port portion of the negative 

pressure generating member containing Qhantber after 
. . . . 

replacement of the liquid coiitaini11g 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 

5 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 

10 vicinity of the joint pipe is consumed), it suffices 

for the hydz-9philization treatment to cover the area 

from the liquid-supplemented portion up to the liquid-

consumed portion even if the whole of the negative 

pressure generating member is not hydrophilized in the 

15 manner described above. 

According to the pr~sent invention, as set forth 

a,boye, since a partial surface of a portion through 

. ·which ~· +eeording liqµid. used in a recoiding liquid • · 

. feed (teviqe pas$es directl.y or of a strµcture necessary 

20. for the .feed Of the recording liquid is rendered 

hycir<Jphilic, .. there · can be proyideci a recqrding liqU;id · 
. ' ' 

feed. device ca1>able_o:f feeding the recordiri.g liquid 

stapl,.y and efficie:n,tly. 

···.··More specifically, :b:Y hydrophilizing an inner 

25 surf ace of a ·feed tube which is for conducting the 

reoording. llqu,id from the recording liquid conta.tner to 

·the' liquid ejeqtiori head, it is possible.to prevent air 
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from entering the feed tube and forming a bubble which. 

would stay and obstruct the flow of the recording 

liquid and hence possible to conduct the recording 

liquid smoothly from the recording liquid container to 

5 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 hydrophiliz~d surf ace using a 

10 molecular level of a th~n polymer film can be formed on 

the feed tube inner surface with little cha:rige in 

inside diameter. 

In the case where a filter is disposed in the 

recording liquid feed port of the recording liquid 

15 container, by lyophilizing the filter surface it 
. . . ·. 

becomes possible 1;0 feduce a pressure loss caused by 

the filter ••and cemduct and :feed· the ·recording liquid. 

·. ~f~±c!~ntiy•:. to the fe~d t>6r1:. · · 

St;ructural DiE!n(bers such as tt1Pe, .pi.pa and filter 

20 having.been lyoi;>hilized according to the present 

· ... :inven1::l.on can ~xhibit a. iyoph:+lic nature and air 

perm~a-tioii and elution p:te~eµting ef :feet within the 

liqu~d.feed, path. 

Moreover~·· in· a reoor~.ing liquid cont.$iner ha,ving 

25 an ab~orber contaiping chami>er with an absorber 

inserted therein and.also having a liquid storage 

chamber.with a reco~ding liquid stored therein 
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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 

5 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 

10 rendering an inner surface of the joint pipe lyophilic, 

it becomes possibl.e to conduct the liquid stored in the 

liq:uid storage chamber to the j oillt pi,pe portion and . 

feed it efficiently into the absorber containing 

chamber. In addi t.ion, according to the lyophilizing 

15 method of the present invention, it is po.ssi;ble to 

apply the lyophilization treatment t() at.least a.part 

of the hegati ve pl;"eSs1lre gen.~r4ting .• ~~~r, Wh~r~by :lt 
.. . .. .· . ,· . .·.·. . .. . ·.· ... · . .. . . . . . 

i:s possi,ble to .iml;,r_ove tll,~ ~~q:~:i.~ ~t>$orb~bi]..tty Of the 

. ftegative ·pressure generating menihe:r,· di~i~ish· the flow 
. . . . . ' . . . . . . . . .. . 

20 resistance of liquid within the J'legativepressure 

,generati,I)g melilber ·a~~ feed liquid ef:fic;i.ent.ly. 

Accpiding· to· . the pres01).t inveri.ti;on~ .. the· 

"?ettapi,li t:Y of li:qui,d f.or the l;i.qu4d feed path as a 
·. ':··:. 

porticm w~er~ iiquid itseJ.£ .· p~$S$$ directly for lf~µid · 

25 feed or as a.structure necef3s~:cyf6:r liquid feed is 
: . . 

improved and it becort\eS difficult for. a bubble to 

adhere to tile :Liq\lid-~eed pat~, atld ev:en if·it is left. 

~ . . . . 

·-··•··"~'°""'"""'~""""..,,-~°"'·"~-~~,,;_ • ..c,,,.;.;.,~~,:_,.,-•.,.;,;~_,,....;.,...,,..,.,.,.,,. _ _,,,,,;;,,,,.;_,.,.,,-,"'°"',;,,,,.."f"-.:;..,._,-;,;..,..,,,,~~~-""''-="""'\;·. ,,,.,_..;.._,,;~_.,..;,,=_,,,_,.,;,;..,.,.,.._,:.,.~o:r="-~':;,:,·~~,,..,,.~c-.. -.: ... -.. -.. -•-;r---:.\'--.---f.. l 
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·. 
standing for a long period, 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. 

5 Further, by applyi~g 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 surf ace and the absorber and 

10 the 1.ntroduction of gas can be performed along a 

15 

predetermined route, so that the gas-liquid exchanging 

operation can be stabilized arid it is possible to 

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

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 

5 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, 

wberein a polymer is applied to an inner surf ace 

of the recording liquid feed path, the polymer having a 

10 f.1.rst moi.ety containing a lyophili.c group for maki.ng · 

the inner surf ace of the recordi.ng 1iquid 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 

15 equal to a surface energy of said surface, t;he second 

moie-t=y being oriented toward said surf ace which 

direction ±s differemt from c:in . ori~ting .di:r:ect!.(.>n of .•.. 
... 

· · tlle f .i.:r;st . moiety •. 

. 2. 'J;'he recording liquid feed path according to 

claim 1···. ... " , . wQerein the inner surfa¢e of t~e recording · . ' . . . . . . . . ._·. ·.:· ·. . . . : . 

liquid feec;t. path . is constituted by .an olefin res~Il., .·and 

· the PC>l::Ymer :Ls a pplyalkyl~ilqxane qontai~:i.:ng a ·· 
---''-'------'--'-~--"--"---~~~~~ 

hydrophilic.group. 

11111111111111 1111111111111111 . 
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25 

3 ~ .· A recording l.iquid feed system oonti;>ris;i.ng a 
. ·· .... 

f.irst contai11er,. the firs1: 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 

5 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 

10 liquid feed path has an olefin resin, 

the surface of the fibrous member and the inner 

surf ace 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 

15 lyophilization-and a se9ond moiety containing a group 

having aninterfacial energy different from an 

int:erf~ci~l energy o.f tile lyophilic group and almost 

equc;i.l to- a sur*ace eJ:i~rgy of sa.i,.d slirfaces, ·the second 

moiety being oriented toward said.surfaces, and the 

20 first moiety being oriented in a direction different 

from sa.i,.d surfaces. 
1.1111111 111111 11111 1111111 1111 

* C L M S * 

4. The liquid feed·system according to cla:i.m 3, 

·whe:t::ein thei polymer applied to the fibrous member is a 

25 polyalkylsiloxane containing a.hydrophilic group. 

s. 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 surf ace of the 

filter, the polymer having a first moiety containing a 

5 lyophilic group for hydrophilizing the filter surface 

and a second moiety containing a group having an 

interf acial energy different from an interf acial energy 

of the lyophilic group and almost equal to a surf ace 

energy of said surface, the second moiety being 

10 oriented toward said surf ace which direction is 

·different from an orienting direction.of the first 

moiety. 

6. A recording liquid container comprising an 

15 absorber oonta:L·ning· ch~er and a :u.q:uid storage 

chamber, the ~sorberconta,ini:ng chamber containing an 

a~f:IOrber ~llfl p~~#.9' Plt"9V":i.4~(j wiJ,t:J:i an atm~:~PQ~:FE! . 

c<>Q.l#Jiqi:lt:Lqil . t>t!>t.-1: 0:aria ··.a .. i:lq~;1.d· ··. ~ee(.i·· p~;~ ; .• ·· ·~~~:· ··<l~so?:l>er 
.... 

··:1:unctiotii11g t()• ho1~ .. i1cWid. py· util;Lzillg ·~ .. ca~.:l.];:lary. 
2() ·· force, and the liquid.st~rage c~amber• co~unic~-(;ing 

with t~e a.p~orpei-i con1=C11nin~ chuh~r. thfo4fih a 

co®nun.l.ct:ltin~r po:t:t~qq. Eind. ae~i~#n9 !:\. r;n.ibs.tein1:;:Lall.l7 

sealed ~p!:loe except t;h~ <?<>mmunicatii,rig p()·:r:'~$on, 

Wherein a ho\lS~n,gbf ~he abSQ~ber COritaii'l;[n~. 
25 Chamber is :]..yophilized at a $urface of contact thereof 

. .·. · ... 

with the c;tb~orber at least in the .vicinity ~:f the 

.·. OOIDD\uni.~ati.~g· Ji)~rtio~.· 

111111111111111111111111111111 
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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 

5 force, and further provided with a joint pipe for 

10 

introducing the recording liquid into the absorber, 

wherein an inner surf ace 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 replenishing container configured to 

15 be removable from the joint pipe .:i.n the liquid·. 

container _according to·claiin 7 or claim 8 and cap~ble 

of feeding liquid SUb$tantially_int() a ~ea:Led spaQe 

through "t;he -joint :P;ti>e, .. 

the liquid J:;'eplell;ishiqg.qolltai;ner having a 

20 connecting portion for connection with: the joint pipe, · 

and wherein a cc>ntact pc)x-tion with the l±qui.d of the 

Connecting portion is rende~ed l:i,quid""'.repelient • 

. · 10.. The recor~ing liq\l~d cont~iner acco:r:d.ing to .. 

25 claim 7 or claim 8, wherein the absorber is const.:i.tuted 

by a fibrous member, and both:a portion of the fibrous 
·. .·. . .. · . 

member opposed to the feed port and the vicinity 

11111111111111 111111111111 1111 
* C L M ' S * 
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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 

5 portion extending from the atmosphere communication 

port side to the feed port side and is rendered 

lyophilic partially. 

12. The recording liquid container according to 

10 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 whole of the 

15 second.fibrous member. 

13. The recording liquid containe:r according to 

cla~m 12, wher(!intl:)e second fibrous member is 

subjected to· a partial lyophilization treatment fo:t the 

20 entire fibrous member including the first and second 

_fibrous members and is wholly ·rendered 1yophiiic. 

·14. 'l'lle recording liquid contaiQer according to 

claim 6, wherein a·polY11ter ·is applied to.the 

25 lyophilized surface, the polymer having a first moiety 

containing a lyophilic group for lyophilizing the 

surface and a second moiety conta.ining a QrOuphaving 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \\I\ 
* C L M S 
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an interfacial energy different from an interf acial 

energy of the lyophilic group and almost equal to a 

surface energy of the surface, 

the second moiety being oriented toward said 

5 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 

10 recording liquid for adhesion to a recording medium to 

effect recording, 

wherein a polymer is applied to a partial surf ace 

of a path potion through which tb.e recording liquid 

passes directly and is applied also to a partial 

15. surfaqe of a .. negative prese;ure generating member which 

. fe.ed$ t;he recording iig:uid. whi1e generating a negative 

pre~~u:re, :tp.e . pO~yme;t- . pav:f.ng a ·. firs;~ moiety containing 

.a,iyoJ;>hil:lcgroupf()r:ma~:Lp.g ~aid su:r:fades iyophilic 

c;md a s~con<i moiety ¢c>ntain:f.rig a group having an 
. ·. 

20 intE!rfaQia1 energy di.ff erent from an interf acia1 energy 

25 

. . . . . . . . . . 

·of ti).«;).· lyopb.i'lic group ·arid· ~lUicist ·equal· to· a surface . 
. ·. . .· .. . . . . .. 

. . . . . . ·: . . 

... en$rri ··pt .. s~:Ld s~r:t:ac~s, the second moie1:Y being 

or±en1ded t~war~J' sai.d. surf aces, an(j th.e first moiety 

b'i~g 'or:Lent~d in. a different. direction• -----'--"'------

111111111111111111111111111111 
* C L M S * 

16. The recording liqu:f.d :feed devi¢eaccqrding to 

claim·· 15, wherein saiCI surfaces are each constituted by 
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an olefin resin, and the polymer is a polyalkylsiloxane 

containing a hydrophilic group. 

17. The recording liquid feed device according to 

5 claim 15 or claim 16, wherein said surfaces include an 

inner surface of a tubular recording liquid 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 

10 surf aces of fibers of an absorber which holds the 

recording liquid temporarily with a capi.llary force and 

which is constituted by the fibers. 

18. The recording li.quid feed device accordi.ng to 

15 claim 15, wherein a polymer is applied to a partial 

surf ace different :from said lyoph~lized partia.J.. s11rf ace 

of. the portion thraµgh .w:titcll the :Ceoord!ng · ~±quid 

passes d:L~~c;,t11' or:sa.:i~1¥-oph.i1:L:Z:~d part~ai sur:face of 

the $tructu:te ~ec$~s~ry for t~e feed Of: th$r~orQ:lp.g 
20 l:Lqu.id, · th,e pplymei- l'lavJ.11~ a f,i:r:st moiety containing a 

. .· ·. 

liquid.;;repel.lent grotlp tot n.t~king sa;ld Q.:i.f'fer;ent 

partial surf aqe liquid.;;repelient ari.d a S~C()nd, moiety 

containing a gr()up h.eiv:Lng.a:rl interfacia:L.energy 

diff.er~nt front an iriterf~c:i,a.l em~rgy of the 

25· liquid-repellent·group and almost equal to a surface 

energy of said diffe.r«ant partial sU.:rfabe; the se90nd 

moiety being orient~d toward sa.id: differe11t · p~rtial ·. 

11111111111111 1111111111111111 
* C L M S * 
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surf ace which orienting direction is different from an 

orienting direction of the first moiety. 

19. A recording liquid feed device com~rising the 

5 recording liquid feed path described in any of _claim 1 

to 3. 

10 

20. A recording liquid feed device comprising the 

recording liquid container described in claim 4 to 7. 

21. A surface modifying method for lyophilizing a 

partial surf ace of a path portion through which a 

recording liquid passes directly in a recording liquid 

feed device for feeding the recording liquid to a 

15 liquid ejection head or a paJ;tial surface which 

constitutes a part: of a filter necessary for feeding 

the recor(iing liquid, with a functional grcmp for the 

lyopnilizationbe:Lng.impatted to the partial surface to 

rend,er ·the.· partial surface lyophilic, t.he method 
.• 

·20 comprisirig: 

. --· -·· _.· _. --··. ·._. 

a £.irst step of ai;>piyi.ng .liq'4id ¢ontaining 

fragmenteci prodl,tets to t'.he :Partial sµrf.ace, . the 

fraglllented products having a first mo·ie1:;y containing a 

functional gr9up and .. a secoI).d · moiety cqtitai:ning a·· g~o.up 

25 having_an i.nterfacial. energy different from an . ·. 
. . . 

ipterf acial . e.riergy of the . functional . group and .•. allllost 

equ~f to a surfao~ ener~ --~£·th~ partial surface, the 

' lllllll ll\111 1111\ ""' " \II\ * C L M S * 
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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 

5 the fragmented products to the partial surf ace 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 

10 oriented on the partial surface. 

22. A surface modifying method for 

1iquid-repelizi~g a partial surface of a path portion 

through which a recording liquid passes directly in a 

15 r~cording liquid feed device for feeding the recording 

li:quid to an ink jet head or a partial surface which 

constitutes .. a pc;t.rt of a fii ter necessary for :eeeding 

tpe iecord,J;ng iiqui<h with · a f11nctidnal group fqr .· 

liquid-repelization being imparted to.the partial 

20 surfaqe, said partial surface being dif.ferent from a 

surface to be·re;nde:ted lyophilic, the method 

comprising: 

a £i~st step of applying liquid containing 

fragmefited prodt1cts to the partial .surface, the 

25 fragmented products having a first moiety containing 

the functional group and a second mo;i.ety containing a 
. . 

group having an interf acial energy different from an 

I 11111111111111111111111111111 
* C L M S * 
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interf acial 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 

5 having the first and second moieties; 

10 

a second step of orienting the second moiety of 

the fragmented products to the partial surf ace 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. 

23. A surface modifying method for lyophilizing a 

15 partial surface o; a path portion through which a 

reco·:r:ding ·liquid, passes directly in a recprding .liquid 

feed dev*ce fot feeding tbe recording liquid·. to an ink 
. . ,. : 

. . . . 

· . jet l)ei?-d qr ·~· .. p~:rtl~l ·SlJ'.:tfaqe· which constitutee; a: part 

of· a ·f;tlter necessEJ,:cyfor feeding the record:ing liquid, 

20 .the mertb()q comprie;.ing.: 

a £.ir~t •step .. of. applying a solution tp the partial 

. surface in wh~ch. ~o1.ution are dissolved a dilute acid, 

an affinity impr<)V'er·for imprpving volatility and 

affinity for ein eiE!l'llerit surface; and a.treating agent 

25 containing a polymer, · .. the polymer having a second 
. . .·. . . ·. . -. . .. ·. 

moiety and· a first.moiety, the second moiety containing 
·. . . 

a group having an interf acial energy almost equal to a 

l lllllll lllll\ 111\l \11\l l\ \Ill 
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surface energy of the surface, and the first moiety 

containing a group hav.ing an interf acial energy 

different from the interfacial energy of said group in 

the second moiety; 

a second step of imparting heat to the surf ace to 

remove the affinity improver; 

a third step of concentrating the dilute acid and 

allowing the polymer contained 1.n the treati.ng agent to 

be cleaved; and 

a fourth step of condensing the cleaved polymer on 

the surface, orienting the second moiety o.f the polymer 

toward the surface, and orienting the first moiety to a 

side different from the surface. 

24.. A method fqr produci.ng· a tubular record1.Ii$1 

liquid feed p8,th ~s a path, 'pqrtion through wliiqh a ' 
: ... .· . . . . ..· .. 

·· · r~¢ording 1i9~id . p~~~~~ ·~i.r~ctly .• or· EiSI. a, :sttjlcture · for 
- · ... ;·.:' ,· 

. . . . . . . . . . . . . ' . . . . . 

being. f~d ~o an ink· j~1:- head whi.oh ejects the rec;:o~d:i.i>,g 

20 -liquid to.effect;record~Qg, the recordin,gliquid feed 

. Pei th ~avirig a iydJ;>bt~lzed surf ac$ with an' oleifJ,n. r~sin 

pres~nt at·least tb.e~eo9, the rit~i;hpd cpin}?rising the­

et~ps o.£; 

· ·apply.f.1)9' a· t±:eJ:itiJig soiuti.ori · ~o tile. su·rf ac~, :the . 
. . . . . 

25 ~r~at:Lrig splution conta:ln~ng a pol~alkyisi1oxane. having 

a hytirophi·llc group,_ an acid,·· arid an. alqoh,ol; ·and 

h~at--drying the tre~ting sQlution api)lied ·.to tP,e 

\ \lltlll l\11\\ 111\I \11\l l\ \Ill 
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surf ace at a temperature higher than room temperature 

and lower than the melting point of the olefin resin. 

25. A surface modifying method for hydrophilizing 

5 a hydrophobic surf ace 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 

10 effect recording, the method comprising the step of 

orienting fragmented products containing a hydtophilic 

group and a hydrophobic group in such a manner that the 

hydrophobic group faces a surf ace side of the 

hydrophobic group and the hydrophilic group faces a 

15 direction different from the hydrophobic group, thereby 

allowing the fragm~ted products to adhere to the 

hydrophobic surface, the fragmC1:)nted products being 

induced by cleavage of a pol:yntet containing the · 

hydrophilic group and the hyd~ophobic group. 

20 

·. 26 .•. ·A sur:face modifying methqd for. mo<iif:Ying a 

partial.· surfc:ice of . a tubular recorgi11g liquid feed path 

as a path ~ortion t;tu:-ough which a record:Ln$1 liquid 

pas$es directly or as a structure necess·ary ~or the 

25 feed of the recording liquid, the recordiil.g liquid 

being fed to an ink. 'jet head which ejects the recording 

l.iqui.d to ef :f ect recqrding, 

1111111111111111111 ~111111111 
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wherein fragmented products of a polymer oriented 

on the basis of an affinity of a group having an 

interf acial energy similar to a surf ace energy of the 

partial surf ace of the recording liquid feed path are 

5 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 

10 which a rec9rding liquid passes directly or as a 

15 

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, the method comprising: 

a condensing step of condensing and thereby 

polymerizing fragmented products of a polymer on the 

partial surface of the recording liquid fee¢1 path, .the 

polymer papable.of·be:i.ng cleeived and-cond~sed alld 

containing a first group having a funct.ional group -and 

20 · a second group having an interf aoial energy almost 

equal .to a surface energy qf·'.the partial ~tirface. 

28. A recording liquid feed path as a path· 

port±on through which a recording liquid pa~i;les 

25 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 

11111111111111111111111111 1111 . 
* C L M S * 



- 120 -

effect recording, the recording liquid feed path having 

a hydrophilic surf ace obtained by modifying a 

hydrophobic surface thereof, 

wherein fragmented products induced by cleavage of 

5 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 surf ace in such a manner 

that ·the hydrophobic group faces the hydrophobic 

10 surface side and the hydrophi·lic group faces a 

direction different from the hydrophobic group. 

29. A recordil)g liquid feed path formed in a 

tub~lar shape as a path portion through which a 

15 recording liquid passes directly or as a structure for 

the. ~eed of th.e re~ord.in~ liquid, the recording liquid 

· bei~g fed to an :Lnk Jet h~ad whicl:l ejects the recording. 

· l:l<iti;ci. ~b ~f~~dt •. r~cbr~·~rig, . 
. . ·. ·. 

i:he rec()rd;ii:lg liquid feed path haviJig a 1:1qui.d '' 

20 9on"t;(3.Ctiilg surface.st:ruct\.lre with a po1ymer applied 

ther~to ap:d.~d.ap~ed to h.o+d th~ recording liqµid fed 

t}leretq,····~h~ p()1~er containing, in a substantially 

.alt~rna,te tnan~~r;. a lyop~i.lio·gro~p of~ relatively 

lc:>n:g ohaio and, a lyopl)ob.ic group (>.f a relatively sho:rt 

2p chain. 

30.. A reeord.ing. iiquid feed path foX111ed in a 

11111111111111 1111111111111111 
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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 

5 liquid to effect recording, the recording liquid feed 

path having an olefin resin at least on a surf ace 

thereof, said surface having a modified lyophilic 

surface, 

the recording liquid feed path having a liquid 

10 contacting surface structure, the liquid contacting 

surface structure having 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 sur~ace·structure 

15 being obtained. by apply~ng a treating solµtion to the . , . . . . . . . . . . ·. .· 

surf ace., the t:i;-eatiilg solution conta:U1ing a ·:p()lyliler, a . . 
. . 

dilute acid a$a cl.e~:~ag~ catalyst far· ~h~ p¢>1yiner, and 

~n a~coho:i; ~~~ i>61Ylti~r: t:?prit~tQ~n~ · ~. fiy~~<>t>lli,+·~c : gpq4p 

. and a g~pup havii1~ . an· }.µt~rfacial ~~ergy. almost equal 

20 to a su:rfaee energy of the sU.rface which contains a"!= . . . .. 

least ·said oieJin ~esiri ~s «ii• compon0.nt, th~n · .. 

~~apotat.ing th~trea.ti..ng soiution.thus a(lheredtothe 

sur:t:ac.e, co~qentrating "the dilute acid on thi;:!.su:t~ace, 

thereby·· c1eav:Uig #le ptill7Jller, and. ce>ndensing . tile · 

~5 resulting fragmented products. 

, . 

31. A ijtethOd·f6r·produoirig a recOJ.1'diil.g liquid 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \II\ 
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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 

5 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 

10 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: 

d~pping the recording liquid container from a 

15 lower portion thereof i.nto a liquid reservoi.r 

contain:lng a treating solution unti~ the position.above 

the joint pipe upper end .i~ dipP,ediii'{:C> th(:! treating 

$oltiti:on to let t:he·treat:Lng.solutiori adhei~ to th,e. 

surfaces1 the· treating solution contain~Jtg a 
~o polyalkylsilox;ane·hav~ng·a hydrophilic group, an acid, 

and an alcohol; ·and 

25 

. . . 

heat-drying the surfi~ce,,-adhered·t~ea~~llg so1ution 

at a temperature higher than :r901D temperatµre and iower 

than themelting point of the o:Le:finresiri~ 

32. A method for producing a re¢o:rd:i,ng liqtiiq 
.·· . . . 

. container, -t:he recording liquid container contain;Lng an 
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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 

5 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 

10 pipe is connected, the surfaces having modified 

lyophilic surfaces, the method comprising the steps of: 

·dipping the recording liquid container intq a 

liquid reservoir containing a treating $Olution until 

the joint pipe formed sideways and the inner surface of 

1~ the joint pipe-connected wall et.re di.pped into the 

20 

.treating solution to let the treating solution adhe:re 

tQ the surfaces; the treating solutipn coJ:}ta;Lning. a 

~()1y~lkylsiio~ane having a hydrophilic.group, an aoid, 
. . , 

anci an alcoho1; and 

heat-drying.tl>.e surface~adhereci treatl.n~ solution 
·. ·. . 

a1:; .· a temperature higher than roqm .. tempera,tti:re. and lower 

tnan the m~lting point of the ole£in :resin~ 

33,. A method for pro(lucing·a record±ng lic,luid. 

25 container, the recording liquid container containing an 
. . 

absorber which holds a recc;>rdihg l:lquid by utilizing a 

capillary force, the recording liquid container having 
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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 liquid into the absorber, 

5 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 

10 joint pipe, the surfaces having modified·lyophilic 

surfaces, the method_ comprising the steps of: 

masking an inner surf ace portion located downwards 

from a position above an upper end of the joint pipe 

and except said inner surfaces of the wall with the 

15 joint pipe connected thereto; 

df;pping the recording liquid container from a 

lower pbrt:i;on. tl)e:t~of :f::nto a liquJ.ct x-eservoi.r 

. '?<>~taini~g · c:t·· t~~~t*ttQ. so;tu-t;i'i'n tilitil ~ll~ . ·t>osi tt6ri above 

the jCJint i>i1>e.~pper ~dis dipped into the treating 

20 .·· solution to le-t;. t};).e trea~ing solµtion adher~ to the 

. · s\i.;t:faoes, · tP,e, tt-eati·ng so:tution Cqntaining. a 

·· po1Y:~l](y1s:Llq*i;lrie haVing a }lydroJ?hil.ic group, an acid, 

and an a,+cohol~ and 
. . . . 

h~ati-'4ry:l.~g · ·the treating solution ~dhered to the 
. ·, ·. ' ·. . . . 

25 surfaces at.a temperature higner than ·room temperature 

and lower than<the melting point of the olefin res:f.n. 
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