- 4 JUN 2004 1 Recording Liquid Feed Path, Recording Liquid Container, and
Recordi ng Liquid Feed Device having Sane, as well as Surface Mdifyin

Met hod for the Recording Liquid Feed Devi ce 5 BACKGROUND OF THE IN@ﬁﬂ%Q@ﬁ
Field of the Invention The present inventipn.relates to a recording liquid
container for containing a recording liquid 10 (ink), a recording liquid
feed path through which the recording liquid contained in the recording
liquid container is conducted to an ink jet head which ejects a recording
liquid for adhesion to a recording nedium to effect recording, and a
recordi ng | i qweddredthgaiiqe dl FedBakdd HRedpndisng deisruidhContpiner,
container and the recording liquid feed path, as well as a

hydr ophi | i zati on netéioBetordanguifigquédoFeedpBevicoa bavingeSpeeerding liquid
feed device through which portion the recording |iquid passes directly and
al so for the 20 surfaceasfwalpaps Sprfaser Ye@dfEingcHes8od filter which is
necessary for the feed of the recording liquid. The present invention
further relates to an &Penthie BaFpatdlmolitAYidgFREANBEVAGE nodifyi ng
characteristics and properties of either surfaces of 25 fibers thensel ves
which ar@ used as a negative pressure generating member within the

recording liquid container. _or i i i
o o g liquid contalner 9 E%@ﬁﬁ@f&ﬁsurfaces whi ch have been subj ected

Field of the Invention

The present invention relates to a recording

liquid container for containing a recording liguid

10 (ink), a recording liquid feed path through which the
recording liquid contained in the recording liquid
container is conducted to an ink jet head which ejects
a recording liquid for adhesion to a recording medium
to effect recording, and a recording liquid feed device

15 provided with the recording liquid container and the
recording liquid feed path, as well as a
hydrophilization method for a surface of a portion of
the recording liquid feed device through which portion
the recording liquid passes directly and also for the

20 surface of a part of a structure such as a filter which
is necessary for the feed of the recording liquid.

The present invention further relates to an
element surface modifying method for modifying
characteristics and properties of either surfaces of

25 fibers themselves which are used as a negative pressure
generating member within the recording liquid container

or the said surfaces which have been subjected to a



- 4 JUN 2004 2 certain treatnent, to inprove their liquid contact

property. The invention still further relates to the so-surface-quiﬂ$?®
negative pressure generating nenber. 5 In addition, the present in é i ﬁ
particularly relates to a surface nodifying-nethod capable of surely

nodi fying the surfaces of fibers constituted by olefin resins which are
difficult to be surface-treated but are environnent-friendly, as well as
fi bers having 10 so-nodified surfaces and a nmethod for preparing the
fibers. Related Background Art In an ink jet printer of a type in which a
recordi ng |i quedtainktrestajeadt,edd rdomrarve rfihgiat Hepdd X®ratalcts adher ed
to a recording nediumto effect recording, there generally is provided a
recording |igupoerdsd dé&ecdnvgmitdiprd@liidd ifvatiees webadest divgthei qui d
container for containing ink to be fed to an ink jet head and al so

i ncl udes a r e&8r&uxdALqicdifded PRAR DS HrCHWRESNPIHETF om an i nk
tank to the ink jet head. In the case where the recording |iquid container
and the ink j& mh@éd are spaced apart fromeach other, a flexible plastic

t ube or %he_like i% used .as the %f recording |iquid feed1pa; , d even
when thePe is used™a r§ng % R*F 8t %rhveeg‘%lrﬂréd’raélr Wit algfyrermvabl e
fromthe ink jr%rlartl:%asd“tot %ers%r a%%t in{%éy%nlés?n%tﬁmd capable of surely
modifying the surfaces of fibers constituted by clefin
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 inkK jet head
15 and is adhered to a recording medium to effect
recording, there generallf is provided a recording
ligquid feed device, which device includes a recording
liquid container for containing ink to be fed to an ink
jet head and also includes a recording liquid feed path
20 for conducting ink from an ink tank to the ink jet
head.
In the case where the recording liquid containerx
and the ink jet head are spaced apart from each other,
a flexible plastic tube or the like is used as the
25 recording liquid feed path, and even when there is used
a recording liquid container integral with or removable

from the ink jet head, there sometimes is used a



- 4 JUN 2004 - 3 pipe-like communication nmenber (joint pipe). Usually, a
filter is disposed wthin the path between the head and the tank. In
recording liquid feed device in which such a 5 feed tube 1001, e.g. ,4§UN 2004
pl astic tube, as shown in Figs. 35A and-33B-are used as the aforesaid
recording liquid feed path, ink present within the feed tube 1001
evaporates into gas, which gas perneates 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 regdipe-ilikeoaeanivgy ot iprp msher) doping ttiRe khe UsHRLIVO1, as
shown in Fig. 35A. The bubble 1002 if fornmed within the feed tube 1001
causes the inR f3ltlegyisattd spegask sttt hidy e Path the Bwredithathead
obstruction to the flow of ink, which may lead to a deficient supply of

i nk. Further, @ dheh t@dk-ate is left as it is over a |ong period, the

bubbl e vm Il growinto a I %trngglr, bu b_IfM@Z%%Oé?d’vw ch, my cause separ ation
of the ink present W} thi%® b o ( 61 et |"§H“%? ' sBuses
100, o2t oI Gl S b, R el e
L5 e Lo R I bl S Sl Ao b
i mpossi bl e to35ecOVelraed 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 in 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 flow path to become narrower, with consequent
obstruction to the flow of ink, which may lead to a
deficient supply of ink.
Further, if such a state is left as it is over a
long period, the bubble will grow into a larger bubble
20 1002, which may cause separation of the ink present
within the feed tube 1001 and formation of meniscuses
1003, as shown in Fig. 35B. Such a state influences
the flow of ink and may result in ink being unable to
be fed. In this case, even if an attempt is made to
25 recover 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



- 4 JUN 2004 - 4 the tube continuity unless a considerably large force is
used. If a gas barrier layer through which air is difficult to perneaﬁg%&§m4
formed on the wall of the feed 5 tube 1001, the formation of bubbles

may be di m ni
1001 becones

shed. Wth such a gas barrierd4layer, however, the feed
t hi cker and occupies a |arger space. Besides, the feed

t ube
pi pe

becones hard and may be cracked upon inposition of a stress thereon when
10 bent so as to be disposed within the ink jet printer or when the
j et head noves together with a carriage which carries the ink jet head
t hereon. |n athectudiengonitgnud tyomndeser ah@eined dar adisbriagige ckPXe® ni ng

chanber and a |iquid storage chanber

havi ng a gas

ialwsegath formed therein for the pronotion of gas-liqu

exchange, the entr¥ﬁof air into the gas inlet path_ forns an air path

the entry of
pressure. In
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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
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 liguid container having an absorber
containing chamber and a liquid storage chamber, the
absorber containing chamber having 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
this case, the air moving time dominates an increase in
negative pressure during the supply of liquid, so it is
preferable that the air move smoothly without the need
of increasing a capillary force of the gas inlet path
for gas-liquid exchange.

In the case of a recording ligquid container in
which the liquid storage chamber is replaceable, a

joint pipe as an ink flow path, which is relatively

a



-4JUN2004 - 5 1ong in a lateral direction (horizontal direction), is laid
between the |liquid storage chanber and the absorber contai ning chan‘gqum4
there sonetinmes occurs a case where the introduction of ink fromth
liquid 5 storage chanber into the absorberscentaining chanber is not
performed snmoothly. Particularly, for exanple when the ink jet printer is
pl aced obliquely and hence the joint pipe is inclined upward toward the
absorber containing chanber, there is a fear that the 10 introduction of

i nk may not be done snoothly, with consequent exhaustion of ink. SUMVARY
OF THE | NVENTRONGTHa pr dsdetralnddmeaariamu(deds zaontsd] vd naatimm), is
above-nmenti oned problenms and provide a recording liquid feed path, a
recordi ng | i qdiedd detaiaesy thend iguidechicfiassg (dhgiben aeyl ddd ce provi ded
with them capable of effecting the novenment of ink snoot hl within a

liquid flow pég‘%qrmﬁ (AR GG ARG d PP RS AT IR
The case of a4 WEHP WiHEh LRSS O fraiort T G A n & 11 qui o
oot port O B echgRl e T SR e, TR AR BG40 20,2
direction, if g il d] o] eSIRIANGS Uaddit AURLESYRRE TREILL Satlgh and
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

consegquent exhaustion of ink.

SUMMARY OF THE INVENTION
The present invention intends to solve the
15 above-mentioned problems and provide a recording liquid
feed 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 recording liquid
20 container to a liquid ejection head/(preferably also
within the recording liquid container).
In the case of an ink tank with a compressed
member disposed within a liquid feed port of a
recording head, the compressed member being constituted
25 by a bundle of fibers which are arranged in alignment
with a liquid feed direction, if an ink flow resistance

of the compressed member is high and if ink is to be



- 6 fed at a high flowrate to neet the requirenent for high-speed
printing, then fromthe sanme viewpoint as above, there arises the proMim
that it is no longer possible to feed ink stably to the head. 5 The
present invention is an epoch-naking i nvenbien based on a new know edge
found out during our studies about the conventional technical |evel.
According to the conventional surface nodifying nethod by only a chem cal
bond based on radical 10 formation, it is inpossible to nodify a surface of
a conplicated shape uniformy. Particularly, surface nodificationis

i nf easi bl e forfechat m dvighy Giova rateydid vieql edwreegeherrer gt atnber
havi ng a conpllcated porous portion in the interior thereof such 15 as
sponge or a fitdah-cmassksinriniHing, i hers e 'ffl}fé $EH'J@ YiRWPOENE £8r
generating a negative pressure. Besides, if the ui d, used cont ains a

surfactant, @ROYSor FRETROATIGHES sthyPrRh¥eR ¢ r?‘ﬁ)’%l T etf Bl oPYRT
extinction of the surfacta he |i exhi bi.ts .no 20 characteristic and
t he char acteripé)ﬁ&'t:’-tﬂfe q‘fbtrsletﬁc# ﬁqfastg* W e éﬁ?‘%‘s to its original
state i di ately. efl n resins._are SUpgrior t r epel can
be seenmfgeom t hei r TEhEEGS Ay WY R4 ghlsasa%fgogﬁ [E&r’klggl a%“?glche'tlo§l

but no nethod,is aé/%n a{ere‘; qgnm; stu |esacf s(#llhﬁﬂ?slﬁy&pplétﬁdgggure over

a long peri odbal-siav I ng t ore nma g out a nethod

capable of surfiaga: Mg fdME A R4 FeSiRSi ddlL A avél JUN 2004

According to the conventional surface modifying
method by only a chemical bond based on radical
formation, it is impossible to modify a surface of a
complicated shape uniformly. Particularly, surface
modification is infeasible for the interior of a
negative pressure generating member having a
complicated porous portion in the interior thereof such
as sponge or a fiber composite which is used in the ink
jet field for generating a negative pressure.

Besides, if the liguid used contains a surfactant,
the porous portion is not surface—modified, and upon
extinction of the surfactant the ligquid exhibits no
characteristic and the characteristic of the surface
itself also reverts to its original state immediately.

Olefin resins are superior in water repellence as
can be seen from their contact angles as high as 80° or
more relative to water, but no method is available for
ensuring a desired lyophilic nature over a long period.

Having therefore made studies for finding out a

method capable of surface-modifying olefin resins in a




- 7 rational manner and nmaintaining the thus-nodified characteristic and
for eventually providing a nethod capable of surface-nodifying all-k4gg#2m4
of elenments, the present inventors noted the use of a treating liquid 5
and prem sed that even a negative pressure7generating nenber of a
conplicated structure could be treated thereby Mreover, in connection
with the relation between a to-be-nodified surface of a negative pressure
10 generating nmenber and a pol yner containing a reactive group, we have
new y found out that the balance with the reactive group can be controlled
to a desired statienaly mamirierziang sadfrded rdmg dynearthusharodifdeflir ability and
quality stability can be further inproved by analysis 15 of the polyner
itsel f. Havi nghalrectpaiig¢tia emd dirn @venriagdiliv PLsvdsinge a d‘Fﬁa‘F*&l‘feri stic
of such a negative pressure generating  nenber as a porous nenber from
anot her vi ewp6eREP1Re Ofeﬁéﬁégﬂ‘?@’étﬂ’dt ing 13 Ko feflemeE TontRAt i onal
negative pressure generating nenber _iS in many cases exposigi%ﬁg$iquid

such as a | i qEFESERE OVENE®TS Natahtiavset de @ 1T 4He 0 fEt e a

W Th cach 25 SPoPESILRER TSR Oy VD SsT s AT K Monber

exposed to the iyl 4 Consues (NS dd dldic e oA HUTRL AR T Ly of the

liquid may be FEpeni®shéd. -é}
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 reactive
group, we have newly found out that the balance with
the reactive group can be controlled to a desired state
by utilizing surface energy and that the durability and
gquality stability can be further improved by analysis

15 of the polymer itself.

Having also paid attention to & negative pressure
characteristic of such a negative pressure generating
member as a porous member from another viewpoint, we
encountered the following problem.

20 A conventional negative pressure generating member
is in many cases exposed to liquid such as a liguid ink
filled in an initial stage.

In the case where a negative pressure chamber and
a liquid containing chamber are integral with each

25 other, a portion of the negative pressure generating

member exposed to the liquid consumes the liquid, which

consumed guantity of the liquid may be replenished.




-8 However, the interior of the device concerned, which is in a nornal
condition, does not assune that the liquid wll be replenished to th equmé
negative pressure generating mnember which consunes the liquid as a wh
Thus, it 5 is uncertain even for those skigled in the art whether a return
to the initial negative pressure or to the initial liquid r retention wll
be attained or not by the replenishnment of liquid. Having made a further
study about what degree of 10 return will be attained by nounting a

repl enishing |liquid containing chanber (a container or a tank) after the
| i qui d cont ai Hedeivara tbgatinterpoesodr ¢hgedevacengoneexned , c oitighiigy
chanber has been consuned at an arbitrary level, we found out that the
amount of theinb5al hquindlf cbhddtinne ﬂh@sn@@&tﬁﬁ@uﬂﬁe§§@ﬁet@€héﬂéﬂpﬁb

menber in an initial stage was fairly |arge because of forced pouring of
the liquid byWébhEbguF@EgEélﬁﬁ&ﬁs to phe PRIt VRePESSEVNT [FENFISTtiME
liquid afforded only about a half return probably duye to a difficult
renoval 20 of m@PbegolPaFReGONRUIRE ﬁ@&aﬂﬂﬁé €§s@r§ éﬁératl ' renber

and that if such a nere repl eni shnen eat ﬁ% armunt of

liqui d clpabl éSoFNGEFRE Ty Ef’EPn i P&eb«? er?orlé' (? r?Ere %" and an

I ncrease in negat ve pressure.al.sq result |t a fir ect of the
present inventi dfi l’l5n EPO%H anLI ilall:,ll'l dP8e d’ve %?e'sguv%ﬁ C ! et\sl.tén %en a

DUbbl € 1S BT §5ERl o113l LR ohIBA TAOE O doAAING! Bt mh W) 2004

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 generating
member in an initial stage was fairly large because of
forced pouring of the liquid by some suitable means,
but that a mere re-filling of the liquid afforded only
about a half return probably due to a difficult removal

20 of air contained in the negative pressure generating
member, and that if such a mere replenishment of liquid
is repeated, the amount of liquid capable of being
retained would become more and more smaller and an
increase in negative pressure also resulted.

25 It is a first object of the present invention to

provide a liquid feed path in which even when a bubble

is present in a liguid feed tube portion leading to a




- 91iquid ejection head, the path can be recovered by suction or the
application of pressure using recovery neans. It is a second object- éfJUNI8)4
present invention to 5 provide a liquid feed path having a | yophilized
surface fornmed on an inner surface thered® - the |yophilized surface being
formed using a thin polyner filmof a nolecular |evel which causes little
change in the inside dianeter of the path and the manufacturing 10 nethod
therefor. It is a third object of the present invention to provide a
cont ai ni ng chanber capable of containing liquid to be fed to a liquid

ej ecti on headlzmaid npievedoni head guriaendabbi FaRybangererstefabylity in a
joint 15 potion (connector portion) of a negative pressure enerating
nenber cont ai $heElenapbethe o2BRYIER BEPRNPENPTESPRABYHBILEY FﬁgPHefré’ed menber
i s connected and renoved, and al so provide a containing chanmber involving
a lyophilizathM®®¥reatnment for at |east a 20 part of a negative pressure

generating member. It is_also an _object aof the inveg%!on to Rrovk%g a
contai ning chanbeftahl 3 §§§?§§18§9%0£aﬁng eoPrgﬁgurlﬁﬁvFﬁg “'htToduct i on
of 9°5 (QUts) de.8Ls) WD) 5h,i3 PELHOLARE pLORELNE! 1URERAUECSUBRoe Bl |1 auid
ot o B PRk k' PipBE CJABERE1 ek 80e] 0und aYeiihad ki o feec
surface 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 ligquid movability and recoverability in a joint
i5 potion (connector portion) of a negative pressure
generating member containing chamber to and from which
a removable liquid feed member is connected and
removed, and also provide a containing chamber
involving a lyophilization treatment for at least a
20 part of a negative pressure generating member. It is
also an object of the invention to provide a containing
chamber and a system both capable of ensuring the
introduction of gas (outside air) which is performed
together with the supply of liquid into a negative
25 pressure generating chamber by the liquid feed member.

It is a fourth object of the present invention to

provide a liquid feed tube manufacturing method for




- 10 ensuring a lyophilic nature of an inner surface of an olefin resin
tube for a liquid ejection head, as well as a liquid feed tube - 4 JUN 2004
manuf actured by the nethod. It is a fifth object of the present invention
to 5 provide structural menbers such as agube, a pipe, and a filter
capabl e of exhibiting a lyophilic nature and also exhibiting air
pernmeability and elution preventing effect in aliquid feed path forned
within aliquid ejection device. 10 Ot her objects of the present invention
and conbi ned objects of the above objects will be understood fromthe
foll owi ng desenspiriio. aFdiyogpdHildy mpture a@ifowe memen g fdsject,an
according to the present invention there is provided a 15 tubular

recordi ng |i qoiléffisedesdinh tabepdior podiiianic e amibaad g orellhg 1iquid
passes directly or as a structure necessary for the feed of the recording
liquid, to fees ehdiguder diosd IHWha danyiactured &y Hawd "8t ej ects the
recording liquid to effect recording, 20 in which a polynmer is applied to
an inner surface &ft tife?dr &ddtdh RPIafuiaf fE&d BRRIF T HEYFaT YR ﬁ%ving a

first noiety containingga l.yo qjlic roup for maki the inner surface of
the recopPdi ngPFPYdAs £ d‘cd%/r‘tr!% HWP%&HEI Iq“'é:%arﬁf & s d Hdi'RHS YA ai ning
S0 SuP 75, ot 1930 PLELISE e R B A S Mo el aE o
sai d Surface’aﬁ@% éiﬁiyﬂ¥f§gy%ir 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
tubular recording liquid feed path as path portion
through which a recording liquid passes directly or as
a structure necessary for the feed of the recording
liquid, to feed the recording liquid to an ink jet head
which ejects the recording liquid to effect recording,

in which a polymer is applied to an inner surface
of the recording liguid feed path, the polymer having a
first moiety containing a lyophilic group for making
the inner surface of the recording liquid feed path
hydrophilic and a second moiety containing a group
having an interfacial energy different from an
interfacial energy of the lyophilic group and almost

equal to a surface energy of the said surface, the




- 11 second noiety being oriented toward the said surface which direction
Is different froman orienting direction of the first noiety. ACCOfdM&%M?%&
this construction, when air perneates 5 through the wall of the recording
liquid feed path and forns a bubble in4Hd i-mnterior of the sanme path, the
recording liquid is conducted al ong the hydrophilized inner surface of the
recording liquid feed path in the wall portion of the sane path with the
bubbl e adhered 10 thereto, so that the area of bubble adhesion to the

i nner surface of the path beconmes snall; besides, the bubble |eaves the

i nner sur f ace sefcomnide medietva e inm Arstentgsh sayaast 1The SRldb i Eaean be
renoved easily by the flow of liquid during feed of the |iquid and thus
the 15 stay oWhileh idBsicEign Hish AHEQran Th @75 RFFEHE'd  Consequent | y,
the flow of the recording liquid can be prevented from being obstructed by
t he bubbl e andifgetics:hlithe 15ififtd WHPe fed efficiently. If a bubble
adheres to the inner surface of the 20 recordi,ng liquid feed‘$ath t he

osnotic pressure oﬁQHﬂidﬁquﬁQﬁﬁﬁ}qiQﬁﬂﬁfQW?ﬁ i éyﬁﬁﬁ%:gae%5?§ion of
Lhe  path becoles, SIFILE USRI ISP IRA Sull pats dako he
present | Vel o AP A Pl Sl A ARl g hophgre
perneation of all, iqitQ e J@EAdihdddd J8sd -tk HPaRGMi1izea
inner surface 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.
Consequently, the bubble can be removed easily by the
flow of liquid during feed of the liquid and thus the
15 stay of the bubble within the path can be shortened.
Consequently, the flow of the recording liquid can be
prevented from being obstructed by the bubble and the
recording liquid can be fed efficiently.
If a bubble adheres to the inner surface of the
20 recording liquid feed path, the osmotic pressure of the
recording liquid in this bubble-adhered portion of the
path becomes smaller, thus promoting the permeation of
air into the same path. However, in the recording
liguid feed path according to the present invention,
25 since the area of bubble adhesion to the inner surface

of the recording liquid feed path can be made small,

the permeation of air into the recording liquid feed




- 12 path, which is caused by a lowering of the osnotic pressure of the
recording liquid, can be prevented from being accelerated. Since tn% 2004
hydr ophi | i zed i nner surface of the S recording liquid feed path accord{mb
to the present invention is lowin flowresistance during novenent of the
recording liquid, the recording liquid can be fed nore efficiently through
the recording liquid feed path. 10 For effecting this hydrophilization,

the inner surface of the recording liquid feed path may be constituted by
an olefin resin, and a pol yal kyl sil oxane containing a hydrophilic group
may be used apaxh,pothimdy .isl At dNE tlovering eserthe weretda there is
further provided a recording liquid feed system conprising a first

cont ai ner, theressire aft divferrecuriiangi hglwd absn e BFR @R eddsram
recording liquid to be fed to an ink jet head tenporarily with a 20

capi |l ary for &&ing SGHHETBM% ner which holds a recording liquid to be

fed to the first container, and. a tubular IeCOFdhﬁ%§|iqUi9 feed path for
conmmuni cation bet e Hé'q iMEIT Rt Kreh L VHHE T HeraCe i A WHRRh t he

absorber is a fibrous nper, 25. constituted by.fibers i ch ntain an
olefin réin FCATENY Q%ﬁnrf%ﬁﬁu%ﬂﬁg,a%ﬁP%#ﬁﬁﬁe%ﬂf%@% %%g?%g

recording Iiayid fead path Nias A0 PI&H Pedfsldhed Nuridy HOVEROA: of

the recording liquid, the recording liquid can be fed
more efficiently through the recording liquid feed
path.

10 For effecting this hydrophilization, the inner
surface 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.

15 According to the present invention there is
further provided a recording liquid feed system
compriging a first container, the first container
containing an absorber which holds a recording liquid
to be fed to an ink jet head temporarily with a

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

in which the absorber is a fibrous member
25 constituted by fibers which contain an olefin resin at

least on their surfaces, an inner surface of the

recording liquid feed path has an olefin resin, the




- 13 surface of the fibrous nenber and the inner surface of the recording
liquid feed path are each applied with a polyner at |east partially*4gnﬁzm4
pol ymer having a first noiety containing a |yophilic group for

| yophilization 5 and a second noiety contd# i ng a group having an
interfacial energy different froman interfacial energy of the lyophilic
group and al nost equal to a surface energy of the said surfaces, the
second noi ety being oriented toward the said surfaces, and the first

noi ety 10 being oriented in a direction different fromthe said surfaces.
Accordi ng to tsuirfasmnstfi e oiibmiyr ananke s (aridicehe ginnee 3uHtaes atnber
contained in the absorber is hydrophilized, the surfaces_ of the
constituent fither Fer®rgingiginiif kaehRath are eaHntaRhbiephsét phi 8n of
ink by the fibrous absorber is fast and there can be  attained an

ef ficient feedBymaik atb ksl berlly Belhdi01¥IST NARENY | dunf+ESTEst ance

during nmovenent of the ink is lowin the fibrous absaorber rtion, it is
20 possi bl e t FUESHIECHRIIE 1D ]tiFFE’I?#l‘T eqr%dtaoﬁf X%ﬁ’%ﬁfﬁ/égﬁef?ordi ng

to the present invention there is further provided recording |iquid
contai neP co it n?ge%or}(%c"b?]aeltr?b cf?rbtuéludut%&)bae ngod;q ?%ﬁl 1Dk et 25 head

which ejects g fecording Il AIRASIQN: tardn JECHLNE OPL] UORLAGERI | ect
recording, in ich a partia ri‘ace of a portion through - 9804
of the lyophilic group and almost egual to a surface
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 absorber.
Besides, since the flow resistance during movement of
the ink is low in the fibrous absorber portion, it is

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

According to the present invention there is
further provided a recording liquid container
containing a recording liquid to be fed to an ink jet

25 head which ejects a recording ink for adhesion to a

recording medium to effect recording,

in which a partial surface of a portion through




- 14 which the recording liquid passes directly or a partial surface of a
structure necessary for feeding the recording liquid is hydrophilizedjyN 2004
According to this construction, there can be 5 obtained a recording liquid
cont ai ner capable of feeding a recordingi14quid stably and efficiently.
More specifically, according to the present invention there is provided a
recording liquid container including a filter disposed in a feed port 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 nmaking the filter
hydrophi | i ¢ i whishpdde bleconbing Mdiquid smssey ebisteatlosyr cawratbylt he
filter and conduct a recording liquid held in an ink cartridge to the
filter portiofuafiEas erft |y FRUGEEE ineqerIHy ok destindcd ding to the
present invention there is 20 further provided a recording liquid

cont ai ner cofSANidigdn Kpslst vt RN HFe%hanber and a |iquid storage
chanber, the absorber containing _chanber contai ning an absorber and bei ng

provided with an AGHESHEHE %ﬁﬁirﬁ ERITTF PO d 1S diY B%ed port, 25

t he absorber nct.ionjng to ho UId y UtI|JZIn ary force,
and the P qU| 8%51%%?@ A R Ta R Ll o S‘?‘iaep%\b‘égor% cont ai ni ng

charber - J%@éé%ng a recording liquid stably and efficiently.

More specifically, according to the present
invention there is provided a recording liquid
container including a filter disposed in a feed port

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 recording liquid held in an ink cartridge to
the filter portion efficiently and feed it to the
exterior.

According to the present invention there is

20 further provided a recording liquid container
comprising an absorber containing chamber and a liquid
storage chamber, the absorber containing chamber
containing an absorber and being provided with an
atmosphere communication port and a liquid feed port,

25 the absorber functioning to hold liquid by utilizing a
capillary force, and the liquid storage chamber

communicating with the absorber containing chamber




- 15 through a communi cating portion and defining a substantially seal ed
space except the communicating portion, in which a housing of the abgqnﬂqmm
containing 5 chanber is |lyophilized at a surface of contact thereof wth

t he absorber at least in the vicinity of- time - conmuni cati ng portion.
According to this construction, at the surface of contact with the
absorber on the side where the 10 comunicating portion is connected to the
absorber containing chanber, even if there is a slight gap between the
absor ber containing chanber and the absorber, the recording liquid held by
t he absorber thpoubk eordwotbed datirige peaitd ogagrahdafdirdicher ei n, whereby 15
It is possible to prevent air from being conducted through the gap to the
communi cat i ngspbstrotiald yheeed edEpads @exoerds fidv apaurifia bl change
stably. According to the present invention there is further provided a
recording |igpegdtdentai ner 20 containing an absorber and provided with an
at nrosphere communi cation port and a |iquid feed port, the absorber
functioning to hol dNawhd&dr & MPUSifg Py ABSATREG CELAITRY force, and

further provided with a joint pipe . for introducing the recording |liLquid
into thegabsoPBéWPeE51§nLM999+%%%qqnﬁﬁ %ﬂﬁWr(ﬁggﬁéﬁlﬁ?ﬂFﬁQﬁ éh?é@?%

Izﬁgzhi 1 zed. Eg.tglhl{: en%lgsno%t}eq:e aitnrl%’asscurfnaqt%e()fvfcr}&jjt%j notf ptil,pee - 4 JWN
communicating portion.
According to this construction, at the surface of

contact with the absorber on the side where the

10 communicating portion is connected to the absorber
containing chamber, even if there is a slight gap
between the absorber containing chamber and the
absorber, the recording liquid held by the absorber can
be conducted to the said gap and held therein, whereby

15 it is possible to prevent air from being conducted
through the gap to the communicating portion and hence
possible to effect gas-liquid exchange stably.

According to the present invention there is

further provided a recording liquid container

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

25 in which an inner surface of the joint pipe is
lyophilized.

By thus making the inner surface of the joint pipe



- 16 hydrophilic it is possible to conduct the recording liquid stored in

the liquid storage chanber to the joint pipe portion efficiently anq%jm@ﬂm4
it into the absorber containing chanber. 5 In this case, by naking the

i nner surface of a |ower portion of the jjg nt pipe hydrophilic, thereby
allowing ink to pass through a | ower portion of the pipe and allowng air
to pass through an upper portion of the pipe, it is possible to effect
gas-liquid 10 exchange in a nore stable manner. Further, if an inner
surface of a connection port of the liquid storage chanber for connection
with the |oihydpiophilidrdde ild guistitdeeltdcerionducthademesecqasistdl e to
prevent the recording liquid fromstaying 15 in the connection port of the
| i qui d storagéighddbertonstderint Hées dnsdidhrfisrage cdamsr frothéne absor ber
containing chanber. It is preferable that the absorber be constituted by a
fibrous menbegodmt pHae ot ipmedfindestivh@ngh fieas dus indimerhe
corresponding to the liquid feed port and a surrounding portion thereof be
subj ected to absiophehi lcopteg inshtahambest- | east partially. By so doing it

IS possible to inprove the recording |iquid, K absorbabili ogﬁ%he absor ber
and decr 8ase the fliowHE s &asq-afve KNk thee sy sll’r’ﬁ{%‘i? tAined in

the absorber., The | yopti|izing,Lr eptent, ccording,ta fhe 4 JUN 2004

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 staying

15. in the connection port of the liquid storage chamber
when the same chamber is removed from the absorber
containing chamber.

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

20 fibrous member corresponding to the liguid feed port
and a surrounding portion thereof be subjected to a
lyophilizing treatment at least partially. By so doing
it is possible to improve the recording liquid
absorbability of the absorber and decrease the flow

25 resistance of the recording liquid contained in the
absorber.

The lyophilizing treatment according to the




- 17 present invention for a partial surface of a portion of the
recording liquid container through which the recording |iquid passes UN 2004
directly or for the surface of a part of a structure necessary for tﬁg
feed of the 5 recording liquid is characterized in that a polyner is
applied to the surface to be rendered |yophilic, the polyner having a
first noiety containing a |yophilic group for nmaeking the surface |yophilic
and a second noiety containing a group having an interfacial energy 10
different froman interfacial energy of the Iyophilic group and al nost
equal to a supfasersndmnyerdfidrhe@aial pasrifalc esuntfferess exforal poreignbeifng
oriented toward the said surface, and the first noiety being oriented in a
direction di f fobiee mtedorghiinghd. ispiidl syarftadiaer] SShughdiviyiclo the present
invention there is further provided a recording liquid feed device for
feedi ng a recoegiorgingydiiguwiel angsws jErady W dPT ghetsuxfreeeedr di ng
liquid for adhesion to a recording nediumto effect recording, 20 in which
a pol ymer is a@ppardd afo & SfauGIrs paesRssayt Londie pied ot t Hr®ugh whi ch

the recording liquid asses, directly and is lie | so to, a parti al
surface &f agﬁ r@flnéfr}é@é{’i%elﬁ) tegre’ﬁeera‘flltojirhgtqlaﬁ’énq)é?om%ﬁ t8eds the

recordi ng :c : (r]gtp%r}d\l@é &Og%#enseurragé{cneq & e@%é#&ex@ffﬁpﬁﬂﬁ%&?ﬁgp%%mr

havi ng a aining a |yophi I'ic group e said

surfaces 'yOp@Jﬂfhéy“%é%fﬁﬁxH"%f?gf”abfef§‘%ﬁﬁéQEK&ng a lyophilic

group for making the surface lyophilic and a second
moiety containing a group having an interfacial energy

10 different from an interfacial energy of the lyophilic
group and almost eqgual to a surface energy of the said
surface, the second moiety being oriented toward the
said surface, and the first moiety being oriented in a
direction different from the said surface.

15 According to the present invention there is
further provided a recording liquid feed device for
feeding a recording liquid to an ink jet head which
ejects the recording liquid for adhesion to a recording
medium to effect recording,

20 in which a polymer is applied to a partial surface
of a path portion through which the recording liquid
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 having a

first moiety containing a lyophilic group for making

the said surfaces lyophilic and a second moiety




- 18 containing a group having an interfacial energy different froman

i nterfacial energy of the Iyophilic group and al nost equal to a surtquuy 0
energy of the said surfaces, the second noiety being oriented toward @
said surfaces, and the first noiety beingi@iented in a different
direction. Mire 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 surface nodifying nethod
for |yophili congadmirigya dyooesype hasiimy ampdnterdfanislacnerdgy path portion
through which a recording liquid passes 15 directly in a recording |iquid
feed device f okififeadiniy fadie aredayinf@aiaduienaxgya 9f ghal gt biChead or
a partial surface which constitutes a part of a filter necessary for

f eedi ng the rareud mnd igmast @aupla tF ihE@udige Uy &t tHe said

| yophilization or 20 |iquid-repellant, treatnent beinqﬁ% ed.to the

' art
partial surfa@riaseset Y AHE TR Bsing s é@%ﬂﬂ%ﬁ%gtm?quid
containing fragnented products tq the partial .surface, the fragnented
product s “havi If§ fE’i”rrsf[éDcrﬁﬁ 'eta)}“%o‘%leaihfﬁ’i’%g: é"%tfyur?(ﬁ]in&a?mger%ﬂ%ga{rﬁ ‘13

second noi ety gcant ai ni,ng..a _gr.o having an interfacial energy different
froman i nterdfcl%eaﬁenetngirlgﬁl&oﬁl%%e functional group and al nbost -4 JUN 2004

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 surface modifying method for
lyophilizing or liquid-repelizing a partial surface of
a path portion through which a recording liquid passes

15 directly in a recording liguid feed device for feeding
the recording liquid to a liquid ejection head or a
partial surface which constitutes a part of a filter
necessary for feeding the recording liquid, with a
functional group for the lyophilization or

20 ligquid-repellant treatment being imparted to the
partial surface, the method comprising:

a first step of applying liquid containing
fragmented products to the partial surface, the
fragmented products having a first moiety containing a

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

interfacial energy of the functional group and almost




- 19 equal to a surface energy of the partial surface, the fragnented
products being obtai ned by cl eavage of a functional group inparting4 UN 2004
pol ymer having the first and second noieties; 5 a second step of orlgntlng
the second noiety of the fragnented prodyots to the partial surface side
and orienting the first noiety to a side different fromthe partial
surface side; and a third step of condensing and pol ynerizing at 10 | east
partially the fragnented products oriented on the partial surface.

Further, a surface nodifying nethod according to the present invention is

characteri zedefjyat ofipr asengfaca Enesgysbdp tbk pppitiadg sard@ad,i drthé o a
surface 15 in which solution are dissolved a dilute acid, an affinity

i mprover for fopgoenngdvplratiucitsy bedggabbitaiined bor cheaglageett surface, and
a treating agent containing a polyner, the polynmer having a second noiety
and a first nbuecyionhd gzevrd imppREt)ngoReaViedy havdnsuFhreo HaAahEnth
interfacial energy alnost equal to a surface energy of the surface, and
the first noieegor8nM@iRitdg§Ssa group of an interfacial energy different

fromthe said interfacial energy; a secqond step of i rti.nqg heat to the
surface 0 25 renBvESFREaFEER OF P3O RY &%@hﬁ?cﬁggﬁﬂFﬂ'55%6%%f

f?ggfPhgaggggFﬁggfggbﬂgﬁﬁa igf%ﬁ%cfglﬁgmﬁﬂ%1ﬂ§%ﬂ¥§ﬁ”§ﬂié§¥§E§£E%1A{che
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 method according to
the present invention is characterized by comprising:
a first step of applying a solution to a surface
15 in which solution are dissolved a dilute acid, an
affinity improver for improving volatility and affinity
for an element surface, and a treating agent containing
a polymer, the polymer having a second moiety and a
first moiety, the second moiety containing a group
20 having an interfacial energy almost equal to a surface
energy of the surface, and the first moiety containing
a group of an interfacial energy different from the
said interfacial energy:
a second step of imparting heat to the surface to
25 remove the affinity improving agent;
a third step of concentrating the dilute acid and

allowing the polymer contained in the treating agent to




- 20 be cleaved; and a fourth step of condensing the cl eaved pol yner on
the surface, orienting the second noiety of the polynmer toward the sai
surface, and orienting the first noiety 5 to a side different from ¢ 2004
said surface. According to this surface smpdi fying nmethod it is possible to
conduct a uniform and continuous surface nodifying treatnment. By so

nodi fying the surface it is possible to inprove the fluidity of a
recording liquid 10 which conmes into contact with the surface. Thus,
according to the present invention, the wettability of ink for the liquid
feed path as aepailleaved:t iasrd t hr ough whi ch the recording |iquid passes
directly or as a structure necessary for the feed of 15 the liquid is

i nproved, the adhes douaftha shegblaf dessimnssing f¥he gieaved Bl Eney AN f
formed is difficult to grow even when |eft standing over a | ong period,

the adhesi on tiwed strfipiaey ofriergulg £hd Rgenhdqiafl P e Rt HmeFe
suppressed, and the ink feedability is 20 difficult tq be deteriorated.
Further, by amewangg thee SRl H1aA @G SRS e P EFt it 94aY1 on a

absorber containing chanber side in a quuidwiont ner having the
partitio® wal [to § side sHdfenent F1aevEif Sat c%"f’fanl!eqﬁem occurrence of 25

an air path between the wall surface and.the absorber ' ssi bl e
to effect the intrdFRAGBNDIEYIPLT HHFFS “bc?cgl ler}%'%gt}é%uifg,i)ghus

permtting _‘%dggig¥gy%o conduct a uniform and continuous surface

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 ink for the liquid feed path as a path
portion through which the recording ligquid passes
directly or as a structure necessary for the feed of

15 the liquid is improved, the adhesion of a bubble
becomes difficult, a bubble even if formed is difficult
to grow even when left standing over a long period, the
adhesion and staying of a bubble within the liquid feed
path are suppressed, and the ink feedability is

20 difficult to be deteriorated.

Further, by applying the hydrophilizing treatment
to a partition wall on a absorber containing chamber
side in a liquid container having the partition wall,
it is possible to prevent an accidental occurrence of

25 an air path between the wall surface and the absorber
and it is possible to effect the introduction of gas

through a predetermined route, thus permitting



- 21 gas-liquid exchange to be carried out stably and permtting

| mprovenent of the reliability in the feed of liquid. 5 BRIEF DESCRLQ?M%NMM
OF THE DRAWNGS Fig. 1 is a schematic perspective view of an ink jet

printer according to the first enbodi nent 2qf -the present invention; Fig. 2
Is a schematic sectional view of a 10 recording liquid feed device used in
the ink jet printer; Figs. 3A and 3B are enlarged views showi ng a
characteristic of feed tubes 302 of the recording Iliquid feed device shown
in Fig. 2, of which Fig. 3Ais 15 a sectional view of a feed tube 302, on
whi ch a hydrgabihiigaddsektheegdléo dencardededutastablef amehce exanpl e
and Fig. 3B is a sectional view of a feed tube 302, on which the
hydr ophi | i zedpeaugfigténglémpsoivemesd, ofusde e lilad iflityt ientdd eaed 20 Fig.
4 is a schematic sectional view of a recording liquid feed device
according to tlieldgoédd enbodi nent of the present invention; Figs. 5A and
5B are schematic diagrans of an ink cartridge as a constituent of a
recording liquid feed 25 device according to the third enbodi ment of the
present invention, of which Fig. 5Ais a sectional viewand Fig. 5Bis a
per spect Pve vBBREST DESERIFTION, QfaMHES PRAWINGSN 2004 - 22
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;
Figs. 3A and 3B are enlarged views showing a
characteristic of feed tubes 302 of the recording
ligquid 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 formed, as a reference
example and Fig. 3B is a sectional view of a feed tube
302, on which the hydrophilized surface 316 is formed,
used in the first embodiment;
20 Fig. 4 is a schematic sectional view of a
recording liquid feed device according to the second
embodiment of the present invention:
Figs. 5A and 5B are schematic diagrams of an ink
cartridge as a constituent of a recording liquid feed
25 device according to the third embodiment of the present

invention, of which Fig. 5A is a sectional view and

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



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 thazgﬁwtzdm
enbodi ment of the 5 present invention; Figs. 7A and 7B are schematic

di agrans of the ink jet head cartridge shkhown. in Fig. 6, of which Fig. 7A
is a brief sectional view of the whole of the cartridge and Fig. 7B is an
enl arged sectional view of a joint 10 pipe 61 portion; Figs. 8A and BB are
sectional views showi ng another exanples of hydrophilization for the joint
pipe 61 portion of the ink cartridge shown in Fig. 6; Figs. 9A 9B, 9C and
9D are di agr aper3ien;ng 15 exanples of noving states of ink in the ink jet
head <cartridge shown in Fig. 6; Fig. 10 is a sectional view show ng an
exanpl e of wat er - repel 6arits tar eathemat forsestdemedc tMigv (o tare2inkoiet on of
the ink jet head cartridge shown in Fig. 6; 20 Figs. 11A,  11B, 11C_ 11D,
11E and 11F aheadi agradrsidgsh@s iy Qe i tawni to P fe ) iR e B vk lization

for an absorber, an absorber containi ng chanber, and a %&)i nt_pipe in the
jet head cart rfiegge deivdwe iaraqargling g ghe Fqurth ot st ivial view

of an ink 25 jet head cartridge as a constituent of a recording |iquid
feed devifce a®&&RMg YaHEFfth enbodi ment of the present invention;

4 JUN 2004 - 23 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. 8A and 8B are sectional views showing
another examples of hydrophilization for the joint pipe
61 portion of the ink cartridge shown in Fig. 6;

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

15 examples of moving states of ink in the ink jet head
cartridge shown in Fig. 6;

Fig. 10 is a sectional view showing an example of
water-repellant treatment for a connection port 62
portion of the ink jet head cartridge shown in Fig. 6;

20 Figs. 11A, 11B, 11C, 11D, 1l1lE and 11F are diagrams
showing modification examples of hydrophilization for
an absorber, an absorber containing chamber, and a
joint pipe in the jet head cartridge shown in Fig. 6;
Fig. 12 is a schematic sectional view of an ink
25 jet head cartridge as a constituent of a recording

liquid feed device according to the fifth embodiment of

the present invention;




Figs. 13A and 13B are di agrans each showi ng a form of adhesion between a
polynmer as a surface nodifier forned on a to-be-nodified surface of an

el enent (a base) and the surface of the elenment in a surface 5 nDdrF@dU&ﬂmM
met hod applicable to the invention, of whpgh- Fig. 13A illustrates a case
where both a first group as a functional group and a second group for
adhesion to the element surface are contained in the side chain of the
polymer and Fig. 13B illustrates a case where the 10 second group is
contained in the main chain of the polyner; Fig. 14 is a di agram show ng
schematical |y a basfgscopsRdamdit D3B hAagediaframsreathnghewliogi enfoamt ai ni ng
a polynmer as a surface nodifier in a surface nodifying 15 net hod
appl i cabl e t ;mf hedhaveohi batwéeg. alpoilgmarcancapsunfadeagedinfs®owi ng a step
of partially renmoving a solvent fromthe coating |ayer containing the

pol yner as a Surmedecompai toebeanddifigddsushiachechasn ehePpRts(Af ace

modi fyi ng nethod applicable 20 to the invention; Figs. 16A and 16B are
conceptual dikasahsasforhagsutfpaet PAl thpssberant ohnpRot¥EE26R t he pol yner
as a surface nodifier which is associated with the partial _solvent

renovi ng st epndd bfiving pethadraeBairaglealer the iRUeRFLeR- i OFi WBICE by an
acid added into the treating sol ution; Fig. 17 i%ha cgnce%tual di agram
showi ng an - Higpob3A.idjustrates a case where bo a Iirst group

a functional group and a second group for adhesion to
the element surface are contained in the side chain of
the polymer and Fig. 13B illustrates a case where the

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. 15 is a conceptual diagram showing a step of
partially removing a solvent from the coating layer
containing the polymer as a surface modifier and formed
on the base in the éurface modifying method applicable

20 to the invention;

Figs. 16A and 16B are conceptual diagrams showing
a partial dissociation process of the polymer as a
surface modifier which is assocciated with the partial
solvent removing step from the polymer coating layer

25 and which is induced by an acidradded into the treating

solution;

Fig. 17 is a conceptual diagram showing an




orienting process of the polynmer as a surface nodifier or fragnented
products thereof in association with a further solvent renoving Stqp4fbﬁ?ﬁ
the coating layer containing the polymer; 5 Fig. 18 is a concept ual J 04
di agram showi ng in what process the solveat-contained in the coating |ayer
Is dried off and the polynmer as a surface nodifier or fragnented products
thereof are oriented, adhered and fixed onto the elenent surface; 10 Fig.
19 is a conceptual diagram showi ng in what process fragnmented products
derived fromthe polyner as a surface nodifier which is adhered and fixed
onto the el emebentimgaproaessref cthbi RedyBgraagondensiprenmpdddiiesh; 15
Fig. 20 is a conceptual diagram showi ng an exanple of applying a surface
modi fyi ng netdwdf caphentdd epreduchs Fh@€ﬁ?fohntésﬁoﬁ96FéﬁﬁiWPE%hé‘treatnent
for a water-repellent surface and al so shomﬁn% what effect iis obtained by
addi ng wat er furbhertsehvVeny EeNQViBH; SSEPFEge™ 3R] c98ging) d3aygd 21D
illustrate a PE-PP_ fibrous nepber utilized as an ink absorber in an ink
tank, of whi cPerrgindaa EheweCLE¥R8Fatically a formof wutilization as an

i nk absor ber i | nk k, Fig. 21B h ' Ly . ' h
of the PE PP 25 1BkBus AotBer, SaRORErP SR SaRSEAF e they A B © Pt

as an¥arrange | of
constituent fibers an

schenatical|y959§?3§e93§f%%ggghkg%ﬁﬁgsgﬁggo%gn%he EB%E%BB’lﬁ r 4 shovs
dried off and the polymer as a surface modifier or
fragmented products thereof are oriented, adhered and
fixed onto the element surface;

10 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-combined by a condensation
reaction;

15 Fig. 20 is a conceptual diagram showing an example
of applying a surface modifying method applicable to
the invention to a hydrophilizing treatment for a
water-repellent surface and also showing what effect is
obtained by adding water into a treating solution;

20 Figs. 21A, 21B, 21C and 21D illustrate a PE-FPP
fibrous member utilized as an ink absorber in an ink
tank, of which Fig. 21A shows schematically a form of
utilization as an ink absorber in an ink tank, Fig. 21B
shows schematically an entire shape of the PE—PP

25 fibrous member, as well as an arranged direction Fl1 of

constituent fibers and a direction F2 orthogonal

thereto, Fig. 21C shows schematically a state before




heat - f usi on of the PE-PP fibrous nenber, and Fig. 21D shows schematically
a heat-fused state of the PE-PP fibrous nenber; Figs. 22A and 22B shqwu 004
exanpl es of sectional 5 structures of the PE-PP fibrous nenber iIIustrd{§¥
in Figs. 21A to 21D, of which Fig. 22Ashens schematically an exanple of
coating a PE sheath onto a PP core substantially concentrically and Fig.
22B shows schematically an exanple of coating a PE sheath onto a 10 PP
core eccentrically; Figs. 23A 23B, 23C, 23D, 23E and 23F show an exanple
of applying a surface nodifying nethod according to the present invention
t 0 a hydrophi heaitrFustioeatoterthe GE-PPatidrouep aldmbar s arfdade.gof 24e PE- PP
15 fibrous nenber illustrated in Figs. 21A to 21D, of which Fig. 23A shows
schemat i cal | yshbesf isohers tieodldly ddfearte fusegt mhste Rify thEg B &I
schematically a step of dipping the fibrous nenber into a treating

sol ution for fhpdomshimemberi;on, Fig. 23C schematically shows a 20
subsequent step of conpressing the fibrous nenber and renoving a surplus
portion of the tredtdigsy SAPutansh 22Bfhay grampdEs eD e e ti al

enl arged di agrams of Figs. 23A to 23C,. respectivell)s/;_ Figs. 24A, 24B, 24C
24D, 24ESand SHEUSHOSSs tadfphe PEqfTs AUS ahets tidddg41ak&d ated i n

0 P R o T 0 LR AT | A St SR 06 1)
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 modifying method
according to the present invention to a hydrophilizing
treatment for a water-repellent surface of the PE-PP

15 fibrous member illustrated in Figs. 21A to 21D, of
which Fig. 23A shows schematically the fibrous member
before treatment, Fig. 23B shows schematically a step
of dipping the fibrous member into a treating solution
for hydrophilization, Fig. 23C schematically shows a

20 subsequent step of compressing the fibrous member and
removing a surplus portion of the treating solution,
and Figs. 23D to 23F are partial enlarged diagrams of
Figs. 232 to 23C, respectively:

Figs. 24A, 24B, 24C, 24D, 24E and 24F shows steps

25 subsequent to the steps illustrated in Figs. 23A to
23F, of which Fig. 24A schematically shows a coating

layer formed on the surface of the fibrous member,



Fig. 24B shows schematically a step of drying off a

the coating |

ayer, Fig. 24C shows schematically a coating of a

hydr ophi i zi ng agent which covers the surface of the fibrous nmenber’
Figs. 24D 5 to 24F are partial enl arged dizggr-ans of Figs. 24A to 24C
Fig. 25 is a magnified (150X) SEM phot ograph as a substitute
showi ng the shape and surface condition of an untreated PP-PE
fi brous nenber in 10 Reference Exanple 1 (untreated PP-PE fi brous
absorber); Fig. 26 is a magnified (500X) SEM phot ograph as a substi
Fhogw 2¢H Ishost sehent tsigafldye a edegl dbmnfingn afif reat ed PP- PE
fibrous nenber in Reference Exanple 1 (untreated PP-PE fibrous absor
15 Fig. 27 issalvegt coadaizeghX)n b9 sleatsgdapiaver a FisubA4G wmhovysr
drawi ng, show ng the shape and surface condition of an untreated PP-
fi brous nmenbeschemagdicaldice BeatPing P ¢n é’élcéﬂ"lliP-ZPElQ iagestis EWhkeh

respectively;
for draw ng,

for draw ng,

Fig. 28 is a

drawi ng, showcRyeriFe t1eaSeis

magni fied (150 SEM hoto rap a 20 substitute for
éﬂuﬁ SeeTn 3 EiFeat €t

e

sol vent contained in

4 JHN 2004

tute
ber);

PE
ber);

PP- PE

fibrous nenber in Oo arative Exarrp ]aa P- PE flbrftli% abs%pr treated
rgg J@%.

with onl ¥ aci #PadFaPEéhdd gy

ﬁ% t ogr aph

as a 25 substitute for dra showi ng the shape and surface condition
of a treated PRP Eqﬁﬁﬁ%ﬁ}§ ﬁgﬁ%er in Principle Application Exanple 1

(hydrophilized PP—@EQ

10

15

20

25

. LbSM{'g QaOQnAégfni?fZi.ed (150X) SEM photograph as a
subgtitute for drawing, showing the shape and surface
condition of an untreated PP-PE fibrous member in
reference Example 1 (untreated PP-PE fibrous absorber);
Fig. 26 is a magnified (500X) SEM photograph as a
substitute for drawing, showing the shape and surface
condition of an untreated PP-PE fibrous member in
Reference Example 1 (untreated PP-PE fibrous absorber);
Fig. 27 is a magnified (2000X) SEM photograph as a
substitute for drawing, showing the shape and surface
condition of an untreated PP-PE fibrous member in
Reference Example 1 (untreated PP-PE fibrous absorber);
Fig. 28 is a magnified (150X) SEM photograph as a
substitute for drawing, showing the shape and surface
condition of an acid-treated PP-PE fibrous member in
Comparative Example 1 (PP-PE fibrous absorber treated
with only acid and alcohol};
Fig. 29 is a magnified (150X) SEM photograph as a
substitute for drawing, showing the shape and surface
condition of a treated PP-PE fibrous member in

Principle Application Example 1 (hydrophilized PP-PE




fibrous absorber); Fig. 30 is a magnified (500X) SEM phot ograph as a
substitute for drawi ng, showi ng the shape and surface condition of a
treated PP-PE fibrous nember in 5 Principle Application Exanple 1 =4 JUN 2004
(hydrophilized PP-PE fibrous absorber);- Brg—- 31 is a magni fied (2000X) SEM
phot ograph as a substitute for draw ng, show ng the shape and surface
condition of a treated PP-PE fibrous nenber in 10 Principle Application
Exanple 1 (hydrophilized PP-PE fibrous absorber); Fig. 32 is a process
chart showi ng an exanple of a surface nodifying process applicable to the
I nvention; Fifgbrddsi abaodibagr)am showi ng an exanple of an 15 esti mated
surface distribution of hydrophilic and hydrophobic groups by a surface
modi fyi ng treat nenFigapplOi dablae magrtiid eidn(eROXon SEF ghot@ixam@yBsarml 34C
are di agrans showi ng exanples of a hydrophilization treatment for a
negative 20 pubssitatgeforadinay imsahordbgoitber shiapea@nidhieyriadread
cartridge applicable to the invention, and Figs. 35A and 35B are sectional
views of a feegndjitgen 0f1 auda&@atieda FEomke filbseas MeMBedt By inter. 25
DETAI LED _DESCRI PTI ON_OF THE PREFERRED ENMBODI MENTS Enhaodi nents of  the
present PnvenfréRciPlLe @QPLiﬁﬁﬁﬁoﬂb@xWEW@@n&nd@WQHQH?ﬂiﬁ%54aﬁﬂi%%)the - 4
JUN 2004 - 28 ¢ RCCOTPARLIR I naS-

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 FP-FPE
fibrous absorber);

Fig. 32 is a process chart showing an example of a
surface modifying process applicable to the invention;

Fig. 33 is a diagram showing an example of an

15 estimated surface distribution of hydrophilic and
hydrophobic groups by a surface modifying treatment
applicable to the invention:

Figs. 34A, 34B and 34C are diagrams showing
examples of a hydrophilization treatment for a negative

20 pressure generating member (absorber) in an ink jet
head cartridge applicable to the invention:; and

Figs. 35A and 35B are sectional views of a feed

pipe 1001 used in a conventional ink jet printer.

25 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Embodiments of the present invention will be

described hereinunder with reference to the




Bei ng superior in wettability for a liquid contained is designated
"l'yophilic" or "lyophilic nature" in the present invention. The ink used
in the 5 foll owi ng enbodi ments is a water-based ink, and in connecfitofN 2004
with the lyophilic nature reference willL g -nmade particularly to
hydrophilic nature in the follow ng enbodi nents. However, inks enpl oyabl e
in the present invention are not limted to aqueous inks, but 10 oily inks
are al so enployable, in which case it is |lipophilic nature that is
inparted to a surface. (First Enbodinent) The first enbodinent will be
descri bed bel apcwmphnyiafedenwéngs.Figs. 1 and 2. 15 Fig. 1 is a schematic
perspective view of a serial scan type ink jet printer according to the
first enbodi nent Bedn§i guprierainchenknbdlisyt fomal Lila@nist a recording
liquid feed device portion used in the ink jet printer. 20 As shown in
Fig. 1, the iogntaingdi hisedepdgnpited dégomhihig " catr i"dge@rdd4 iSupport ed

reci procatably on two parallel guide shafts 305 and 306 and an ink jet
head 301 di sppssurefn ihethgr PragentodnyRBTi8Rpt edheo 10 &sed i (YR or di ng

liquid) for adhesion to a 25 recording mediumto effect recording. A timng
belt 309b enfPAlR¥dranePREIpBEIEYs 18508 W?tEEHEQEFQdHﬁEWi%?éc%ﬂriage 304.

iO;ei ﬁu LTLEK smogﬁhgegﬁzg\fééﬁ %gggr g:gsg ,l %%Emii i%UNa%(l)l(%‘% i"e%%re%%ré Iv%.n.llS q:?é?l whi ch
made particularly to hydrophilic nature in the
following embodiments. However, inks employable in the
present invention are not limited to aqueocus 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 device portion used in the ink
jet printer.

20 As shown in Fig. 1, the ink jet printer is
provided with a carriage 304 supported reciprocatably
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 pulley 309 is provided with a gear




the pinion gear 308 being nounted on a rotary shaft of a notor 307 which
generates a drive force for noving the carriage 304. 5 Upon turning_gﬁhga
the notor 307, an output of the notor rotary shaft is transmtted to 004
associated pulley 309 via the pinion geapg308 and the gear portion 309a
of the pulley, causing the pulley to rotate. This rotation of the pulley
Is transmtted to the carriage 10 304 via the timng belt 309b. In this way
the carriage 304 is reciprocated in the directions of arrows in Fig. 1

al ong the guide shafts 305 and 306 according to rotational directions of
the pulley 30%rtiwge30esowdioy is perheshedith ahpifhbbhogeay 308 ,manner.
The carriage 304 is reciprocated along the guide shafts 305 and 306 and a
recordi ng mediten phnioshgeay 308 beyed mauntedrest foroparperbpéll &L to the
guide shafts, thereby causing the ink jet head 301 to be 20 noved to a
posi ti on opposedotor a3@@swhadhrgenediahgs podriventerCeh&OFe®BVdNEy nmedi um
Then, the ink jet head 301 is operated to eject ink so that the ink is
adhered to thehelesaredagecdPding position on the recording medium 25 An

ink cartridge (recording liquid container) 303, __in which ink t for
hol di ng $nks to beUped gérﬂhég PNKkOf ethRelatH139/ € ?HcBPﬁBP&té&?Kﬁg? _

di sposed at a -4 JUN 2004 _5a30 1ROTLLLON: 208X LLOMRLNE LBk beLdead ik
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 reciprocated along the guide
shafts 305 and 306 and a recording medium (not shown)
is moved in a direction perpendicular to the guide
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. Then, the ink jet
head 301 is operated to eject ink so that the ink is
adhered to the desired recording position on the
recording medium.

25 An ink cartridge (recording liquid container) 303,
in which ink tanks for holding inks to be fed to the

ink jet head 301 are incorporated, is disposed at a




(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_%a 004
whi ch hold four 5 inks respectively, and the ink jet head 301 has inkK je
head el ements correspondi ng respectively 3 tthe four colors. The four feed
pi pes 302 are provided corresponding to four colors of ink. The inks
stored in the ink tanks are fed respectively to the 10 correspondi ng head
elenents in the ink jet head 301 through the feed tubes 302. A recording
liquid feed device for feeding inks to the ink jet head 301 is constituted
by the ink cpbobitdga avayarfdomhehecdakpijeds h@@d, AnksHfesd itudgsy 15 2,
I nks are contained directly within the ink cartridge 303. In the ink
cartri dge 303(a@epeotrdimgd ldfwispfeed pedinsinid®at iage Pevids I@itveesy the
i ntroducing the atnosphere into the ink cartridge 303, as well as ink feed
ports 313, wibk gafrtinidge3dPpeaindg tdves doded &th hegch 3981 -t h&T®p imded ports
313. In this enbodinent, ink is fed to each ink_ jet head 301 by utilizing
a head differecpstrivge 305 coataiagd tonr iiokgitapdiedbdichy i iU ni gher

0

than the ink cartridge 303 and ink is fed. there r redet erm ned
negat i veSpr esdBKE EERBINGTI By -ufid ﬂﬁi‘ﬁg inkg thhé‘f@%g%lewéﬁ“ Fhach
R R e T
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 recording liquid feed device for feeding inks to
the ink jet head 301 is constituted by the ink
cartridge 303 and the feed pipes 302. As shown in Fig.
15 2, inks are contained directly within the ink cartridge
303. In the ink cartridge 303 are formed atmosphere
communication ports 312 for introducing the atmosphere
into the ink cartridge 303, as well as ink feed ports
313, with a filter 304 being disposed in each of the
20 feed ports 313. In this embodiment, ink is fed to each
ink jet head 301 by utilizing a head difference. The
ink jet head 301 is disposed at a position higher than
the ink cartridge 303 and ink is fed thereto under a
predetermined negative pressure condition by utilizing
25 a head difference.
As each feed tube 302 there is used a polyethylene

(PE) tube, and polypropylene (PP} is used as the




In this enbodi nent, an inner surface of each feed tube 302 is rendered
hydrophilic. A description will be given bel ow about a nethod for
hydrophilizing the 5 inner surface of the pol yethyl ene tube used as Tﬁé””zm4
feed pipe 302. First, a hydrophilizing sgjution having a conposition
shown in Table 1 bel ow was prepared. 10 [Table 1] 15 Table 1 Conposition of
t he hydrophilizing solution Conponent Anbunt (wt %

(Pol yoxyal kyl ene) - pol y(di net hyl sil oxane)4.0 Sul furic acid0.5 1 |sopropyl

al cohol 95.5 A polymer sol ution was prepared using isopropyl alcohol as an
organi ¢ sol veplatayRan &f idadHd FidG«h s .vi ng power for a

(pol yoxyal kyl ene) - pol y(di net hyl si |l oxane) as a hi gh-nol ecul ar conpound.
More specifically, rsuldhid @mireiithedst arar natrgani sumsddk was eatdedféod

i sopropyl alcohol in such an anpbunt as to give a concentrated 25 sulfuric
aci d proporti aubien302e ifsd naEndeotad idmipiilSiec w % deddmipedidoy witl mat e

m xi ng. Then, a (pol yoxyal kyl ene) - pol y(di net hyl si |l oxane) was added in
such an anpunbeagitvengibed cw mtepor ta gretthivsl dofr ihydimohl Ui i 7004 - 32
final solution of 4.0 wt% and was then allowed to dissolve and m x
hoanene@us|y;nm@rpﬁg§§a9qu§Eﬁhﬁ”polyethylene tube used as the feed

pipe 302.
First, a hydrophilizing solution having a

composition shown in Table 1 below was prepared.

10 [Table 1]

Table 1 Composition of the hydrophilizing solution

Component Amount (wt%)
{(Polyoxyalkylene)-poly(dimethylsiloxane) 4.0

15 Sulfuric acid 0.5
Isopropyl alcohol 95.5

A polymer solution was prepared using isopropyl

alcohol as an organic solvent superior in its

20 dissolving power for a
(polyoxyalkylene)-poly(dimethylsiloxane) as a
high~molecular compound. More specifically, sulfuric
acid as an inorganic acid was added to isopropyl
alcohol in such an amount as to give a concentrated

25 sulfuric acid proportion in the final solution of 0.5
wty, followed by intimate mixing. Then, a
(polyoxyalkylene)-poly(dimethylsiloxane) was added in

such an amount as to give a proportion thereof in the




hydrophilizing solution. The (polyoxyal kyl ene)-pol y(di net hyl si |l oxane) used
has a 5 structure with one nethyl group replacing the 10 (polyoxyal kyj gl[,)rhemm
group in a main repeating unit of poly (dinethylsilokane) represented by
the follow ng general formula (1): [Generz fornula 1] CH3 CH3 CH3
CH3--SF-0 Si--0 Si--O | CH3 CH3 mn CH3 C3H6 (OC2H4) a(0C3H6) bOR 15 where
mand n are positive integers, a and b are also positive integers, and R
is an al kyl group or hydrogen. A conmercially avail able conpound (trade
nane: Silwet L-7002, manufactured by N ppon Unicar Co. Ltd.) was used.
The bracket ed fijorli goliutidre abo¥0 gererand 2es orhmn aaktewald for a
hydrophilic group, which is the second group (a functional group)

expl ai ned i n Bigsolve and aeigbritirrgencetrliportd @repare dikel ahove?2 in Fig.
33. In the above hydrophili zi ngl solution there also 25 are dissolved a
smal | amount  SYAgaRh i I KLY R RIdi tT¥h to sul furic acid nmolecules in

association with_ the concentrated sulfuric acid. - 4 JUN 2004 - 33
(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 1]

10 ‘ ?Ha [ ?Ha ?Ha ?Ha
CH3*"|Si;“O '?i'—o Si—0O Si—CH3;
l |
CHs; . CH3 m n o CH43

CsHs (OC2H4) 2(OCaHs) tOR

15 where m and n are positive integers, a and b are also
positive integers, and R is an alkyl group or hydrogen.
A commercially available compound (trade name:
Silwet L-7002, manufactured by Nippon Unicar Co. Ltd.)
was used. The bracketed portion in the above general
20 formula stands for a hydrophilic group, which is the
second group {(a functional group) explained in Fig. 1,
corresponding to the portion indicated 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.




Usi ng the hydrophilizing solution prepared above, the inner surface of the
feed tube 302 was subjected to a hydrophilization treatnent. A snal

anount of the solution was charged into the feed tube to wet the 5 TﬁHQN2W4
surface of the tube. After a uniform wet 88rface was obtained, a surplus
solution was withdrawn fromthe feed tube 302 to the exterior. The feed
tube thus wet uniformy wth a filmof the solution was dried in a 60C
oven for 1 hour. In this way the feed tube 302 10 was rendered hydrophilic.
(Conparative Exanples 1 to 3) To check the effect of the above

hydrophi | i zati on Veéagnthe hydrerhétdzpprgpaprdytienupreraréd @hROve ol | owi ng
three conpositions, which were then each 15 applied to an inner wall
surface of a Ppe &BBP?p5B§§P€ﬁePfCGﬁﬁa¢ﬁ8P.tPg? S0P #REN SELIESHEA aEF ve

Example 1 In the hydrophilizing solution conpositiqn _sho in_the above
Table 1, onl yai%BFBBWl&FE‘EFrS?’ ARgazmens-f ufi 8P4 da\Wé’P\é\p‘m‘%ﬁg&”}%get her .

s NS, SOLULLOT L0028 Dot SO 3D R fRoRam Al Shlend |
R e e R e LT
and - 4 JUN 299% bb%éined, 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. 1In 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 surface of a PP
{polypropylene) container.

{1) Solution as Comparative Example 1

In the hydrophilizing solution composition shown
in the above Table 1, only isopropyl alcohol and

20 gsulfuric acid were mixed together. Thus, this solution
does not contain a
(polyoxyalkylene )-poly(dimethylsiloxane) that is used
in the formation of a polymer film intended in the
present invention.

25 (2) Solution as Comparative Example 2

In the solution composition shown in the above

Table 1, only isopropyl alcohol and




(pol yoxyal kyl ene) - pol y(di net hyl si |l oxane) were m xed together. Thus, a
concentrated sulfuric acid is not added to this solution, which soluytion
does not contain sulfuric acid and a small anount of water nol ecul es4 JYN 2004
associated therewith. (3) Solution as Comdarati ve Exanple 3 The sol ution
conposition shown in the above Table 1 was used except that hexane as a
poor solvent for (polyoxyal kyl ene) - pol y(di net hyl sil oxane) was used in 10
pl ace of isopropyl alcohol. Each of the solutions thus prepared as
Conparative Exanples 1 to 3 was charged in a small anount into a tube to
wet an inner dpoflaveysflienaleoli{atiswgtharlsilioraneohm@nfermiied was
turned upside down and was 15 shaken, allow ng a surplus solution to be
withdrawn to togetdereri Fihust, theasandinied THE fWHE M3 the RRY i nner
surface was then dried in a 60C oven fqr, 1 hour. . As control there was

used an unt r eRAERS 5L thlrfe SAUELE AThu SN Y ¢ SHEC KT ¥ a 20

desired surface condition, the results of which are as faollows,. a) Mthod
of the hydropfUltELF &4AND R oﬁﬁnq]lsjlbeamof’ﬂbt i9n &P S fma%e%c%ﬁe? he four

tubes treated respectively with the solution of the conposition showmn 25
in Table%ﬁ ané <§¥ﬁﬁ%ﬁﬂ%§%§%ﬁ??&mmarative Exanples 1 to 3 and the inner

Ater remval of - GO0 B OSSR EEAASRES W LD pure water.
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
15 shaken, allowing a surplus solution 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 untreated tube.
The tubes thus treated were then checked for a
20 desired surface condition, the results of which are as
follows.
| a) Method of the hydrophilicity evaluation on tube
The inner surfaces of the four tubes treated
respectively with the solution of the composition shown

25 in Table 1 and the solutions as Comparative Examples 1

to 3 and the inner surface of the untreated tube as a

control were rinsed with pure water. After removal of




the rinsing water used, pure water was newly poured into the thus-rinsed
tubes and the tubes were shaken lightly. At this tinme, an adhered ~ 4 JUN 2004
condition of pure water to the tube wall surface was checked visually ﬁgp
5 each of the tubes. b) Results of the hydsophilicity evaluation on tube
Wth the untreated control tube as a reference, the wall surface of the

t ube which had been subjected to a 10 hydrophilization treatnment with the
solution of the conposition shown in Table 1 was checked and found to be
wet with pure water. In contrast therewith, as to the tubes treated with
t he sol uti onsthe €Cbnpangt wagerExused, epuret ya3erpwes ReMey BRRTSSser ved to
nove as 15 droplets and the tubes were not wet at all and clearly proved
to be hydrophbbte threthhs-ginsesd: dgbesnengl theypebes| were shdkemat

al t hough (polzoxzalkylene)-ggly (di net hyl sil oxane) is .contained in the
sol utions as 1PghtdWpar Ati FBisx&ifes 3 2RGeTed GO OR Afe™Y?e onto the
tube surface is not perforned ef%ﬁ tively and thg}?g &h ref.ore .t he

(pol yoxyal kyl BRESEp&Py EREnEURR ¥Rtlox SHEF AR AR SHEF ViSRS of
the container with pur PLer after the treatnment and just before

eval uation. 282 PEet§tha ff8nd, as to the treated tube using the

T L, ! 1 o MO RE T A (245 el he

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
composition showﬁ 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 and the tubes were not wet at all and clearly
proved to be hydrophobic like the untreated control
tubes.

It is seen that although (polyoxyalkylene)-poly

(dimethylsiloxane) is contained in the solutions as

20 Comparative Examples 2 and 3, adsorption thereof onto
the tube surface is not performed effectively and that
therefore the (polyoxyalkylene)-poly(dimethylsiloxane)
was washed off upon rinsing of the container with pure
water after the treatment and just before evaluation.

25 Oon the other hand, as to the treated tube using
the solution of the composition shown in Table 1, even

after rinsing the treated tube with pure water, the




tube was found to be wet with pure water and thus it is seen that the

(pol yoxyal kyl ene) - pol y(di net hyl si |l oxane) wused was firmy adsorbed oangW2m4
tube i nner surface and that the adsorption was perforned effectively.

| ook at the above results of evaluation-chhgardy shows that a
hydrophilization treatnment for the surface of a plastic tube is perforned
effectively by applying thereto a solution containing a polyal kyl sil oxane
havi ng a pol yal kyl ene oxi de chain, an acid and an 10 al cohol and by
subsequent drying. It is also seen that a desired orientation and adhesion
of a hi gh- nol eableawaspdopamidk ytcs ibleoxarte widht fpairey va tiepnh @nds tihfusc el tardes

attai ned by conducting the treatnent in the presence of an acid and an

al cohol . Furt seen dbap dtheni (e lwestyladgyleng pingswi (diswihydsidiaspngl d and

al cohol to afford a clean plastic surface, it becanme clear that the nethyl
group noi ety efsesh waskigmlex adeorbegconte ddhey tuyhedanety SHifiass a
pol yal kyl si |l oxane having a plastic surface and po] yal kyl ene oxi de chai n,
whi ch exhi bi t §ng Xhaiy RS BEOEY é",asw&’?’%ﬁqré'{‘)ﬁde(? THYH¥asti ¢ surface
and that for this reason the entire adhesi force was _.i.nproved. Besides,
by di ssolving the PolyafkAtsit a’%‘?é"’%éﬁsr‘r'ég‘f ;S’oﬁc yARVIEHS noxcfl(fearc_ﬁéi_n in
U I R R s B L L
chain unifor”%*(§1ﬁié§€¥giéhﬁ%”ﬁé“ﬁ%ffﬁyﬂggxg%feé%&vely by applying
thereto a solution containing a polyalkylsiloxane
having a polyalkylene oxide chain, an acid and an
10 alcohol and by subsequent drying. It is also seen that
a desired orientation and adhesion of a high-molecular
polyalkylsiloxane to the tube inner surface are
attained by conducting the treatment in the presence of
an acid and an alcohol. Further, coupled with washing
15 a plastic surface with acid and alcohol to afford a
clean plastic surface, it became clear that the methyl
group moiety of an alkylsiloxane structure as a
repeating unit in a polyalkylsiloxane having a plastic
surface and polyalkylene oxide chain, which exhibits a
20 hydrophobic nature, was oriented on the plastic surface
and that for this reason the entire adhesive force was
improved.
Besides, by dissolving the polyalkylsiloxane
having a polyalkylene oxide chain in an alcochol which

25 is a good solvent for the polyalkylsiloxane, it is

possible to disperse the polyalkylsiloxane having a

polyvalkylene oxide chain uniformly on a plastic surface




and allow it adhere to the plastic surface effectively. |In case of nere
application and drying of a surfactant having a hydrophilic group, -amJunzqy
initial hydrophilic nature is obtained, but rinsing with pure water w |

i medi ately results in the surfactant belag di ssolved in water, wth | oss
of the inparted hydrophilic nature. Thus, the above hydrophilization
treatnent can be carried out uniformy and continuously. According to

this treating nmethod, noreover, a hydrophilized surface 10 316 can be
formed on the inner surface of the feed tube 302 by a nolecular |evel of a
t hi n pol ymer anhimeMibeh itsadhegley toaddes plag tdlcasye fiace esfifoetdiveigter. The
hydr ophi | i zed surface 316 al so exhibits air perneability and el ution
preventing ef IsctasByofugiere Bpplyidadion iangt deying sfhentsunfaatassi bl e
to inmprove the fluidity of the recording liquid within the feed tube 302.
AS 1o the priRavpng ef ydicopbiaisc T Binc ARIEHAhyaassSIAER | on) , |

w Il be described later. 20 If the inner surface of the feed tube 302 is
not render edPRAFHEEpAS PEtaiRedai PUthiTdRSHRS FAsde®UIH SRAPT (et Wal | of

the feed tube 302 is apt to adhere to the tube inn surface and fornms a
bubbl o 385 oniFREHESELY FASD qﬁi?rflé’cg RSl Byt adrdo o a1
25 L, adher e LRk LBSE R0 295 R Wb leat R GR e ddien | o
Wth the bubble 4 }Hus,ogﬁé'éﬁ%ve hydrophlllzatlon 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
modification (hydrophilization), it will be described
later.
20 If the inner surface of the feed tube 302 is not
rendered hydrophilic, the air which has passed through
the wall of the feed tube 302 is apt to adhere to the
tube inner surface and forms a bubble 315 on the tube
inner surface, as shown in Fig. 3A. The bubble 315
25 thus adhered to the inner surface of the feed tube 302
is difficult to be drifted even if there occurs a

slight ink flow within the feed tube. With the bubble




315 thus adhered to the tube inner surface, the ink does not contact the
bubbl e- adhered portion of the tube wall, so that the osnotic pressunqun i
the ink beconmes |ower. Consequently, the entry of air into the feed 5 ug@
302 fromthe bubble 315-adhered portion-i 88 accel erated. On the other hand,
in the feed tube 302 whose inner surface has been rendered hydrophilic as
the hydrophilized surface 316, as shown in Fig. 3B, even if 10 air which
has passed through the wall of the feed tube 302 adheres to the tube inner
surface and forms a bubble 315, the ink is conducted al ong the

hydr ophi | i zed336r thoe 3dbezed: o thie tpbet ionerosunitare. t keepdHi e 315 is
adhered, so that the area of 15 bubbl e-adhered surface decreases and
event ual | y t hdoebubbltecensarsatbe bubbighadhared PEItics 24d theodilbe
Consequently, the bubble 315 is carried away by the ink K easily at the tine
of feeding i nkalBesFge$hasi ftbe Pﬁ@otPﬁka§S§Hﬁ&u9Fe&h§I&H% %ﬁé%mes

hydrophi | i zed_surface 316 at 20 _t he bubbl e- adhered _partion.of the feed tube
302, the ent AP¥BF -ai FOPSEFUERE Weed u88%§§2° rgﬁffﬁgtob&&ﬁ g%gghered

portion can be preyented under the .osootic _.pressure of. the ink. Thus, in
t he recopdingtPB&uggafggﬁmd ecéugpl gg% Egggﬁggd'ﬁg%fPhéﬁﬁbe t he inner
surface of the feﬁ% t%%%. 302 is rendered hydrophilic, it is possible to

reduce the s?gﬁﬁ “8f“ttie bubble 315 within the feed tube 302 - 4 JUN 2004
- 39 On the other hand, in the feed tube 302 whose

inner surface has been rendered hydrophilic as the
hydrophilized surface 316, as shown in Fig. 3B, even if
10 air which has passed through the wall of the feed tube
302 adheres to the tube inner surface 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 eventually 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 hydrophilized surface 316 at
20 the bubble-adhered portion of the feed tube 302, the
entry of air into the feed tube 302 from the
bubble-adhered portion can be prevented under the
osmotic pressure 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




and hence possible to prevent the ink flow frombeing obstructed by the
bubbl e 315, thus permtting the ink to be conducted efficiently. Moreoyer
the ink can be fed at a high flow rate because it is possible to 5 iﬁ;-ﬁ@émﬂ
the ink fluidity. Even if the bubble 315 88 -fornmed in the tube interior,
the continuity of the tube can be recovered easily by recovery nmeans such
as, for exanple, 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 enbodinent it is possible to feed ink
efficiently, sl h¢nis possible to preveasethfeinsaféouf frRE@ PREMEEl d by

t he absorber 310. Further, since the bubbles 315 which adhere directly to
the feed tubeobtreated by theilbubbisgi Bla, tEhBFe9§ﬁF1Fﬁé“SCEUPréﬁ@e of a
gas inducing state fromthe exterior of the feed tube 302 it
difficult fort@H@ebetblbqikéCB?c@ 96fg1=bw“c#ﬁe sﬂPF*ae&er the #p EP“s may be

render ed ﬁ%ghlllc by the_ sane netp as that . orothe Pnn 5 20 surface
of the feed t apo3 E&gﬁsfﬁawtﬁ@tFl BERYSBg  fadPngOPREPLRUSO hydr ophi | i zed

f th k held 3Q4 b d .eff tly t
fﬁ; a$?|§ere3%g95%$?lBﬁgaﬁﬂﬂggg G Rer %agf %P%OBHHE&E 3§85 G ently to

gnducte Snoo to the feed t ube

302, Mor eover, by hys gk @gbghgnwm e %9250;,5@89 ke 30 aidnaohi i ¢

it is pOSSI b|£ :F ecrease a pressure OSS cause I'ter

Heretofore, ag fhg.fiLLEGe208 LhEieyhas PeeBvEsgdmeatis] SR04 - 0
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 exterior of the feed tube 302 to make it
difficult for the bubble 315 to grow.

The surface of the filter 308 may be rendered
hydrophilic by the same method as that for the inner

20 surface of the feed tube 302. By using the filter 308
having the thus-hydrophilized surface, the ink held by
the absorber 304 can be conducted efficiently to the
filter 308 portion and can be conducted smoothly to the
feed tube 302. Moreover, by thus making the surface of

25 the filter 308 hydrophilic, it is possible to decrease
a pressure loss caused by the filter.

Heretofore, as the filter 308 there has been used




a filter of a shape capable of preventing its flow resistance from
becomi ng too high, but the use of the surface-hydrophilized fiIter-@Q@Nzﬂ
permts the use of various filter shapes such as using a filter 308 of a %
finer mesh, thus making it possible to inmaoove the filter function.
(Second Enbodi nent) The second enbodi nent of the present invention wll
now be described with reference to Fig. 4, which 10 is a schematic
sectional view of a recording liquid feed systemaccording to this second
enbodi nent. As shown in Fig. 4, this recording liquid feed systemis

provi ded wit haasilskrcaft ei dhepeacspebile odopravesting23dtsafliavk hol di ng
chanber 327 integral 15 with an ink jet head 321, the ink holding chanber
327 cont ai ni ngsastabser fepm3pécanicl Koldbhighk bukpdhgr Mse of tthe
capillary force, and a feed tube 322 for conducting ink fromthe ink
cartridge 3235umfacehbyﬂﬁraphﬁériéeﬁgféﬂé;%eﬁoﬁzpermﬁgcﬁhé%w%?aﬂfri dge 323
are 20 formed an atnosphere communi cation port 325 faqr _intrqducing the
at nospher e anWazipugd fpater3shapss SHED AS#SIPY fk FitteT 84 fu%§9322 i s

inserted into the ink cartridge 323 through.the feed port 326. In the
recor di n§ IiqﬁFBeFe@&SHevFPQSO%aFﬁpg 25 EW%E&%ﬁgnFP EH%IFEEH%iﬁk fromthe

I nk cartridge 3i3 tof th%.absorber 324 is perforned, for exanple, by
detecting a r&St&EE TERGGHP 6f ink held in the absorber - 4 J UN 2004 - 41

{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 according to this second embodiment.

As shown in Fig. 4, this recording liquid feed
system is provided with an ink cartridge (a second
container) 323, an ink holding chamber 327 integral

15 with an ink jet head 321, the ink holding chamber 327
containing an absorber 324 which holds ink temporarily
with a capillary force, and a feed tube 322 for
conducting ink from the ink cartridge 323 into the ink
holding chamber 327. In the ink cartridge 323 are

20 formed an atmosphere communication port 325 for
introducing the atmosphere and a feed port 326 for the
feed of ink. The feed tube 322 is inserted into the
ink cartridge 323 through the feed port 326.

In the recording liquid feed device of this

25 embodiment, the feed ink from the ink cartridge 323 to
the absorber 324 is performed, for example, by

detecting a residual amount of ink held in the absorber



324 with use of an electric probe (not shown) or the like and by turning ON
a punp (not shown) if the detected signal indicates a shortage of +hKUNGIH
by the absorber 324. 5 An inner surface of the feed pipe 322 is rendered
hydrophilic like that in the first enbodi a&nt. As the absorber 324 is used
a negative pressure generating nenber constituted by a PP fibrous
absorber. In the PP fibrous absorber, the surfaces of its constituent 10
fi bers are rendered hydrophilic, which hydrophilization is preferably
carried out on the basis of the sane principle (to be described later) as
that described2d4nwitheusir of enbedesénic PRObRI nekbsbPHRAt OTsith€e t he
fiber surfaces in 15 the PP fibrous absorber 324 are _rendered hydrophilic
and are therelbke dhdhbyntweniagi PNt ¢, PeAe (ARtaBESFBIngfsEB&d of the

fibrous absorber is high and ink can be absorbed efch'eBth%ng& the
absor ber 324.detestedsSignadeipHACPLER PeSPOTAALE GﬁrFHB f e} 20 is

low in the fibrous absorber portion, it is possible to conduct ink to the
ink jet head 82$08PeFcPéfltly. Further, since the inner surface of the feed

e oo os' B PUARRETbBent B SR BRGEPRCUE! S B! Keply  hrovon
Embodi ment) TheatBbhd188P9diaPthat! henlr 3358k LRYERUMAALY | las the! UN 2004

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, the ink
absorbing speed of the fibrous absorber is high and ink
can be absorbed efficiently by the absorber 324.
Besides, since the flow resistance during ink movement

20 is low in the fibrous absorber portion, it is possible
to conduct ink to the ink jet head 321 efficiently.

Further, since the inner surface of the feed tube

322 is rendered hydrophilic, ink can be conducted
efficiently through the feed tube 322 as is the case

25 with the first embodiment.

(Third Embodiment)

The third embodiment of the present invention will




now be described with reference to Figs. 5A and 5B. Figs. 5A and 5B are
schematic diagrans of an ink cartridge as a constituent of a recordﬁﬂyN2W4
liquid feed device according to this enbodinent, in which Fig. 5A5is a
sectional view and Fig. 5B is a perspecti42 view of a communicating
portion 55 and thereabouts. As shown in Figs. 5A and 5B, this ink cartridge
Is provided with a liquid storage chanber 51 with ink stored therein
directly and an absorber containing 10 chanber 52 with an absorber 53
received therein which absorber absorbs and holds ink. A partition wall 54
is formed behweebetestribed withageferanper to1Faag-t RB aBBsdFver

contai ning chanber 52, and the liquid storage chanber 51 and the absorber
cont ai ni ng chiiber 52 and 55 ssparghematienfdéaoR2Benet eRcdpK a

comuni cating portion 55 which is opened_in a | ower engéof_tthﬁggrtition
wal | 54. |n t@erapieeseRScanEAPAtAGUERANBEr @ §8Cerdingr HEav4S phere

inlet port 56 for introducing the atnosphere and a _feed port. 57 f,or ink 20
feed. On the 4B8¥&FBePEBRHEAPHI KT EﬁéﬁbEPB§§1898§fo%n ' éc%aféﬁfiéﬁﬁwaJl 55

are forned three gas-|li qui exchange .gr.oo .58 ' d from
t he conﬁunicéﬁiﬁgS%EF%gﬁhq5§}é$hgngbgggbegggégi?mgkﬁgggﬁﬁgggbggggﬁre

generating Zggggnggkwﬁgkggtgﬁgfggg%ﬁég ggg% vV enRressyga th a capillary

force of a po rous ria I 'mul taneously with i nk being
absorbed into the 1s4sﬁgun29Q4Fig§3 5A and 5B, this ink cartridge is

provided with a liquid storage chamber 51 with ink
stored therein directly and an absorber containing
10 chamber 52 with an absorber 53 received therein which
absorber absorbs and holds ink. A partition wall 54 is
formed between the liquid storage chamber 51 and the
absorber containing chamber 52, and the liquid storage
chamber S1 and the absorber containing chamber 52 are
15 separated from each other except a communicating
portion 55 which is opened in a lower end of the
partition wall 54. 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 wall 55 are formed three gas-liquid
exchange grooves 58 which extend upward from the
communicating portion 55.
The absorber 53 is a negative pressure generating
25 member which generates a negative pressure with a

capillary force of a porous or fibrous material.

Simultaneously with ink being absorbed into the




absorber 53 fromthe |liquid storage chanber 51 through the conmunicatin
portion 55, air is conducted into the |iquid storage chanber 51 t hrdu 2004
the gas-1iquid exchange grooves 58. By a gas-liquid exchanging 5 operation,
ink is fed fromthe liquid storage chanbed3 51 into the absorber containing
chanber 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 in the absorber 53 which
interface is a boundar% between the ink absorbed portion_and the ink
unabsor bed poabserbes| Rde frRa ithR 1éaﬁﬂﬂi§§@rB§Pn&RéHP§Fdéﬂe&hF?“§Fbvided
with the absorber 53, there accrues a nerit _such that, i nk can be fed
fromthe feedther commupAgatinds OTEARM 2Pk y2ikohst SAPNESEL FRTS: &

condition. A negatiyVv a PP flbrous

aﬁsorber i s usdfuid Fﬁ8@%§§3% am ene%ﬁt%ﬁggugﬁggbeﬁg%%ahghg Bp is used as
the mate | of th tit 20 54 I

partitioalaalgxg aﬁg aérbﬁbﬁgogﬁillz @ ageggééoﬁgg hgqgé wLPgh isin
contact §ﬂpth ARIgLel 331 ol ted Sf%w enl 1 14054 Re S ool @iBRiean area of

t he hydr ophil i surtace” to cover t of “the partition wall

54 whi ch faceg rlpn%oa%%r %%rso%@étra'dyn%lﬁli%@j%ﬁlaﬁl%e% ®.0r piss & 0 cover
fromthe | ower portlon of the partition wal 4 up to - 44 - 4 JUN 2004

result, the ink thus absorbed in the absorber 53
reaches a position near the upper ends of the
gas-liguid exchange grooves 58, with a gas-liquid
10 interface 59 being formed in the absorber 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 feed port 57 under a substantially
constant negative pressure condition. A negative
pressure generating member containing a PP fibrous
absorber is used as the absorber 53 in this embodiment,
and PP is used as the material of the partition wall
20 54.

In this embodiment, the partition wall 54 has a
hydrophilized surface 60 on its side which is in
contact with the absorber 53. It is optional whether
the formation area of the hydrophilized surface 60 is

25 to cover the whole of the partition wall 54 which faces

the absorber containing chamber 52 side or is to cover

from the lower portion of the partition wall 54 up to




t he upper ends of the gas-liquid exchange grooves 58. It is preferable
that the hydrophilization be carried out on the basis of the sane
principle (to be described later) as that shown in the first enbodi gl 200%
Since the hydrophilized surface 60 is thug44fermed on the partition wall

54, ink is conducted to the absorber 53 through the conmunicating portion
55, 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.
Consequent | y, theeuppér aendsyofnihe gap-liapieserEhapgewdERCVRE partiti on
wal | 54 and the absorber 53, an air path_is difficult tg be fornmed because
the gap is 15L%i1i$ecoraferabPhR. tRtis thahBHAFRBNALIZALAGPIPPNEEFTFAEE 59

reaches the upper ends of the gas-|iquid exchange. grooves 58, th
i ntroduction @ataPR FheoPRALS| Phuihe §Pﬁ?a5€18ﬁ29%3r(%? §Fo§355ﬁ63§%‘does

the gas-liquid  exchangi operation, .that.is. the fe f ink fromthe 20
li quid storag%aEﬁEthF gﬁgFogEﬂgnabgoFbg %lrst em%odlﬁg ¢

r-contarning charber 52 stops. In

this way_the gaséL%ﬂgkgekgtg%feggggig+%§§gg§§fggab%9 Reakni,Re fdRRIg ends of

t he gas-?iquid re, 1t is possible to prevent

the gas-liquid_ i rf . r | €4N0; AR € 522 hRAAR tRBCeSSahe or from
reachi ng the ﬁﬁpgbge %gg%égﬁé ggggoﬁgérlggntginfng chanber 52, which is

caused by fOéBEBEBQrOESa@hﬁbhgﬁakheb%bWﬁﬁﬁiEEQiﬁ@rbb&&ﬁ&dMﬂﬂ,5ﬁ%ﬁ
-4JUN2004 - 4
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 difficult to be formed because the gap is
15 filled with ink. Thus, when the gas-liquid interface
59 reaches the upper ends of the gas-liquid exchange
grooves 58, the introduction of air into the liquid
storage chamber 51 stops and so does the gas-liquid
exchanging operation, that is, the feed of ink from the
20 liguid storage chamber 51 to the absorber containing
chamber 52 stops. In this way the gas-liquid interface
59 becomes stable near the upper ends of the gas-ligquid
exchange grooves 58. Therefore, it is possible to
prevent the gas-liquid interface 59 from rising more

25 than necessary or from reaching the upper end of the

absorber containing chamber 52, which is caused by

formation of an air path between the partition wall 54a




and the absorber 53 and which would lead to ink |eakage. In the ink
cartridge according to this enbodi nent, as described above, since_}@g
contact surface of the 5 partition wall 54 with the absorber 53 is r % 208¢
hydrophilic, it is possible to performa ggable gas-liquid exchanging
operation and feed ink stably. Further, the gas-1liquid 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 nake managenent so as to prevent the formation of such a gap and the
insertion of ah& thbsabberb&8 bAt entthwhabbowbuldcdaadi kbngnkhanber 52, as
wel | as the managenent thereof, can be done easily, 15 thus permtting an
ef fici ent nmanuéakagee. (Fourth Enbodiment) As shown in Fig. 6, an ink jet
head cartridge containing a recording liquid container according to this
enbodi nent conpri s&s &hej arKj errksadggnpecesging 30 hbBlgePTPEE IR Hegat i ve
pressure control chanber unit 100_containin% an absorger co t? ni ng
chanber 52, am8 darcrakedaakoymit S206ScbhBaFRPHECE PHPGIRFS chamber
51. The negative pressure_control .ch g?er uni% 13@ I.s fixed wiihin the
hol der 180 anBarkdtiAR P@@lhéﬁdwéggu% 2BHOFEoFi leorgﬁgeﬁﬁ ersi de of
t he negative ressur.e control. chanhe uni% §%% gge nggatige pressure
. b 1
control chanbg dﬁﬁpgli66'|§tn§8epﬁﬁsé gt 26014 °- %%
gas-liquid exchanging operation and feed ink stably.
Further, the gas-liquid exchanging operation can be
stabilized even if there is a slight gap between the
10 partition wall 54 and the absorber 53; therefore, it is
scarcely required to make management so as to prevent
the formation of such a gap and the insertion of the
absorber 53 into the absorber containing chamber 52, as
well as the management thereof, can be done easily,
15 thus permitting an efficient manufacture.
(Fourth Embodiment)
As shown in Fig. 6, an ink jet head cartridge
containing a recording liquid container according to
this embodiment comprises an ink jet head unit 160, a
20 holder 150, a negative pressure control chamber unit
100 containing an absorber containing chamber 52, and
an ink tank unit 200 containing a liquid storage
chamber 51. The negative pressure control chamber unit
100 is fixed within the holder 150 and the ink jet head

25 unit 160 is fixed to the underside of the negative

pressure control chamber unit 100. The negative

pressure control chamber unit 100 is made up of a




negative pressure control container 110 having an opening fornmed in an
upper surface thereof, a negative pressure control chanber |id 120 4 JUN 2004
attached to the upper surface of the negative pressure control container
110, 5 and an absorber 53 for holding inrk 4tnh-an i npregnated state, the
absorber 53 being inserted into the negative pressure control container
110. The ink tank unit 200 is constructed so as to be renovable fromthe
hol der 150. A joint pipe 180 as a 10 to-be-connected portion is forned in
t he negative pressure control container 110 on the side facing the ink
tank unit 200nsudhtiye EREIeEaRPEdithe @@ diMer a1 19 SaHigbrd™ 230 of the

I nk tank unit 200. The negative pressure control chanber unit 100 and the

i nk tank unit oPRrdeW frmeshsi it PR (AR THRESReseht"S9T M ¥t he
100 ¢ hrough B RSHHRR (O 5tk VAR 1151 TS R chsst aict THE SRR por
Cank uni {200 SR 6t A T BRSPS T | S RaieE L850
Dosi ti 0ot natd T R m e g e R A, &P e halbed e
chamber |id 1258;;:{1;295 i%%g{%@%?ﬁ% e SN CARLE OO hedd Bi far

comuni cat i on "bet Ween of the negative pressure contro

contai ner 110 Andd e Wi stAS1 Adntaides UN@O04 - 47

The ink tank unit 200 is constructed so as to be
removable from the holder 150. 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 connected 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 constructed to that the ink present within the
ink tank unit 200 is fed into the negative pressure
control chamber unit 100 through the connection between
the joint pipe 180 and the joint port 230. ID members
170 for preventing an erroneous mounting of the ink
20 tank unit 200 are integrally projected from the
negative pressure control container 110 on the side
facing the ink tank unit 200 and at higher positions
than 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,




here between the absorber 130 received within the container 110 and the
outside air. Wthin the negative pressure control container 110 and4gﬂw;ﬁ&

vicinity of the atnosphere conmunication port 115 are forned spaces
ribs projecting fromthe negative pressdré7coentrol chanber |id 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. Wthin the joint port 230 is

di sposed a val ve 10 nmechani sm which conprises a first valve frame 260a, a
second val ve frame 260b, a valve body 261, a valve lid 262, and an urging
nmember 263. Thereabetwbedytbelabsorbappbdegeseivgsl Yithini f#Pthe second

val ve frame 260b and is urged toward the first valve frape 260a _hy the 15
urgi ng menbercesgaimgenlifeapdi fhepprpésits PérnothFﬁéﬁngg PREGHE j oi nt

port 230, an edge of the first wvalve fra 26ga:si g por.ti.on. of the valve
body 261 is DUSHEHTBYCPRETPLr SPNVALPETT F‘gﬁeaQ oénbg BhEIGFOYY Porce of
the urgi ng nenber 263, whereby the.interior of the in n I t. 200 is
kept air-tightheVaEROBREELE; mBPBécfgbopspPﬁgegigdafﬁtgogﬁéaj%ﬁ#&eﬁxnt
230 and the val ve body 261 is._push t L.QlL ' 0 ves awa
fron1the%firsgyvﬁﬁg§ %59@35§635 §F§§ ?ﬁ?egggkggpgtﬁnggfﬁg S?%%r%gb d

communi cat es wLh,22 198 LAPCLHOkHA' Sie keBkihgNknunbbsdBakhsayghusn

openi ng formed i ace of the seco ve frane 260b. As a result,

the interior of §hgd akyl 3 URbhce 416UN0AGR4tuted By an ink

(liquid)-free area in the absorber.
Within the joint port 230 is disposed a valve
10 mechanism, which comprises a first valve frame 260a, a
second valve frame 260b, a valve body 261, a wvalve 1lid
262, and an urging member 263. The valve body 261 is
supported slidably within the second valve frame 260b
and is urged toward the first valve frame 260a by the
15 urging member 263. When the joint pipe 180 is not
inserted into the joint port 230, an edge of the first
valve frame 260a-side portion of the valve body 261 is
pushed by the first valve frame 260a by the urging
force of the urging member 263, whereby the interior of
20 the ink tank unit 200 is kept air-tight.

When the joint pipe 180 is inserted into the joint
port 230 and the valve body 261 is pushed by the joint
pipe 180 and moves away from the first valve fame 260a,
the interior of the joint pipe 180 communicates with

25 the interior of the ink tank unit 200 through an

opening formed in a side face of the second valve frame

260b. As a result, the interior of the ink tank unit




200 is released fromthe air-tight condition and the ink present wthin
the ink tank unit 200 passes through the joint port 230 and the jOL“éJQNQ 4
180 and is fed into the negative pressure control chanber unit 100. ha
is, by opening of the valve |ocated wthi#8the joint port 230, the
interior of the ink containing portion of the ink tank unit 200 in the air
tight condition assunes a state of conmunication only through the

af oresai d opening. 10 The ink tank unit 200 is conposed of an ink

contai ner 201 and an I D nenber 250. The ID nenber is for preventing an
erroneous nouR®0ngsarelkesefdnfron thei aimgtigbti srrddiiognend2dd®eind t he
negative pressure control chanber unit 100 with each other. The ID 15
menber 250 i sifisrpegsanthwikbipi the dakvEapkahpiFe@dC PRSFeFsithF A4 1irst
valve frame 260a there is fornmed a_valve nechanismfar c nLro? ing the
flow of ink wkh@idoipkePpstne3fopnd2the FRLEY RI-PE r}@g)hﬁ‘ﬁﬁ rhS ought
into engagenent with the joint i%e 180 in %helne %ﬁﬁ%% %%iqu§ﬁyre contro
chanber unit iﬂﬁotﬁhﬁfP@@?téﬁeog§ PR Cafa CESsi g Operation. 1m a front
side of the ID nenber_ 250 whi.ch si.de,fa h i s control
chanber dni t Tbettﬁ?rebgr8p98%§§d%FD%P§C§§§§% §€§%%%%'§§é%8ﬁf§#§§an

erroneous inseggh%n 8;tta?0in%h82§n&%9§0@nb% 9@ iHke doMeaaentRj ner 201 is
a generally pPlsnatPc hol'"éw ‘cont ai ner which has a negative pressure - 4
JUN 2004 - 49portion of the ink tank unit 200 in the air tight

condition assumes a state of communication only through

the aforesaid opening.

10 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
control chamber unit 100 with each other. The ID

15 member 250 is formed with the first valve frame 260a,
and using the first valve frame 260a there is formed a
valve mechanism for controlling the flow of ink within
the joint port 230. This valve mechanism is brought
into engagement with the joint pipe 180 in the negative

20 pressure control chamber unit 100 to effect an opening
and closing operation. 1In a front side of the ID
member 250 which side faces the negative pressure
control chamber unit 100 there are formed ID recesses
252 for preventing an erroneous insertion of the ink

25 tank unit 200.

The ink container 201 is a generally prismatic

hollow container which has a negative pressure




generating function and which is conposed of a housing 210 and an inner
bag 220. The housing 210 and the inner bag 220 can be separated frpg1§ﬁ @4
other. The inner bag 220 is flexible and can be deforned with 5 dis H 3
of ink contained within the bag. The inne49 bag 220 has a pinch-off portion
(wel d portion) 221, whereby the inner bag 220 is supported in an engaged
formw th the housing 210. Further, an outside air comrunication 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 housigen@idtimg ofighcthenocandi deiahriscoanbasedt P6n2pBPusS22g. The ID
menber 250 is joined to both housing 210 of 15 the ink contajner 201 and
the i nner bag2P@0and nanhisnerabag 2%@-IEWh%nB@PSQBQ ?40; 8nAed®o the i nner
bag 220 by wel ding between a sealing surface 102 of the inner__bag at an
ink outlet poinhen bagtAd0arnchbat apRarabed f5A eRENcBEP&EpondPfRg surface

of the I D nmenber 250 at_20 the joint gort 230 pgrtio mhﬁre9¥hthe feed
port portioniBRer heagnk2@oktafherihde PRAsEAPe ecSﬁ%PEPS yyt*do that the

a0 S ner s R EEThRGBEMRRe, FELNER" shhcpb, IR seiiend | e
B R s R

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. In this
case, the ID member 250 is joined to the inner bag 220
by welding between a sealing surface 102 of the inner
bag at an ink outlet portion of the ink container 201
and the corresponding surface of the ID member 250 at

20 the joint port 230 portion, whereby the feed port
portion of the ink container 201 is sealed completely,
so that the leakage of ink from the sealed portion
between the ID member 250 and the ink container 201 is
prevented at the time of mounting or removal of the ink

25 tank unit 200.

Wwhen the housing 210 and the ID member 250 are to

be joined together, an engaging portion 210a formed on




an upper surface of the housing 210 and a click portion 250a formed at an
upper portion of the ID nenber 250 are at |east brought into engagequhk

w th each other, whereby the ID nmenber is substantially fixed to the JUN 2004
5 container 201. As to the ink jet head-160, -recovery to the normal state
can be done by ejecting ink forcibly froman ink ejection orifice closed
with a cap or by sucking ink by suction neans 5010 in a closed state of
the ink 10 ejection orifice with a cap 5020. In the ink cartridge according
to this enbodi nent, as described above, the |iquid storage chanber 51 and
t he absorber anntipperngucliacBepf52har bopsdngddd0 sagapatefl¢ks POMTEAh ot her
and both are in 15 communication with each other through the joint pipe
160, through @APehfprpedt Asr @nj YPPErt BPFEACFasf| thei 40 BRERSRg& COThe
foll owi ng description is now provided about the novenent of ink between
the ink tank emptagodeass broughé ABFS: PPEPPRSES ¥itbnEAGN O Fer unit

100. When the ink tank unit 200 and .t he pe ati\zel &r%ssure %pq&{oGthanber
unit 100 are MBERERYt 558t ADr megbery ig gubgkantia il I3Xee i WNehi

i the ink
cont ai ner 201 noves int@ t he negative pressure control chanber 25 unit 100
until thé int 6PREPIPPEsSlte of the negative pressure control chamber unit

Fo0 208 M3t Jon bods o RN R Yer? RealPGRET LRy RRORHY RSmeL 11

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 joint pipe
160, through which pipe there is performed gas-liguid
exchange.

The following description is now provided about
the movement of ink between the ink tank unit 200 and

20 the negative pressure control chamber unit 100.

When the ink tank unit 200 and the negative
pressure control chamber unit 100 are joined together
as in Fig. 9A, the ink present within the ink container
201 moves into the negative pressure control chamber

25 unit 100 until the internal pressure of the negative

pressure control chamber unit 100 and that of the ink

container 201 become equal to each other as in Fig. 9B




(this state is designated an initial use state). Wen the consunption of
ink by the ink jet head unit 160 is started, the ink present within th
inner bag 220 and the ink held in the absorber 53 are 5 consuned wh I-@N 2004
taki ng balance in a direction in which -thé val ues of static negative
pressures generated from both the interior of the inner bag 220 and the
absorber 53 increase. Wen the anount of ink present within the negative
10 pressure control chanber unit 100 decreases fromthe state of Fig. 9C
and the joint pipe cones into comunication with the atnosphere, gas is

i ntroduced i itbishethteedshdgsigoaitese@PateiFidnd USRsEE2F e ink  present
wi thin the inner bag 220 noves into the 15 negative pr.essur hanper unit
100. Thus, the absWhBer th&scﬁ’ﬁ‘ﬁﬂf‘@ft%“aoﬁeéf’ﬁy &orr aﬂf’iné@g:ti%\?ear%ressure
agai nst the discharge of ink while retaining the as-l.iquid i.nt ace.
When al | of tH@iltnl%%Br dSeftarfethi Pfilﬁé‘nikm?%ﬁsﬁgé: g&% 1515%#%@' n?én o the
negative 20 pressuyre control ch er, unit 0 r gas-liquid
exchange condPF‘Hoﬁ,Z%t ﬁ‘é‘%i RS éﬁ%ﬁ?‘?&fﬁ“t P]:I:h% a?)%gg#%gaﬁés%% essure control

chanmber unit 100 is _consuned.,l.n thi odijrenty L diperisuhiaae of a
joint 28 pi pEoBPUASS B’é‘élr#esuaﬁkégl e atS'Lgl % hydr ophi i zation treatment to

form a hyqupQELi%%iu§%“% % 03135 ddydti%e phsshirdss guheiwdd ertdmt the
hydr ophi | i zation - Oéf- 2
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 immediately and instead the ink

present within the inner bag 220 moves into the

15 negative pressure chamber unit 100. Thus, the absorber
53 maintains a nearly constant negative pressure
against the discharge of ink while retaining the
gas-liquid interface. When all of the ink present
within the inner bag 220 has moved into the negative

20 pressure control chamber unit 100 through such a
gas-liquid exchange condition, the ink remaining within
the negative pressure control chamber unit 100 is
consumed.

In this embodiment, an inner surface of a joint
25 pipe 61 has been subjected to a hydrophilization

treatment to form a hydrophilized surface 70 as in Fig.

7B. It is preferable that the hydrophilization




treatnment be perforned on the basis of the same principle (to be described
| ater) as that referred to in the first enbodinent. Thus, in the i UN 2004
cartridge according to this 5 enbodi nent, since the inner surface of %e
joint pipe 61 is rendered hydrophilic, -tke i-nk held in the liquid storage
chanmber 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 conducted efficiently fromthe liquid storage chanber 51
into the absorber containing chanber 52. Besides, even if the joint pipe
61 i s sonewhatreathientdbepwerdormedacd the desdsbef &bet giameng chanber 52,
it is possible to feed ink smoothly wi thout causing ink 15 exhaustion. In
the ink cartrpddacapder ditegbeo deilsics ibesodioent aghdhet Feferrethd®
gas-liquid exchange in such a manner that air is introduced fromthe

absor ber contépnﬁgg EhaFre PHRdiNER %-he |iquid storage chamber 51 through

20 the joint pipe 61 simultaneously with the feed af in framthe liquid
storage chamber 51TPNSo ﬂﬁbtﬁﬁ%dﬁﬁgFaqﬁﬁhﬂﬁﬁﬂ§%§Qf &05§jPﬁ%ough t he

it B Slapklaaiieh 2R AN Aok M SR RO, o e
While air isopadeca liBte R R IR R PR ot A e At B2 0N
2004 - 53 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 conducted efficiently from the liquid storage chamber
51 into the absorber containing chamber 52. Besides,
even if the joint pipe 61 is somewhat inclined upward
toward the absorber containing chamber 52, it is
possible to feed ink smoothly without causing ink
15 exhaustion.
In the ink cartridge according to this embodiment
there is performed gas-liquid exchange in such a manner
that air is introduced from the absorber containing
chamber 52 into the liquid storage chamber 51 through
20 the joint pipe 61 simultaneously with the feed of ink
from the liquid storage chamber 51 into the absorber
containing chamber 52 through the joint pipe 61. In
this cénnection, if only a lower surface portion of the
joint pipe 61 is rendered hydrophilic to form a

25 hydrophilized surface 71 as in Fig. 8A, ink is passed

along the lower portion of the joint pipe 61 while air

is passed along the upper portion of the joint pipe 61,




whereby it is made possible to effect a stabler gas-1iquid exchanging
operation. As shown in Fig. $B, if the contact surface of the absorber
cont ai ning chanber 52 with the absorber 53 is 5 rendered hydrophil i-cé dbi 2004
the side to which the joint pipe 61 is eoffBeeted, to forma hydrophilized
surface 72, it is possible to prevent air frombeing conducted to the
joint pipe 61 through the gap between the inner surface of the absorber
cont ai ni ng chanber 52 and the 10 absorber 53, allow ng the gas-Iliquid
interface 59 to becone stable near the upper end of the joint pipe 61.
Thus, it is peheiebg it psemede phesghde| tgurdferist ar £48018F fromrising
more than necessary or from reaching the upper end of the absorber
cont ai ni ng 15g3fakbenigdl2ewrheRowbdl BPEABEEC PNk | eakage. In this way the

gas-liquid exchangi ng operation can _be stabilized, to ens#re aﬁﬁ;qgge feed
of ink. Fig. 11D sh&wghawst apeFif-wAPenid WS EORFBELoFYTERES Miter™Sur f ace
of the joint pipe 61 (an area,20 c

ea. verin oth r and | ower ,
hydr ophi | i zed®BEPFARE c@@@?}“&BQZcgﬁmgﬁﬁgégcfﬁgﬁgﬁgﬁig%foraeguééa@§;5003 of

Lhe inner val| ol Lg ABSOLRR CenLAl B40-sharer whasaled abays the j oi nt

xchange grooves (not own), a surface

Cho oot "o SBsbATEL, 8ol RS e AT QLB AR AR R, b
fron]beconing72,4i%UNSZBQ§sib§$ to prevent air from being conducted
to the joint pipe 61 through the gap between the inner
surface of the absorber containing chamber 52 and the
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. 11D shows a state in which a whole area of
the inner surface of the joint pipe 61 (an area
20 covering both upper and lower hydrophilized surface
5001, 5002 in the sectional view), a surface 5003 of
the inner wall of the absorber containing chamber
located above the joint pipe, including gas-liquid
exchange grooves (not shown), and a surface 5004 of the

25 inner wall of the absorber containing chamber located

below the joint pipe, are rendered hydrophilic.

For preventing the illustration from becoming




conplicated, the absorber contained in the absorber containing chanber 52
is not shown. Fig. 11E shows a nodification of Fig. 11D, in which FquiUN 2004
surfaces and a bottom surface of the inner 5 wall of the absorber
cont ai ni ng chanber are rendered hydrophil 684 vp to about the sane hei ght as
the upper end of the hydrophilized surface 503 shown in Fig. 11D, in
addition to the whole area of the inner surface of the joint pipe 61. 10
In Fig. 11E, like Fig. 11D, the absorber contained in the absorber
contai ni ng chanber 52 is not shown for preventing the illustration from
beconi ng conptbeatégately. therapsogbrar CRECAADER! FBah6n3BFOFPET 11D, in
whi ch the whole area of one inner wall surface of the 15 absorber
cont ai ni ng ch&ABERLIBENGHENEMPRE éﬁeﬁﬁn&OGfspﬂg joi nt pipe 61 and gas-1iquid

exchange grooves (not shown) are is.rend d hy h|||c in
addition to the whdfPe ihFes Fféc@ gﬁg&CBFlPﬁe ? %ﬁ@ q Further, a

hydr ophi l'i zed surface 5005 tendln 20 th I nk fe ort may be
formed on thewﬁproﬁngdéur AFES PR g%t%fﬁ §H§ PEE th%(ljl Shsor Il g

containeg IMubRT 8RShACLEEARALN %%t%qgmar PanbE e hathdiala avol di ng
a conpl i 2at ed"F u§ own in T since t ydrophi li zed
25 surface SORarohdn TR %nttoh%bbr&r{e'fh%urfﬂi%ehgflgrt&easl Ul Wpigker 61 whi ch
provi des a co Eation b&tween the 1 quid container and the absorber
containing - 4n,dUNf2Q0% hy@&ophlllzed surface 503 shown in Fig. 11D,
in addition to the whole area of the inner surface of
the joint pipe 61.
10 In Fig. 11E, like Fig. 11D, the absorber contained
in the absorber containing chamber 52 is not shown for
preventing the illustration from becoming complicated.
Fig. 11F is a further modification of Fig. 11D, in
which the whole area of one inner wall surface of the
15 absorber containing chamber 52 where the opening of the
joint pipe 61 and gas-liquid exchange grooves (not
shown) are formed, is rendered hydrophilic in addition
to the whole inner surface area of the joint pipe 61.
Further, a hydrophilized surface 5005 extending toward
20 the ink feed port 51 may be formed on the bottom side.
Also in Figs. 11D and 11F, the absorber contained
in the absorber containing chamber 52 is not shown for
avoiding a complicated illustration.
As shown in Fig. 11D, since the hydrophilized

25 gurface 5003 is formed on the inner surface of the

joint pipe 61 which provides a communication between

the liquid container and the absorber containing




chanber and on the inner wall surface portion continuous to the joint pipe
I nner surface and extending up to the position above the groove inqjygi o004
t he gas-1liquid exchanges grooves (not shown), even if a 5 very snall Qg

i s present between the absorber and the- $&ner wall surface portion
posi ti oned above the gas-liquid exchange grooves, the gap is closed with

I nk which has entered the absorber containing chanber from the liquid
storage chanber 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 ¢samberneddcont theodbhert vadhdsvELdGLt RETIEARBr surface of the

joint pipe 61, even if a very small gap is present 15 between the absorber
and the | owerconhenuems| teuthacdoipsr PiBs, 1PpersSHEE2FPKBRY that the air

whi ch has noved down through the gas-1iquid exchange grooves wilJ. further
nmove al ong t hextapdingapp §8r theePPE4ELRBr 2RPVR tﬁﬁ QFﬁRVF|&RFﬁ§ “O\ar d t he
ink feed port 51 fromthe 20 joint pipe 61 par ic%lahl when,/ e ik is fed
ina large frbw% gapelifrgd S¥ENSRGRS grRBHEFIigPIOﬁ ) &?g. %%D, i which
oS por b VP BARbABaB o PREGRIY hetiden SHESSpRUAIRIAY ek
D T o hura ot o= PR ol iphes' gkl g fom (e
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 continuously to and below the inner surface of
the joint pipe 61, even if a very small gap is present
15 between the absorber and the lower inner wall surface
portion, it is not likely that the air which has moved
down through the gas-liquid exchange grooves will
further move along the inner wall surface together with
the ink flowing toward the ink feed port 51 from the
20 joint pipe 61 particularly when the ink is fed in a
large flow rate.
Fig. 11E shows a modification of Fig. 11D, in
which since both bottom surface and inner wall side
faces surrounding the ink feed port 131 are rendered
25 hydrophilic, not only the same effect as in the example

of Fig. 11D is obtained, but also in the ink path from

the joint pipe 61 toward the ink feed port 51 within




t he absorber containing chanber the flow of ink near the wall surface

whi ch substantially does not <contribute to the feed of ink can be U%q@NZM
snooth, with the result that it is possible to expect a decrease of 4
flow resistance. Fig. 11F shows a nodifrc&bien in which a mninmum required
area of hydrophilization is used for obtaining the effect of Fig. IiE 1In
conparison with Fig. 11D or 11E, the whole area of one inner wall surface
in the 10 absorber containing chanber is hydrophilized in addition to the
joint pipe inner surface, there accrues an advantage that the anmount of

t he hydr ophi | thengbseubeti onnteibangdrbrabegakhBe LBt PEI LBY RSAE easily as
conpared with the exanpl e of Fig: 11D in which_ it is a 15 partial surface
portion that ktbetwealeguafacehwhdghnsubstaptipdly19ReFn"®fich it is plural
surfaces that are treated. Figs. 11A tq élc SthlﬂDgificatigpsdq:h

hydr ophi | i zat EBRtEéPULRe tehEBPLERSBoREAREICPR Phe™88%a TSS9t ai ni ng

chanber 52, which nodifications may be.conbined with Fi . t 1F
whi ch are nDBPPiE&?P&ﬁstgﬁth§§r65hPP§f&%ﬁ8nt oF PR ta sgrcgk%g%%gﬁiining

chanmber 52 deiiribed ab ve Lo get a desired effect. 25 More specifically,
in Fig. 21A 4'®HofFES3PE8 " Esvering both upper absorber 130 and | ower

ab;gr ber 140 is adjydrqRh IdhzQl QN niddAds ciiieh absehaehs AR minthw UN 2004
required area of hydrophilization is used for obtaining
the effect of Fig. 11E. In comparison with Fig. 11D or
11E, the whole area of one inner wall surface in the

i0 absorber containing chamber is hydrophilized in
addition to the joint pipe inner surface, there accrues
an advantage that the amount of the hydrophilizing
solution to be adhered can be controclled more easily as
compared with the example of Fig. 11D in which it is a

15 partial surface portion that is treated and the example
of Fig. 11E in which it is plural surfaces that are
treated.

Figs. 11A to 11C show modifications of

hydrophilization for the absorber contained in the

20 absorber containing chamber 52, which modifications may
be combined with Figs. 11D to 1l1F which are
modifications of hydrophilization for the absorber
containing chamber 52 described abovg to get a desired
effect.

25 More specifically, in Fig. 11A, a whole area

covering both upper absorber 130 and lower absorber 140

is a hydrophilization area, which absorbers are




constituted by a polyolefin fibrous ink absorber as a negative pressure
generating nenber. In Fig. 11B, only one absorber 130 is contained_kg P?m%
negative pressure control container 110 and the whol e area substanti P

bel ow a horizontal interface 113c is rendered hydrophilic. In both
exanples, the interface 113c between the absorbers 130 and 140 is
positioned near and above the joint pipe 180 at a posture assunmed in use.
10 Fig. 11C shows an exanple in which only one absorber 130 is contained
within the negative pressure control container 110 and the whol e area
subst anti al | ycohstdwuselobyzenpalypheéinadébreos inkr ehgerd@r RRIrdphilic
The interface 130c, which is a 15 hydrophilization-nonhydrophilizatijon

i nterface, isnegesiveoprdssuae gaUSAPEEIaREMPRE -j oilft FpOpe 1180 Anky
posture assuned in use. The exanples shown in Figs. 11A to 11C can be
substituted asndeabpegbpsr 18ReifegabitfdPffeduibe P§IFEA¥ LA RF T Der
(absorber) used in the above enbodi nent.

[ I n ﬁig. 11A, Wh%ﬁt;h .apEPrbers
130 and 140 €8NtFBLoGENABLBEEeld0aPRd thRe #9dea 3AG §VU6F 2 Fihrolis
menber, the absorber 140.is |Located on the.,ink .fe rt. side and the
absor ber 5130 P&18H £hBO%dZ2PNEdpRHEFET 8ﬁﬁu%9§§tﬁgn%%gggrgpge. It can be

whore of the RECEPREF IR0 b DoNoERpPley. SIS Theer AR R0 The

between the absorbers 130 and 140 is positioned near
and above the joint pipe 180 at a posture assumed in
use.

10 Fig. 11C 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 near and above and the joint pipe 180 at a
posture assumed in use.

The examples shown in Figs. 11A to 11C can be
substituted as desired for the negative pressure

20 generating member {absorber) used in the above
embodiment. In Fig. 11A, when the absorbers 130 and
140 as fibrous absorbers are viewed as a whole of a
fibrous member, the absorber 140 is located on the ink
feed port side and the absorber 130 is on the

25 atmosphere communication port side. It can be regarded

that a partial hydrophilization treatment is applied to

the whole of the absorber 140.




In all of Figs. 11Ato IiC, since the hydrophilized area is |ocated on the
feed port side for the action of 80 or nore in terns of a contact angle

of the polyolefin fibrous nmenber relative to water, the 5 ink retain1gdUN2W4
‘property for a water-based ink and the -1%8utd | evel in negative pressure
generation can be nade uniformat |east within the absorber 140, so that
the stabilization of a negative pressure can be attained. At the sane

time, in the case where 10 hydrophilization is perfornmed with the foregoing
treating solution, it is easy to keep the |liquid |level horizontal during
suspensi on or stopInfalhkOFeflgﬁecblﬂlﬁ@ %h?}eSEHgﬁrFﬁﬁ an excellent i nk
feedability in a decreased flow resistance attain

hilic
group. Thus, hnérephi}iredt pbRaahd laratedpoli Bhea %e Bgr%x?F 5 uni f or m

and therefore it is possible to ensure _a stable gegatlvg g%esgure at
once. Particufbel§ctianre. 891 O RRTRI HRoUE HENS c3hB c%nggltuted as

a single nenber, wth con 0 reduct on of ,cosi_as_c Wt h the
use of two nefbERE, Paﬁﬂoiﬁg? %éﬁrﬁgsoﬁ?g %edrg%ag ?ec?obggg 6n a

hydrophi Li c- %gOngbgﬁénQ} gLbpeg.d! khauan LioFBKaBEa §AROSRMDAG! O attaln

t he sane func ai unction ase on t I nterface between
two menbers. 25 EdFigvﬁilgsorEga%%erp%séﬁge eabsatibndeaphibki zed, in

which a satistactory In ect is obtained even agai nst sone
pressure Chanﬁgdé4uﬁyyo%ﬂoét59east 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

15 hydrophilic group. Thus, the ink retention and
distribution are made extremely uniform and therefore
it is possible to ensure a stable negative pressure at
once. Particularly, in Fig. 11C, the fibrous member
can be constituted as a single member, with consequent

20 reduction of cost as compared with the use of two
members, and there can be obtained an effect based on a
hydrophilic-hydrophobic interface although it may be
impossible to attain the same function as the aforesaid
function based on the interface between two members.

25 In Fig. 11B, the absorber 130 is also

hydrophilized, in which a satisfactory ink absorbing

effect is obtained even against some pressure change




while ensuring the interfacial effect between the absorbers 130 and 140,
so that the cause itself of ink |eakage can be sol ved fundanental |y @%ﬂﬁf
inall of Figs. 11A to 11Cthe ink receiving 5 surfaces for the i 17k ¢
through the joint pipe 61 are rendered-hy8rephilic, not only the fed ink
but also the ink fromthe ink container connected renovably to the joint
pi pe 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. 11Ato 11C. The exanples shown in Figs. 11A to
11F cover notwhihe yenserdhgethe ofntaefepbali apEReCt| Pasrerahedtn Figs. 7A
and 7B but also all of the effects attained by the 15 parti_al )

hydr ophi | i zataksorkens dl #9 @BdtﬁéoprégeﬁPaanéﬁtFBHse FhEeba8EsAdkn in
Fig. 11E can be obtai ned easil¥ by ingertiﬁ ihe absor ber contai ni ng
chanber in t he2kRgRCERBNLYF SAFYBH FYRdpRep gl fogure into a liquid 20

{he solut o, and SEBGeqbBnt i gEnbLone hbackPokitathse Al Fefeldihd '

escribed above.: eéw Se, e node
h i Fi g. 11F b t ai, ned i ' ber tai
chanber B LrauEhneSaT Fon, PBTLAR] sBY. £pPRLOA tHE 4B3BLDRLREORNRI

Lo oy accbiabedy MBEobiELIoREY Bl EREL KO0 Y BRcoRIRUE
4 JUN 2004 - §9k 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. 1llA to 1l1C.

The examples shown in Figs. 11A to 11F cover not
only the effect of the embodiment illustrated in Figs.
7A and 7B but also all of the effects attained by the

15 partial hydrophilization according to the present
invention.

The mode shown in Fig. 11E can be obtained easily
by inserting the absorber containing chamber in the
direction of arrow "a" in the figure into a liquid

20 reservoir containing a treating solution, allowing it
to be dipped into the solution, and subsequent drying
as described above. Likewise, the mode shown in Fig.
11F can be obtained by dipping the absorber containing
chamber in the same direction (arrow "B" direction})

25 into the liquid reservoir. As to Fig. 11D, the

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

Fig. 11F, but as to the unhydrophilized area, the area




may be masked before dipping into the treating solution. Thus, in all of
those nodes, the interior of the absorber containing chanber can be4JUN2M4
rendered hydrophilic easily by such nethods as nentioned above. 5 As shown
in Fig. 10, an inner surface of a conneckpon port 62 of the liquid storage
chanber 51 which is connected to the joint pipe 61 may be subjected to a
water repelling treatnent to forma water- repellent surface 73. By so
doing, at the tinme 10 of replacing the liquid storage chanber 51
constituted as a separate nenber fromthe absorber containing chanber 52,
it is possiblmayobpr maskied blefbremdipping indo thige toe@a¥dedi on port 62 of
the liquid storage chanber 51. Even if a small amount of ink is conducted
15 fromthe | bqliugtisnor agbusharibernldl cfntboske nodeFectiben indenicgn oft is
possi ble to conduct the ink fromthe connection port 62 into the joint

pi pe 61 by pether absgrbee coapRising FHARPEroRMN. PPhIENETS% s possible
to prevent unnecessary ink fromrenmaining in the 20 connectjo ort 62.

Al so as to thbydapehitdgelgsidy bvesUFbnIethods 6§eﬂ&@ﬂﬁQ?QAu§£4§ﬁf
treatment be carried out on the baiis of the saneﬁ%ginci e (to be

described later) adStFaC“Rertt Sitéd it R HOPEE S Gdicmént = 25 A detail ed

embodi fent uhPERTBRIGE. PABUD o urTer (Ot 5 s P & % ur ther - 4

JUN 2004 - 61which 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 small amount of ink is conducted

15 from the liquid storage chamber 51 into the connection
port 62, it is possible to conduct the ink from the
connection port 62 into the joint pipe 61 by performing
the replacing work slowly. That is, it is possible to
prevent unnecessary ink from remaining in the

20 connection port 62. Also as to the water-repelling
treatment it is preferable that the treatment be
carried out on the basis of the same principle (to be
described later) as that mentioned in the first
embodiment.

25 A detailed description will be given below about

the construction of the fifth embodiment which brings

about a further effect by performing a further



hydrophilization in addition to the above hydrophilization for the joint
pi pe or for the surface of contact with the absorber on the side mhe;guﬁ?@é

-

joint pipe is connected. 5 (Fifth Enbodi nent) As shown in Fig. 12, an
absorber contained in a absorber contai-nisng-chanber of an ink jet head
cartridge 70 according to this enbodinment is conposed of two absorbers 130
and 140. In the state of use of 10 the ink jet head cartridge 70 the
absorbers 130 and 140 are |oaded into a negative pressure control

container 110 in a vertically stacked state at two stages and in a

mut ual |y cl oselydrophtiddzedisonatien addddgion oy ther eéovgener at ed by the | ower
absorber 140 is higher than that 15 generated by the upper absorber 130,
that is, the hydecphiBdaafdon] £Qpdidsessiata pHipgher ik AAiswFiagrcity.

I nk which is present within a negative pressure control chamber unit 100
is fed to an Pkcoatagda@ifhi fthes@bsanbsigRrafheneideedhafise W85, 20 The
absorber 130 is in comunication with an atnosphere comunication port

115, while t hdodbdoPd®r 1B46ALESTeq-0se contact at its upper surface with

the absqgrber 130 gnd at its lawer surface with a filter 161. A boundary
surface P13c betmeZﬁlfﬁé'§B§5¥B§F§“%30 25 and 140 is positioned higher than

o ypRer e of 2 oSyl A5 445 237 SO SR n % POSE 1€
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
are loaded intc a negative pressure control container
110 in a wvertically 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

15 generated by the upper absorber 130, that is, the lower
absorber 140 possesses a higher ink holding capacity.
Ink which is present within a negative pressure control
chamber unit 100 is fed to an ink jet head unit 160
through an ink feed tube 165.

20 The absorber 130 is in communication with an
atmosphere communication port 115, while the absorber
140 is in close contact at its upper surface with the
absorber 130 and at its lower surface with a filter
161. A boundary surface 113c between the absorbers 130

25 and 140 is positioned higher than an upper end of a

joint pipe 180 as a communicating portion at a posture

of the pipe in use.




The absorbers 130 and 140 are each constituted by entangled polyolefin
fibers (e.g., biaxial fibers with PE forned on PP skin |ayer). As Lhﬁ UN. 2004
absorber 140 are wused hydrophilized fibers present in an area (obliq é %
lines' area in Fig. 12) from about a haldf g -hei ght of an opening of the
joint pipe 180 up to a feed port 131. By setting the boundary surface 113c
bet ween the absorbers 130 and 140 at a position above, preferably above
and near (as in this enbodinent), the joint pipe 10 180 at a posture of
the pipe in use, the ink-gas interface in the absorbers 130 and 140 can be
set to the boundamhesabfsaodelrE3d It andydd iage @astc lvangitigrutgserkat | on
which will be described later. As a result, it is possible to stabilize a
stati c negati eatangdsdr @olyale fiilne fidetpdet-idon diEimiglt Hd e with nk.
Moreover, by setting the capillary force of the absorber 140 relatively
hi gher than t RE fefrmeife cabS$dt dim I@yan) i nds itheprabsanbam 1R REdsor bers
130 and 140, it beconmes possible to have the ink present in the upper

absorber 20 13egomyimePriligedfdhars inlesidsdM 3h ¥R | QR Ibsor ber
due 10 af envBRENEHSR dRarge- Pt TG AR5E Boraido and I ni ty. of
' Pou e Rl B AR R, 0 L o o
pol'yolefin fiber i % %%Stq{lqlg SHS Hbqﬂ'ﬁitalﬁfge s'u‘.lcf]a% 2]9.% 'beﬁ%xeen the
absorbers 130 and 140 at a position above, preferably
above and near (as in this embodiment), the joint pipe
10 180 at a posture of the pipe in use, the ink-gas
interface in the absorbers 130 and 140 can be set to
the boundary surface 113c in a gas-liquid exchanging
operation which will be described later. As a result,
it is possible to stabilize a static negative pressure
15 in the head portion during the feed of ink. Moreover,
by setting the capillary force of the absorber 140
relatively higher than that of the absorber 130, if ink
is present in both absorbers 130 and 140, it becomes
possible to have the ink present in the upper absorber
20 130 consumed first and the ink present in the lower
absorber 140 consumed thereafter. In the case where
the gas-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




pressure generating nenbers constructed as above, at |east the ink feed
area fromthe joint pipe 180 up to the ink feed port 131 is subjected gy #04
hydrophilization treatnent. Such a hydrophilized area 5 need not always be
fromabout a half in height of the operiBsg ef the joint pipe 180 to the
bottom of the negative pressure control container 110 formed with the feed
port 131, as indicated with oblique lines in Fig. 12, but it may cover
obliquely fromabout 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 t hepsessurengeneatiognmempers copastieedegdors abovee af

hydrophi lized area may be present at as short a distance_as possible so as
to describe akeastathef ishh £86dt axeRalfrom, the grings pipe dF&huRy b the
feed port 131. O the boundary |ine 113c _between the absorbers 130 and 140
may be set tothft &Rkt f8elePgRtt lddodt BAPISESOhEFeni ng of the joint pipe
180 and the whqle of _.the absorber 140 nmay _be. rendered %ﬁﬂnop I lic.. 20 Such
exanpl es of hPURSERPELIEAtAPELTRAETSIE s ~ S5 EaBYE P8 T Hd 2555 &t in the
l'iquid container . described above_in the thir fourt.h ients

i | 1ustrated iﬂeﬁpg§9%5R}W§§? %? %ﬁoﬁba?BPtgﬂ,%ﬁggdéﬂ 81§B%n?§?tg%a 11A to
11F. 25 According.to t OVi€, . | es,; Vv Lt i as-liquid
exchange opergpfa%ﬁntqhgqﬁit%% é%llgz\i:glgig% 1t“3%eet33p;;ngre g%&%&@gtpfléﬂgle?s

di sorder ed anﬂeb%W%@% %@%ééﬁf%‘HJNﬁ%y@4dbﬂ%$iner 110 formed with the

feed port 131, as indicated with oblique lines in Fig.
12, but it may cover cobliguely 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 formed with the
feed port 131. Or a hydrophilized area may be present
at as short a distance as possible so as to describe an

15 arc from about a half in height of the opening to the
feed port 131. Or the boundary line 113c between the
absorbers 130 and 140 may be set to match the height
about half of the opening of the joint pipe 180 and the
whole of the absorber 140 may be rendered hydrophilic.

20 Such examples of hydrophilized areas are also
applicable to the absorber in the liquid container
described above in the third and fourth embodiments
illustrated in Figs. 5A, 5B, 6, 7A to 7D, 8A, BB, 9A to
9D, 10, and 11A to 11F.

25 According to the above examples, even in the event

in gas-liquid exchange operation the liquid level of

the upper absorber 130 is disordered and lowers due to




a m croscopi ¢ roughness-fineness difference in the absorber, an

outstanding lowering of liquid level in the hydrophilized area (obljﬂ ﬁ
lines' area in the figure) is prevented. To be nore specific, air (e.g.Nzﬂu
arrow Ain the figure) in gas-liquid exchggge flows from through the upper
portion in the joint pipe 180 wthout breaking off the ink (arrow B in the
figure) flowing fromthe ink container, so that a stable gas-liquid
exchangi ng operation is effected. 10 Besides, since the vicinity of the ink
feed port 131 is rendered hydrophilic, ink tries to be present always

around the ink feefdoBbpicSectfihekBk rihankbage diifFestiehideculd dre occur al so
in the ink feed port 131. Further, upon replacenent with a new ink

contai ner 15;88drbbbe hudeapBithhaedganeweetinghe fahdquier 1b4@1 nduces i nk
positively, so that t he recovery of the head by both cap 5020 and suction
means 5010 caphfehgapephiapizedy arbesi(ded iqulee lamesit aglea din fdwessary for
the recovery of the head can be controlled in terms of the 20 size of the
hydr ophi | i zedfageae)| hst beesrapdes Fhowme mork gpec3AicsBaig, (ENG7B, BA
8B, 9A to 9D, 10, 11A to 11F and 12, the height of the hydrophilized area
whi ch i s5i n cenrawt Awiinh thie £igpasiindtodashd lusilsk echends0 519wt |inited
to the 25 illustrated position, but may be set to an optinum tiﬂ ht near
the pi pe openErgmwitheRueSEi §he BEPEIt POEHE Onexddc Hifod O T RitRh| ‘gas-liquid
exchangi ng operation. -4 JUN 2004 - 65 . .
without breaking off the ink (arrow B in the figure)
flowing from the ink container, so that a stable
gas-liquid exchanging operation is effected.
10 Besides, since the vicinity of the ink feed port
131 is rendered hydrophilic, ink tries to be present
always around the ink feed port, so that ink shortage
is difficult to occur also in the ink feed port 131.
Further, upon replacement with a new ink container
15 201, the hydrophilized area of the absorber 140 induces
ink positively, sc that the recovery of the head by
both cap 5020 and suction means 5010 can be done
rapidly; besides, the amount of ink necessary for the
recovery of the head can be controlled in terms of the
20 size of the hydrophilized area.
In the examples shown in Figs. 5A, 5B, 6, 7A, 7B,
8A, 8B, 9A to 9D, 10, 11A to 11F and 12, the height of
the hydrophilized area which is in contact with the
opening of the joint pipe 180 is not limited to the

25 illustrated position, but may be set to an optimum

height near the pipe opening which height permits the

execution of a stable gas-liquid exchanging operation.




Particularly, when a positive suction of ink into the absorber is
considered, it is desirable for the hydrophilized area be present _\/\%t Ulg?[][]
the pi pe opening to such an extent as does not obstruct the formati rl é
an air path in gas-liquid exchange. In t-higs enbodi nent, noreover, since the
joint pipe inner surface and the absorber area bel ow the upper end of the
joint pipe are rendered hydrophilic, not only the feed of ink becones
snoot her, but also the ink 10 present in the connection port is conducted
nore positively into the joint pipe at the tine of replacenent of the

| i qui d cont ai Mangichdmbdly, (Whepplae meridriyves gpicdnam @f dmit Hensurfhee

nodi fyi ng met hod) 15 Reference will be nade below to a desirable el enent
surface nodi f whspohsithdg weirngidarethpliteda desirabbhadrfsghithezat i on
treatnment and water-repelling treatnent in the present invention.

Accordi ng to tiveiraahidvizeg angade mraSshthyi e methifo®ing RSN ng
functional groups of nolecules contained in_the material_ which constitutes

an el enent sdiF &L AHERARRT (@&F F98 M &P tide HEER519% 94 | owed
to be specifically oriented and adhered onto the elenent surface and a
property Sf tﬁ@&%ﬁjé’f% Jﬂbrﬁ%'ﬁe’d}“} tw&lﬁﬂ%r (or fragnented products
Do LT S e Gl S o L 4140 38551 o
inner surface and the absorber area below the upper end
of the joint pipe are rendered hydrophilic, not only
the feed of ink becomes smoother, but also the ink
10 present in the connection port is conducted more
positively into the joint pipe at the time of
replacement of the liquid containing chamber.
(Supplementary explanation on the surface
modifying method)
15 Reference will be made below to a desirable
element surface modifying method which is applied to
the hydrophilization treatment and water-repelling
treatment in the present invention.
According to the following surface modifying
20 method, by utilizing functional groups of molecules
contained in the material which constitutes an element
surface, a polymer (or fragmented products thereof) is
allowed to be specifically oriented and adhered onto
the element surface and a property of the groups
25 contained in the polymer (or fragmented products
thereof) is imparted to the element surface, thereby

permitting a desired surface modification.



The word "elenent” as referred to herein neans a thing forned using any of
various materials and retaining a certain external form In association
with the external formit has an outer surface exposed to 5 the exter N 2004
Inits interior there my be present a -v@éi6bd-or cavity portion including a
portion comunicating with the exterior, or a hollow portion. An inner
surface (inner wall surface) as a partition of those portions may al so be
a partial surface to be 10 subjected to the surface nodifying treatnent
according to the present invention. As the hollow portion is included one
havi ng an i nner deffhsi Wgrdur'edeaentd BE AgLearefade HEHAIS APISA at ed
fromthe exterior. Before the nodification treatnent, the surface treating
15 sol uti on mapipe £pFMedd Usitg @Ry KE VeWipYS PeTeTHdS afthsofar as the
hol | ow porti on becones isolated fromthe exterior after the nodifjcation
treatnent, it TR&EP1IHENTs @pCEETTEG Tt EXIRE A e dOTBNt  dCc AR AT Fhe' present

I nvention. 20 Thus, theajurface ?&ia{%' ng t hod_accordi r}‘g)otodt@e pr esent
invention i s &PF r&EFeERE Safade WEth 2R T FETSGE SR te U reati ng
solution_from_outside_.can be br.ught .int. W tAdRaiLipg the

el ement Shape T0Wt S8 eérlllort'he(alsflur Océsgeltsneo l%hrnge@'lte%%err{l\tgytzgﬂé&)r#cer ne%.glEi t her

an outer surfggggof A t&%vqlt@"r?gn fon 8hJINBMS W RAKGANNect ed thereto, or

both, are regarded as the partial surfaces as referred to herein. - 4 JUN
2004 - 67 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 surface 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 surface and being
a space completely isolated from the exterior. Before
the modification treatment, the surface treating

15 solution may be applied into the hollow portion. Thus,
insofar as the hollow portion becomes isolated from the
exterior after the modification treatment, it may be
subjected to the treatment according to the present
invention.

20 Thus, the surface modifying method according to
the present invention is applied to a surface with
which the liquid surface treating solution from outside
can be brought into contact without impairing the
element shape out of all the surfaces of the element

25 concerned. Either an outer surface of the element or

an inner surface connected thereto, or both, are

regarded as the partial surfaces as referred to herein.




Modi fying the properties of partial surfaces selected and subdivided from
the el enment surface concerned is also included in the present inven Lmnqm4
The node of selecting an outer surface of an el enment and an inner
surface connected thereto is also include@d7ir the nodification of a desired
partial surface area. In the surface nodification described above, a
portion (a partial surface) to be nodified which constitutes at |east a
part of surfaces of an elenment 10 is treated; that is, a part or the whole
of an elenment surface selected as desired is subjected to the
nodi fi cati on Mpdafydng. tBe PEFOPeXiessiodn rertigie stateceorsed 9oisther as
referred to herein is neant a partial scissioning of a 15 polyner or is
neant a nonomendasubdivddeghdron dhed SEgRnth VST GioHC i ment s,
it covers all of enbodinents in which atpql mer_.is cleaved wth
cl eavage cat aPy§P §@@Hué§daﬁ“a5pﬁ.pﬂ%§e“foﬁﬁéFF5ﬁ°8F a%%& ef?fﬁﬁ as
referred to herein includes a 20 substantial_ filmformti or, di fferent
orientations §1ele\?é:|lin€u§‘np&“t1ﬁe5n§”\ﬁbft%ﬁer é’éfg@& ¥5TE tm@-n(??%enns]i%ﬂn%
surface. The "polyner"” as referred _tq herein_indi . r having a
first noPety 58‘51%’1% oy itglﬁgle%ozgsgragtﬁ? gﬁl g%}gg&rfgqln%élrgty havi ng
an interfacial riefri%étcjl_:gfﬂ]c erent Je{s‘l@e@ dar}ttqraflaglﬁlfa@g,‘eraggéé)j t he

al'nost equal to

functi onal gF@ p "an a surface energy of the - 4 JUN 2004
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
referred 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 embodiments, it covers all of
embodiments in which a polymer is cleaved with a
cleavage catalyst such as an acid. The "formation of a
polymer film" as referred to herein includes a
20 substantial film formation or different orientations of
various portions with respect to a two-dimensional
surface.
The "polymer" as referred to herein indicates a
polymer having a first moiety containing a functional

25 group and a second moiety having an interfacial energy

different from an interfacial energy of the functional

group and almost equal to a surface energy of the




- 68 element to which the polynmer is to be adhered. It is preferred that
the polyner be different fromthe constituent material of the elene RWNZM#
surface referred to above. Therefore, according to the constituent
materi al of an elenment to be surface-nodi pBed, a suitable polyner may be
sel ected from anong pol yners each having an interfacial energy al nost
equal to a surface energy of the elenent surface. Mire preferably, the

pol ymer shoul d be capabl e of being 10 cleaved and capabl e of being
condensed after the cleavage. The polyner,na¥ have functional groups ot her
than in the felemenhdtgewBAghndhet PedyMEEt 18ntPhPs aghegedyi t f % He
hydrophilization treatnment as_an exanple, it is r%f rabl e, that the

hydr ophi | i ¢ gP68periIsdatbpintbroRIYHR uE? BéfFEFEPiVSFﬁmlgﬁﬁ-chained with
respect to the other functional grogp mhigh are reIaEiv%E eh %%pqpobic
with respect FB"FhatHERFOPRTFFEALgP u%§9 ERFMRR pPET SRR &S G ECe ©
nodi fi cation]_20 The rface_nodificat.i. r ] ording to the
present inven?%%ﬁers 2HF£8%85ebyaﬁ |Fl%§ﬁgkg t§§|§%§g%ﬁ%“%ﬁ%ch a main

skel et ons (2 ggR é%:?a%%&“ LA o1BAGkRORE 8adspepdant ngha¥REd, 2% Well as a
cluster Of groups aving an 1nterfacial energy alnost equal to a 25

surface (inteLfiagbghl gog ¥rOfhalNBetkenBRl U kame ambhgs polyiace) and a
group having an interfacial energy different fromthe el enent surface
(interfacial ) ogRRr A4ving 4HNiA@B@4facial 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 functional groups be relatively long-chained with
respect to the other functional groups which are
relatively hydrophobic with respect to the hydrophilic
groups.
[Principle of the surface modification]
20 The surface modification for an element according
to the present invention is effected by utilizing a
polymer in which a main skeleton (a generic term for
backbone and pendant groups, as well as a cluster of
groups)} having an interfacial energy almost equal to a
25 surface (interfacial) energy of the element surface

(base surface) and a group having an interfacial energy

different from the element surface (interfacial) energy




- 69 .are bonded together, then by allowing the polymer to adhere to the
el ement surface with use of the main skeleton portion, and by all owngNag
polymer film (coating) to be forned in which the group having an 5
interfacial energy different fromthe intéefacial energy of the el enent
surface is oriented outside with respect to the el enent surface. Wen
viewed froma different standpoint, it can be said that the polyner used
as the surface nodifier is a 10 polynmer having a first group essentially
different in affinity froma group exposed to the elenment surface before
nmodi fi cati on anel hosdedntiogetbprwhibanekti billowinff thiet poduperaid al |y
simlar to the group exposed to the el enent surface and which is contained
in a 15 repeaddhngrentt thel adedent susfaapnwikbl ueencf| thpsmpig 13A and
13B that schematically shows a typical _exanple of such an orientation
form In the skehappe BABEACRA F’Pé. by3AlLAWABY| 8 BELY™§TpdiyHer in  which
first groups 1-1 and second groups 1-2 are on%ed 20 as._pendant._groups to a
mai n chain 1-§copkipge E?aﬁﬁléorgﬁgmhniﬂhﬁp v §B?r9880H§VéP8U6§’1-2
constitute a main _chain 1-3 and_.second grqups 1:2 consti .e .si de chai ns.
According to fﬂEeﬁf?Eﬁ?gtFBﬁrgﬁoaﬁggﬁrﬁpgs.r%@A%hgnégféﬁfggkgﬁhe out er nost
surface of a base 6 i 2 i n;el r . dified
there are orPeRTEY aroﬁgg %}§8%§%i%gggﬁcgnﬁgr?ggggfagnéﬁgslh i?ﬁgggnt from

a surface (intgrfacial), BREr QYeRbnthgursAcdUN 2004

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 in the main skeleton.

It is Fig. 13A and 13B that schematically shows a
typical example of such an orientation form. In the
example shown in Fig. 13A there is used a polymer in
which first groups 1-1 and second groups 1-2 are bonded

20 as pendant groups to a main chain 1-3. In the example
shown in Fig. 13B, second groups 1-2 constitute a main
chain 1-3 and second groups 1-2 constitute side chains.

According to the orientation shown in Figs. 13A
and 13B, on the outermost surface of a base 6 which

25 constitutes an element surface to be modified there are

oriented groups 1-1 having an interfacial energy

different from a surface (interfacial) energy of the




- 70 base 6, so that a property associated with the groups 1-1is
utilized to nodify the elenment surface. The surface (interfacial) g@gmﬂwwk
of the base 6 is determ ned on the basis of groups 5. In connection Wi %
the surface (interfacial) energy of the-bage-6, surface-constituent

mat eri al and nol ecul es depend on groups 5 exposed onto the surface. Mre
specifically, in the exanple shown in Fig. 13A and 13B, the first groups
1-1 act as functional groups for surface 10 nodification, and if the
surface of the base 6 is hydrophobic and the first groups 1-1 are

hydr ophi | i c, bhaskyér,opbi lthatnat prepes tynpssoed attedt wd thuthec grofupshe base
6. If the first groups 1-1 are hydrophilic and the groups 5 on the base 6
are hydrophobilel tibentfiddzed &ramoidd fivn thise edggendgs syfiflacsi.ng The

pol ysil oxane which w | be described later, it is presunmed that such a
state as showaurfiafeg(isgesfiosislon enraEayuPfaddeotaske® B&se 6. In this

state, by adjusting the balance between hydrophilic groups and hydrophobic
groups on 20 fRESERiNgEeo5f thRe PBSIE @LaPrOMPSoAi-fi I8t CORPNSTELA® ~al so made

possible to control the state of passage qr, the flow rate. duri passage

i f water2or aN*iBu&bEs SUrtgGtd 68% r%?%ﬂﬁﬁﬂrﬁﬁffﬁglé? 5%8 ] %gsses
through the surface of the base after .madi_ficati Eur r y

di sposi ng, say“r&3FErTerSTY |%?gﬁ§eﬁ§ ef da?%ﬁgﬁ“%ﬁ% E%iﬁ%‘|?¥£d surf ace

t |l f ' | t | |t Qi f
a5 an out or Vel R Gae I G el B ol sl Upetit SRAANRY 2 110

in the example shown in Fig. 13A and 13B, the first
groups l1l-1 act as functional groups for surface
10 modification, and if the surface of the base 6 is
hydrophobic and the first groups 1-1 are hydrophilic, a
hydrophilic nature is imparted to the surface of the
base 6. If the first groups 1-1 are hydrophilic and
the groups 5 on the base 6 are hydrophobic, then for
15 example in the case of utilizing a polysiloxane which
will be described later, it is presumed that such a
state as shown in Fig. 33 exists on the surface of the
base 6. In this state, by adjusting the balance
between hydrophilic groups and hydrophobic groups on
20 the surface of the base 6 after modification, it is
also made possible to control the state of passage or
the flow rate during passage if water or an agueous
liquid consisting principally of water passes through
the surface of the base after modification. Further,
25 by disposing, say, a polyolefin fibrous member having

gsuch a modified surface as an outer wall surface into

an ink tank integral with or separate from the ink jet




- 71 recording head, it beconmes possible to charge ink into or feed ink
fromthe ink tank in an extrenely effective manner; besides, by ensuyijmngim
noderate negative pressure within the ink tank it becomes possible to 5
ensure an appropriate ink interface (nmeri §&us) position in the vicinity of
the ink ejection orifice in the recording head just after ink ejection-
Consequently, it becones possible to afford a state that a positive
negative pressure is higher than a dynam c negative 10 pressure, the said
state being best suited to the negative pressure generating nenber which
hol ds i nk to rbeofddngoheld,i Ak pecomesorgissdbReado PRATOSur &N Yt the
fiber surface structure shown in Fig. 33, the hydrophilic groups 1-1,
because of 150ﬁiéﬁeﬁoﬁébuﬁapmgﬁgﬁpéPgaF@nPoH@eP“tﬁ&ﬁrﬁﬁﬁﬁihﬁﬁﬁﬁﬂﬁﬂvegroups
(hydrophobi c groups) on the sane side. . Therefare, when ink flows, the

hydr ophi | i ¢ gla8nperi- pesides. a0y §NSHE 109 & mé’g‘FF&é:& PEGRSVE to the ink

flow velocity. (At the sane tine.the hydraophilic aroups 20.co to

subst anti al | ypEB%é‘Prfahé” Iﬁ’yltlh&r dis)Ee 13: E)l’aé:?ﬂ'%‘ts, pfoﬁé;l%lo rE‘r%’esi st ance
becomes considerably | ow. __Conversel,y, when t i fl, f\0

neniscus%is FOPHER BBtREQEQHﬁ&§E§'%%k’ﬁﬁﬁ?gp%9|R?eﬁP%%%%)lg%%zgﬁéh
oriented in a.direction. agai iz |+ ti o2 JISFReRdisculad y to the
fiber surface}nsg%%hgﬁef%gggﬂgég&%% é&%%? F%tgfgkhe nethyﬁ groups onto the

fiber surfaceldhaned feer B2 dBEroRMK ie§edtaidl) CcorsedUdrada,

it 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-molecular groups, are longer than pendant methyl
groups (hydrophobic groups) on the same side.
Therefore, when ink flows, the hydrophilic groups 1-1
tilt along the fiber surface relati&e to the ink flow
velocity. (At the same time the hydrophilic groups

20 come to substantially cover the methyl groups). As a
result, the flow resistance becomes considerably low.
Conversely, when the ink flow stops and a meniscus is
formed between fibers, the hydrophilic groups l1-1 are
oriented in a direction against the ink, i.e.,

25 perpendicularly to the fiber surface, so that (because

of exposure of the methyl groups onto the fiber

gurface) there is formed a hydrophilic (large) -




- 72 hydrophobic (snmall) balance on an intranolecular |evel and a
sufficient negative pressure can be fornmed. Since many (at | east pqu@UQNZw‘
hydrophilic groups 1-1 are contained in the polynmer as in the previous
enbodiment 5 in which the hydrophilic gr @2ps 1-1 are constituted by both
many (-C-O 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 nmethyl group is contained in the polyner, it is 10
preferred that the hydrophilic groups be at a higher nolecular |evel so

that the exishydsephatde dismedd ) hpdassis orc agr dipygame lesid@T thesed hat  of

the hydrophobic groups. The foregoing hydrophilicitgﬁ; hydr ophobi city

bal ance shoul @nbe deguffdgiernd Regafive FEEISWeE P8 &8 £ 9%he i nk feed

port is represented by the follow ng equation: Static negative pressure =
ra) PR PR

(hei ght of anSimee mangr f(&de 85 ¢ S 9reMR9 ey 3% ce of
fibers at the ink interface) 20 The capill.ary.force_ i.s proportj.onal. to cos
0if a wet cGAPEE: & getSnd 3Wﬂf'§ﬁhlfh§ﬁpiEﬁ&&&qgéﬂéﬁbqignmggiuned to
Cmvent i of | s SHerPatRed Tt TS ORI g vt doits B B BN et e
So phat 2 stablen Gl Ve RIESSyy blad tad it Sl MY drbitq Rl gl heT
gh in ternms of an absolute value, 1f a change in Cos 0 elnk is
I arge. '4JUN2Q%é 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
hydrophobic groups. The foregoing hydrophilicity >
hydrophobicity balance should be ensured.
15 A static negative pressure in the ink feed port is
represented by the following equation:
Static negative pressure = (height of an ink
interface from the ink feed port) - (capillary force of
fibers at the ink interface)
20 The capillary force is proportional to cos 6 if a
wet contact angle between ink and the fibrous member is
assumed to be 8. Thus, according to whether the
hydrophilization treatment of the invention is
performed or not, it becomes possible to make

25 adjustment so that a static negative pressure of ink is

set rather low, or rather high in terms of an absolute

value, if a change in Cos 6 of the ink is large.




- 73 To be nore specific, in the case of a 10 level contact angle, an

I ncrease of the capillary force wll be 2%or so at nost even if the
hydrophilization treatnent is perfornmed, but if the contact angle Fé!wN2M4
decreased to bel ow 10 by the hydrophiliza¥Bon treatnent froma
difficult-to-wet conbination of ink and fiber, say, the state of 50 in
contact angle, a 50%increase of the capillary force is attained. (cos
0/cos 10 1.02, cos 10/cos 500 = 1.5) 10 Now, in connection with a concrete

met hod for manufacturing an el enent having such a nodifi rf
shown in Fig. 13A aquESBPrS ﬁéggﬁﬁbrkoﬁ“mgpﬁ ﬁﬁﬁﬁbgg 8i3§% §%V§S§§th33
usi ng an i nprover I C s a good solvent f t he ner .used in.th
surfac$ 15 ED%EPFESFiﬁHQEﬁd i tREFRpPEV8E gh@ ﬁEPEEE%FVt§°5F%ﬁﬁ§l%?eating
agent for the_basg as an el enent to be._surfage- A di to thi
net hod, a treﬁ?igg °§0F8tanm?ﬁ%sﬁyﬁgcéfnﬁéﬁf§§ﬁggggﬁggggn ,gfﬁ Qggchothels

pol yner as thgr%$£%%g% ggdggg%érb%ggiﬁﬁglg%dtgg QBHQg%%e%H%Pézikﬁ applied

onto a surfac e "‘base” "an e polynmer as the surface nodifier

contai ned i naLACLLER! BILSILH! 187 b RhbCRyadopRidesatiad above while

the solvent contarned in the solution”is renbved. Mre specifically, the
met hod conpri ?féauﬂ@m&t eRem abaskrRranaritBgwatsebrbientiansw aesk treating

solution preferably containing pure water in the case of functional
groups being Qydr epBik, CsakQuURBE withite of $UN 280éontact angle, a
50% increase of the capillary force is attained.
(cos 0°/cos 10° = 1.02, cos 10°/cos 50° = 1.5)

10 Now, in connection with a concrete method for
manufacturing an element having such a modified surface
as shown in Fig. 13A and 13B, a description will now be
given of a method using an improver which is a good
solvent for the polymer used in the surface

15 modification and which improves the wettability of the
treating agent for the base as an element to be
surface-modified. According to this method, a treating
solution (a surface modifying solution), in which the
polymer as the surface modifier is dissolved

20 homogeneously, is applied onto a surface of the base
and then the polymer as the surface modifier contained
in the treating solution is oriented as described above
while the solvent contained in the solution is removed.

More specifically, the method comprises the steps

25 of preparing a solution (a surface treating solution

preferably containing pure water in the case of

functional groups being hydrophilic groups) with




- 74 predeterm ned anounts of a polynmer and a cl eavage catalyst m xed
into a solvent which is a good solvent for the polynmer and which possesses
sufficient wettability for the surface of the base to be treated, 5 4 JUN 2004
applying the surface treating solution on¥4 the base surface, and
subsequent drying (say, in a 60C oven) to evaporate off the solvent from
the treating solution. The use of an organic sol vent which exhibits
sufficient wettability for the surface of the base and 10 which dissol ves

the polyner as the surface nodifier is desirable fromthe standpoint of
facilitating BERREFBER-NERpRMEYRESNOES 3t RELEBEYNBPA 3uEhedK28Pgani ¢ sol vent
is also effective in ke

[ th | di d i fqrni
di ssol ved satF§F§é¥ﬁFiW}gghngﬂgogﬁggPigg%g %ﬁggﬁggﬁaﬁggb ;ﬁogﬁgn ol yner

becones higher in hts oncentra}hgggﬁqégﬁevagorati??ﬁot t he sol vent.

Besi des, si ncEOFhEPEUPPI¥BeE 8] SRSPES SUFFIEI8AT y wettable for

t he base surfacgaagﬁfi%ol¥g§rtpgsshgaﬁéﬁr%gc%hgngk%gegocgg Q%e%%%%ﬁd

uni formy ont 8¢ €7 base Surtace, e resu that a uniform” pol yrmer

coating gan b : n u iRavi oppkbcahed e. In the
g 620 PEphoLIRA BUE"ARFACE LEAGR1BYLBIuEoR BRLECRHE] B

surface treatit ion there may be contained, in addition to the first
sol vent whi chgj,3r3aeVohaki LabaBdueBlt aklenhofskhe basa surtaeceand vahich is

a good solvent for the polyner, a seconggsolvent which is a good sol vent
for the pol yneyaphdathi elif heee¢elventd f3bN 28@4treating solution.
The use of an organic solvent which exhibits

sufficient wettability for the surface of the base and

10 which dissolves the polymér 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 liguid layer when the polymer becomes higher in its
concentration with evaporation of the solvent.
Besides, since the surface treating solution is
sufficiently wettable for the base surface, the polymer
as the surface modifier can be spread uniformly onto

20 the base surface, with the result that a uniform
polymer coating can be formed even on a surface having
a complicated shape.

In the surface treating solution there may be

contained, in addition to the first solvent which is

25 volatile and wettable for the base surface and which is

a good solvent for the polymer, a second solvent which

is a good solvent for the polymer and which, however,




- 75 is relatively inferior in wettability for the base surface and is
relatively less volatile in conparison wth the first sol vent. %aﬂﬁfﬁ
exanple, nmention may be nade of a conbi ned use of i sopropyl alcohor 04
water as will be described later in the-c&85e-of using a polyolefin resin
as the material of the base surface and a

pol yoxyal kyl ene- pol ydi net hyl si | oxane as the polyner. It is presuned that
the addition of an acid as a 10 cleavage catalyst into the surface
treating solution wll bring about the follow ng effects. For exanple,
upon i ncreaseifnredaténelat iofestonniacratEarpdadit foRi thenkees al
evaporation in the course of evaporation and drying of the surface
treating sol ushsfacehandciig I@léFlHeﬁVgHe§§nﬁéﬁﬁﬁéﬂﬁoﬁnlﬁ@&gﬁﬁﬁfQﬂ%u

causes a partial_ deconposition %cleava e) f t he pol or
surface nodi f ¥é&bi §het §1aftofd I VPREment dSHng38t§38Fp eﬁ&ﬁ%ﬁﬁﬁ t hus
maki ng polyne orjentation to finer on of the b selsurfqpelp SSIb|e
Mor eover , ?Bytﬁﬁ PPH§I°§t§g8°8E18?§ H&eaﬁ é§385P§¥|oﬁ FREF o3 i on

a_pol y”egefl:'o% % 8nwéﬁ(ia§’|§ng8 Lo TRAAMRLeeY 3y tfhl | @as'es oRC GRl ﬁ?g%d

t hr ough oI et i es of Into

sur f ace- modi f y, gole%mrem%%? 40 Hh8At B2 SPROPLLALRR Bl the aci d

conmponent increases W th solvent evaporation in the course of drying and
evaporation ofnkhg suhlR%Ga1k$1eHN 2004 dimethylsiloxane 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
decomposition (cleavage) for the polymer used for
surface modification to afford fragmented products of
the polymer, thus making polymer orientation to finer
portions of the base surface possible. Moreover, in

20 the final stage of drying and evaporation the formation
of a polymer film (polymer coating or monomolecular
film) is accelerated through re-combination of cleaved
moieties of the polymer into the surface-modifying
polymer.

25 Further, when the concentration of the acid

component increases with solvent evaporation in the

course of drying and evaporation of the surface




- 76 treating solution, this highly concentrated acid elimnates
inpurities present on and near the base surface, whereby a base sur{&cEN 7004
cl eaning effect can be expected. On such a clean surface it is also
expected 5 that a physical adhesion betweea® t-he base material nol ecul es

and the polyner as the surface nodifier will be inproved. In this
connection, the base surface is deconposed by the highly concentrated acid
i nvol vi ng heat and 10 there appear active points on the sanme surface, so
that there may occur a secondary chem cal reaction in which the active

poi nts and t hérgediad sadmdriced pridgudtighdly consepdinghad acdd oi ned
together. As the case may be, the adhesion stability of the surface
nmodi fi er on tgdimdnahesadanvnities miesedd B sich readedBid 3B heni cal
adsorption of the surface nodifier and the base. Next, with reference to

Figs. 14, 15, sWgkacgepwherehy, »dage syifircen S1leand nth& &9t e Fahds onal

Pydr ophobi ¢ bAEEeehrce URs ST P Aien SUIGEEA i o GTH° BRERTE ed to a
i ace fodi 1 0P COMBITHER) £ TaRSHhie & e dien s Bo M) havi ng &
condensat | on- BPPrASToA oy iR ReAvaR i LSk oe W B i1
group indicatey g, QRd1aving a structure -4 JUN 2004
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 chemical reaction in which
the active points and the above fragmented products of
the polymer are joined together. As the case may be,
the adhesion stability of the surface modifier on the
15 surface may be improved by such a secondary chemical
adsorption of the surface modifier and the base.
Next, with reference to Figs. 14, 15, 16A, 16B, 17
to 20 and with the case where the functional group is a
hydrophilic group and a hydrophilic nature is imparted
20 to a hydrophobic base surface as an example, a
description will be directed to a polymer film forming
process by both cleavage of a main skeleton of the
surface modifier (containing a hydrophilic treating
solution) having a surface energy almost equal to a
25 surface energy of the base and condensation of

fragmented products on the base surface. The

hydrophilic group indicates a group having a structure




- 77 capable of inparting a hydrophilic nature as the entire group. Not
only a hydrophilic group itself but also even a group having a hydLngyﬁmz
chain or group is included if substituted with a hydrophilic group to
afford a group capable inparting a hydrepflZl rc nature. Fig_14 is an

enl arged diagram after the application of a hydrophilizing solution S. At
this tinme, hydrophilizing polynmer noieties P1 to P4 and acid noieties 7
contained in the solution 8 are dissolved 10 honbgeneously in the solution
on the surface of the base 6. Fig. 15 is an enlarged diagramof a drying
process aftercababippbfcampantdngt Rehydsaphiadisohatise. as| fhehientdng ng
process involving heating, the concentration of the acid conpgnent

i ncreases wi t@re8pevalefaPndy af hyAEopBiddRt ITAPPhI1ESRILqIEH 3diShi nat i on
of inpurities present on and near the surface of the base 6, and a pure

base surface P¥eRoRn8EOBY PA¥iBdse® N¥ArPRREPLFeSHRAG R&t FSRVRMIE: eby a

Dol yirers P1 CORPIPE FhoPBbSaLthroenrL thopy PRITRPEEIS SRorEoNsl  tho |
e ehsed | n BERGEH: RpFORPoPBRE A, i et sahi B hhReph R AT, |
manner the-bol yrer RS obd BE P gnd g R L R ed acid and

Fig. 17 Shomsabﬂl%@ﬁ%igﬁne%ratB@droﬁhiywzaga4solution 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 surface 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 on and near the surface of the
base 6, and a pure base surface is formed by the base
surface cleaning action, whereby a physical
adsorptivity of the base 6 and that of the surface

20 modifying polymers Pl to P4 are improved. In this
drying process, moreover, the hydrophilizing polymer
moieties P1 to P4 are partially cleaved by an increase
in concentration of the acid component which is
attributable to solvent evaporation.

25 Figs. 16A and 16B schematically show in what

manner the polymer moiety Pl is decomposed by the

concentrated acid and Fig. 17 shows in what manner the




- 78 thus-deconposed hydrophilizing agent is adsorbed on the base. As the
sol vent evaporation proceeds, main skeleton portions of fragnented-4JUN2m4
products Pla to P4b fromthe polynmer as a constituent of the
hydrophilizing 5 agent which has reached @8dissol ving saturation, having a
surface energy substantially equal to that of the base, adhere selectively
onto the surface of the base 6 which is now a pure surface obtained by
washing. As a result, groups 1-1 contained in the surface nodifier 10 and
having a surface energy different fromthat of the base 6 are oriented
out si de with tlkspedeconpeiedbhyérephithaingt apgenhi Assrarerdrdpen it
having an interfacial energy alnost equal to that of the surface of the
base 6 are orbaseed d8 the BaiveBtr P¥ERCHAYLIPRePTPSCRASUP®AEN having a

surface energy different fromthat of the base 6 _are oriented_outside
opposite to thkebaten BUFfaeBs 8§ fﬁégmﬁnﬁ?ﬂrBEH9PFESn§98rEoi?4#hparted to

the surface of the base 6 if the groups. 1-1 are _hydrophi.lic,qgraups, and

thus the basef%amf5k& PglﬁﬂeﬁoaﬁfgeHQRﬁFQFuT§£seﬁeﬁgFiCXPF?pH%Hﬁé%%ges an
adsor bed_state of the hydrophilizin n .t he fa fter the
apEIicat?gn oPITHE Hﬁ&?ﬁphﬁ i%Fhéhegosgﬁf%ﬁggﬁakguggggggﬁﬁgéfyﬁﬁaaigi usi ng

as the polyTer, o Pk aBXaRLEyy A SRBLYIRE 1229, SUglads (BOkKS! B¥aned n whi ob

fragmented products from ol'ynmer can nded at | east partially by
condensation, piLei S AR8FELLR1ELLALERY BnkbnkREeshierBBe- 6 WN2MHbe 6

which is now a pure surface obtained by washing. As a
result, groups l-1 contained in the surface modifier
10 and having a surface energy different from that of the
base 6 are oriented outside with respect to the base 6.
Thus, the main skeleton portions having an
interfacial energy almost equal to that of the surface
of the base 6 are oriented on the base surface and the
15 groups 1-1 having a surface energy different from that
of the base 6 are oriented outside opposite to the base
surface, so that a hydrophilic nature is imparted to
the surface of the base 6 if the groups 1-1 are
hydrophilic groups, and thus the base surface is
20 modified. Fig. 18 schematically illustrates an
adsorbed state of the hydrophilizing agent and the base
surface after the application of the hydrophilizing
solution and subsequent drying.
By using as the polymer, for example, a polymer
25 such as polysiloxane in which fragmented products from

the polymer can be bonded at least partially by

condensation, it is possible to allow a linkage to be




- 79 formed between fragnented products adsorbed on the surface of the
base 6, to afford a polyneric state, and hence possible to nake the § UUMZ004
of the hydrophilizing agent stronger. Fig. 19 schematically illustrates a
5 reconbi ned state by such a condensation7geaction. The fornmation of
fragnented products using pol ysil oxane and the condensation thereof into
the polyner are effected in the follow ng nmechanism Wth controlled
drying of the surface treating 10 solution on the surface to be treated,
the concentration of the dilute acid contained in the surface treating
agent increasesroad batweehufragnerhed aprddacte Fdserbedpmpstheauses the
sil oxane bond in the polysiloxane to be cleaved, resulting in 15 formation
of fragnment edsprbrcet et ofhehbapel §si toxahEoTAR BPIYIREHF uPFRt%ci 8™ESchene

1). As the treating solution present on_the surface to be treated is
further driedierpr ReRSERLRat?oR2kE the f%%ﬁd%ﬁt%ﬁ? ?ﬁékﬁﬁ?%iﬁﬁﬁPgined in

the treating solution also 20 jncreases,, Wth consequent J ovenpent in the
contact probd®Frtt FEHheRAREN fFé%neﬂ?eﬁcﬁ?%ﬁgi?%iEy%lgf?%é%?%?s 4s shown in

e A e A T O

_ SO aSs _ESI _UI’IC&CIda88.25
by- product, 'Eoérﬁgtfgéfsg%g RELLES A £l St YL PREOB) Py IBE LY he JLRHPS O

the silylsul furtc™ aci are oglentega%omarg the to-be-treated surface,
while - 4 JUhkﬁgoéOndensation 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
surface treating agent increases and the
thus-concentrated acid (e.g., H,S0,) causes the siloxane
bond in the polysiloxane to be cleaved, resulting in
15 formation of fragmented products of the polysiloxane
and silylsulfuric acid (Scheme 1). As the treating
solution present on the surface to be treated is
further dried, the concentration of the fragmented
products contained in the treating solution also
20 increases, with consequent improvement in the contact
probability between fragmented products. As a result,
as shown in Scheme 2 below, fragmented products are
condensed with each other to reproduce the siloxane
bond. Also as to the silylsulfuric acid as a
25 by-product, if the surface to be treated is
hydrophobic, methyl groups of the silylsulfuric acid

are oriented toward the to-be-treated surface, while




5 -80 sulfone groups are oriented in a direction different fromthe
to-be-treated surface. Thus, it is presuned that the silylsulfurie acid
will make sone contribution to the hydrophilization of the surface td H&N 2004

treated. [General fornula 21 Schene CH3-CB@ €H3 | | | CHs-Si --O-Si
-O0Si -CHs I I I CHA RCHa | Heat + Hz S04 CHa CH3 CHs | | CH3-S | -O-S
I -OHHS»4-Si -CH3" | I I CHs R CHa Fragnented products of polysil oxane

Scheme 2 Silylsulfuric acid CH3 CH3 CH3 CHa CH3 CHs-Si-O Si-CH
HO-Si-OSi-Ma 2 HSO4- - - Si - CH3 _ _ _
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

(iIHs CHs .gﬂa Heat
C}Ir—Si-—CT—?i—{}—§i-CH{3 + Ha2S504

{

CHs R CHs

1
?Hia 9}i3 ?Pia
CHr*%i—O—?i—OH HSO4"§E*CH?
CHs R CHa
Fragmented products Silylsulfuric acid
of polysiloxane
Scheme 2
FHa CHas FHa ?Ha ?Ha _
t
CH3—Si—0—-Si—0OH HO"?i—O—§i—CHa 2 HSO¢—$i—CH3

I !

CHz R R CH3s CHa
Fragmented products Fragmented products Silylsulfuric acid
of polysiloxane "of polysiloxane

Jl (pehydrocondensation)
H0
(I:Ha (EHa ( (.I':Ha CHs lCHa

!
CHs—S‘ i -—0—§ i~0—-8i—-0-Si—CHs 2 HSO»:--SI i—CHs
| i
CHa R R CHa CHs




I 1 1i | CH RRCH CH3 Fragnented products Fragnented products
Silylsulfuric acid of polysiloxane of polysiloxane H2O CH3 CH3 ( CyByy §
| 11 1 CHs-Si-0-Si--0Si-0Si-CHs 1 (Dehydrocondensation) | | H gg@
RRCHB CHRB 2 (i-iso4_Si -CH3 | CHs --481UN 2004 -- 81 Fig. 20
schematically shows an exanple of a state of a surface treating solution
having a conposition wth water present in a solvent. If water is present
in the solvent of the treating solution, both water and 5 a volatile
organi ¢ sol vent evaporates in the course of solvent evaporation fromthe
hydr ophi I'i zi ng sol Biigen20us¢bematacpAdy( §hoWRORBCAEKAEPLE QRbt 8r SERFSOf t he
organic solvent are indicated at 11 and 10, respectively). . ln this case,

since the evapératanfﬁgesﬂééétéﬂgtﬁ@lVGngl éVngaﬁ|8°§BP§éﬁf°Ps hi gher

t han
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 surface tension of the treating solution. As a
result, there occurs 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 products Pla-P4b from the hydrophilizing
polymer, which portions have a surface energy almost
equal to that of the to-be-treated surface of the base
20 6, are oriented on the base surface side at the
interface between the base surface and the treating
solution (a hydrous layer 12) with an enhanced water
concentration by evaporation. On the other hand, the
hydrophilic group-containing portions of the fragmented
25 products from the polymer are oriented on the hydrous

layer 12 side where the water concentration has been

enhanced by evaporation of the organic solvent. As a




that of water, the concentration of water in the treating solution

I ncreases, W th consequent increase in surface tension of the treatrﬁQUszl
solution. As a result, there occurs a difference in surface energy at 15
the interface between the to-be-treated-s8&face of the base 6 and the
treating solution, and portions of the fragnmented products Pl a-P4b from
the hydrophilizing polynmer, which portions have a surface energy al nost
equal to that of the to-be-treated surface of the base 20 6, are oriented
on the base surface side at the interface between the base surface and the
treating sol uesoht(ailtydsopzesayed thptniat prefedsraieed wat er
concentration by evaporation. On the other hand, the hydrophiligc

gr oup- cont ai nPRGepdEPLdATYOP It ABef PRIFERITe d ragmBd@dc PXodMshS i 1ol yner
are oriented on the hydrous |ayer 12 side where the water concentration
has been enhBRcEYTEReEYAPBFRVESN of the organic solvent. As a - 4 JUN 2004

- 82 result, it is presuned that a_ predeterm ned rientahi]ity of the
pol yner fragnentedTBPogasﬁgqﬁIlpveﬁggfﬁ?ﬁﬁéFOPﬁf?BW%HFl$ﬁbgﬁ#g§ent

invention i s concerned with,syuch 5.struct.ur . Y {lter in a
liquid faed ngﬂcﬁggﬁsfgﬁ & FhuF)%Ei§Ed$on§ﬁ%%dH§E%i%? ggqqﬁ%%cerned

with a fibrous absocher (Lor o nlguila ekl diokided Wnd A dlagati ve

pressure. Parplcularly, accor g to'the present invention, a

hydr ophi |'i zat LQR LOntealiTeNta ifSHaRRld Abddrtdieifor It juu fagas In the
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 surface modifying method according to the
present invention described above, the element to be
surface-modified is not limited to fibers, but wvarious
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 group being a
hydrophilic group:
An element to be treated is one which requires
20 absorbability such as an ink absorber used in an ink
jet system (the foregoing embodiments are applicable to
the case where olefin fibers ére included). By the
surface modifying method according to the present
invention it is possible to impart such a hydrophilic
25 nature as permits instantaneous absorption of ink

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

above embodiments) to the element to be




el ement surface nodi fying nmethod according to the present invention

descri bed above, the elenent to be surface-nodified is not limted égUN 2004
fi bers, but various other elenents and uses are nentioned according to 15
characteristics and types of polynmer funcB8Bonal groups- Reference will be
made bel ow to several exanples. (1) In case of the functional group being a
hydrophilic group: An elenent to be treated is one which requires 20
absorbability such as an ink absorber used in an ink jet system(the
foregoi ng enbodi nents are applicable to the case where olefin fibers are

i ncl uded). Bysthfaceumpdifiaddi f Phagsueface @edsbfuing P8thAE pPesent
invention it is possible to inpart such a hydrophilic 25 natyre gs permts
i nst ant aneousquestipni b8 aispnrifestive inckhe GaPerYB&E8d3i kI ef erred
toin the above enbodinents) to the elenent to be - 4 JON 2004 - 83
surface-nDdifréﬁaiﬁﬁégsBFPBEEtﬁnaFf§?ﬂ§lﬁﬁahod in question is also
effective in the case where a quubd fret%i.nin ﬁ%ogerggik %equired. (2)
In case of the fun&éionBl C§PEuBTo&NRgTHPCEPRASEHIPIE §rols: ®By the surface
nmodi fyi ng met hod according to.the present invention, even for an el ement
requiring a %FBBBﬁFE?E ﬂgPHPé it is possible to neet the requirenent

effectively. 10 (3} Ak} 0L, 208t ARAkFGINLORStRbat Becortfidge to the

present invention, even for an element requiring a

lipophilic nature it is possible to meet the

requirement effectively.

10 (3) All of other applications of the surface
modification are covered if they can be attained using
+the mechanism of the above principle.

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

15 alcohol (IPA)) capable of improving wettability for an
element surface and capable of improving wettability
which permits dissolving of a polymer, a medium for
inducing polymer cleavage, and a polymer containing any
of the foregoing functional groups and a group (or a

20 cluster of groups) having an interfacial energy
different from that of the functional group and almost
equal to a partial surface energy of the element
surface, there can be attained a particularly excellent
surface modification effect by condensation after the

25 cleavage. It is possible to ensure such uniformity and

characteristics as have heretofore been unattainable.

The property superior in wettability for the




nodi fication are covered if they can be attained using -the nechani sm of
the above principle. Particularly, if there is used a treating agenL4JUN2m‘
containing a wettability inprover (e-g., isopropyl 15 al cohol (IPA))
capabl e of inproving wettability for an- 8tenent surface and capabl e of

I mproving wettability which permts dissolving of a polynmer, a mediumfor

I nduci ng pol yner cl eavage, and a pol yner containing any of the foregoing
functional groups and a group (or a 20 cluster of groups) having an
interfacial energy different fromthat of the func;ional,gnoup and al nost
equal to a parentdinedfhiguideigyhereinedepdapateds tyaeBitifere can be
attained a particularly excellent surface nodification effect by
condensati on 22¥eFethe 25 cleavage. it is possible to ensure such

uniformty and characteristic¢s_as _have heretof ore_bee i nabl e. The
property superior BﬁfﬁE?PﬁBiWF?§ PF PReM29G g%Nazﬁbﬁpie§§%E%§ntained

liquid is herein designated "lyophilic _n - L] | b d
toqa supplenﬁﬁ?%?epEoﬁge%ﬁeoPrﬁﬁgnBréggﬁP%ﬁﬁégnt%Eﬁésksﬁggfgg{#fggyab?gh? ©
5 cal ci tearate or [ | cit e | di A es g Td d
other ad ifiv%%fﬁ%%msﬁgégfgég 8%oﬁ%g?§§§lthgﬁeq%ggegé,RE&?‘g%%é?ﬁ?%; to
t he surface Eggﬁgxgngigg;gongeggﬁggegdageyeegtakg geasithiinest o di m ni sh

di ssolving or precipitation of such 10 neutralizer and other additives in
ink and this Bﬁﬁgégﬂbd in the fibers, but according to the surface
modifying method described above it is possible to
diminish dissolving or precipitation of such
10 neutralizer 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
application range of neutralizer and other additives
15 can be expanded and it is possible to prevent a change
in characteristics of ink itself, but also a change in
characteristics of the ink jet head itself can be
prevented.
An example of a process chart in the manufacture
20 of these various products is shown in Fig. 32. At the
beginning of manufacture (S1) both element and treating
solution are provided, then there are carried out a
treating solution application step of applying a
treating solution to a surface (a to-be-modified

25 surface) of the element (S2), a surplus portion removal

step of removing a surplus portion from the surface to

be modified (S3), a treating solution concentrating and




can be solved if the polyner filmdefined in the invention is formned.
Thus, according to the surface nodifying nmethod descri bed above, nkaﬂnb%4
the application range of neutralizer and other additives 15 can be
expanded and it is possible to prevent a ghange in characteristics of ink
itself, but also a change in characteristics of the ink jet head itself
can be prevented. An exanple of a process chart in the manufacture 20 of
t hese various products is shown in Fig. 32. At the beginning of

manuf acture (Si) both elenent and treating solution are provided, then
there are carevagopdtian ttept ifog sbeutileavagpl pfadi e@LlyPeF @ S%appl ying a
treating solution to a surface (a to-be-nodified 25 surface) of the el enent
(S2), a surpl osipothitdpnr efofabgrendsdoProdsFEsn§ra ther SFLa5E (5D PS rom

the surface to be nodified (S3), a treating solutiagn concentrating and - 4
JUN 2004 - 85modafdedt (64 )st @pdf @ PORYTETe SPRGENSE T30 SHFEY f[&‘er

orientation of fragmented products on the surface to b nndif%?q?(84), and
a pol yner conbendandokedwesry &ragdgieRdiety PFaANET FfﬁﬁhgﬁF%&mﬁﬁ%dﬂcts into

the polyner 5 (S5). Through these steps there can be t.ai. el enent
havi ng aSnmodi ﬁgéd -suMhEERGhsHhe st & YRS, NG S 61701 | c?n%(%c}:?\aclglerﬁ%r 2‘{@t}|1 ng step

and the treatig% sol utiagn evapog&%yoa:gﬁ%%éq%&(égy_can be carried out by

a continuous Ké ﬁﬁﬁyu J§Eb6‘ﬂp ra0 y at” a tenperature (say, 600

hi gher than room The treating solution concentrating step and the
treating sclution evaporation step (sS4, 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 polyolefin resin

15 surface together with water, an acid, and an organic
solvent (say, isopropyl alcohol), and may be 2 hours or
so in the use of a 40 wt$% aqueous isopropyl alcohol
solution. The drying treatment time can be shortened
by decreasing the water content.

20 Although in the example shown in Fig. 32
fragmented products of the polymer are formed on the
to-be-modified surface of the element, a treating
solution already containing such fragménted products
may be fed onto the to-be-modified surface of the

25 element and orientation may be allowed to take place.

For example, as noted earlier, the treating

solution employable in the invention contains a



tenperature and bel ow the boiling point. For exanple, the drying treatnent
time may be about 45 minutes to 2 hours in case of using a polysil oxéageN 2004
havi ng a hydrophilic group for nodifying a polyolefin resin 15 surface
together with water, an acid, and an orgaBbc- sol vent (say, isopropyl

al cohol), and may be 2 hours or so in the use of a 40 wt % aqueous

| sopropyl al cohol solution. The drying treatnent tinme can be shortened by
decreasing the water content. 20 Although in the exanple shown in Fig. 32
fragmented products of the polynmer are forned on the to-be-nodified
surface of theettanbhityaimpeavengfosolinproningr chayveskeRinihy Sdch
fragnmented products may be fed onto the to-be-nodified surface aof the 25
el enent and othentaeathngagobutapnofied thet SRELRFEcEC bpomogdid , as

noted earlier, the treating solution enployable in %h ,bn%ention gﬁptains
a - 4 JUN 2008he gettakilaky| LOPTPREFoREPSEEFLPHFEY ﬁgl AEYWEPEaBMS ty of
the treating solution for the sur%acgﬂéo be nodi

SUur, fied, he ttabilit
i nprover poss8Ysfagewtet BB PPy s b?&PQagegP8gb§°%3 P%?g&égﬁh bging a

ood solvent for a 5 pol, r. which._i 1 ef f : fl di f
gonpoﬁeng, a EBFV@ﬁF,Bal%gfﬁﬁePth§%%C%gvg GelLYE gﬁgl%?ﬁggn 1Tyl ng

aving catalyst, pol ymer
containing a functiondl draus LRt | BPRLLLAG: B1ERdibyl eawahbad tad he
surface to be“HBHPFFBG-and>"al'so ¢ont ai n ng a group for adhésion to the
surface to 19hgepggghgge@0ntaining a functional group for imparting

a modifying effect to the surface to be modified and

also containing a group for adhesion to the surface to
10 be modified.

[Principle Application Example 1]

Description is now directed to an example in which
the above principle of surface hydrophilization is
applied to a polypropylene-polyethylene fibrous member.

15 For example, an actual polypropylene-polyethylene
fibrous member is in a lumpy shape of combined fibers
which shape permits the fibrous member to be used as an
ink absorber for holding ink. For example, as shown in
Fig. 21A, a fibrous member 23 which functions as an

20 absorbing and holding member for various liquids,
including ink, is received at a predetermined
orientation into a container 21 of a suitable shape
having an opening 25 which is open 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 ugsed in an ink

jet recording apparatus. Particularly, as will be




[Principle Application Exanple 1] Description is now directed to an exanple
I n which the above principle of surface hydrophilization is appliqg4tﬁ ?U
pol ypr opyl ene- pol yet hyl ene fi brous nmenber. 15 For exanple, an actual JUN 7004
pol ypr opyl ene- pol yet hyl ene fibrous nembeB7is in a | unpy shape of conbined
fibers which shape permts the fibrous nenber to be used as an ink
absorber for holding ink. For exanple, as shown in Fig. 21A, a fibrous
menber 23 which functions as an 20 absorbi ng and hol di ng nenber for various
liquids, including ink, is received at a predetermned_ orientation into a
cont ai ner 21 désarsbedabateshupth KafpAENER bPeRiAF- 253%NEtEh<23E &h to the

atnosphere, and thus the fibrous nenber can be useg as . a Iigu%&x%f hol di ng
contai ner. FuRdheto 284Eh af pAkexbEBebEibPFeusSsaPEIBPETe A BPEFIH: thin an

ink tank used in an ink jet recording apparatuys. Fart'cularlﬁ, as wll be
- 4 JUN 2004 wigh adbydrppbaligt &FeqittRIr SPLHERCR PBSFPES™ SRS and
24A to 24F, 'if after the fibrous absorber inpregnated w.th a philic
treating sol utPoRIHESZBeBHd@pFEEREYS ?58§ag§gzgogﬁglgnsSF%FU§Q¥%%§ting
solution_fromfiber 5 gaps, follaqued cheat ;dryi e SbiBh9lds- ahsor ber
is recePved ﬂFPﬁknfﬁlggﬁﬁg L? %gg%egl¥58§é Fﬂ%tE?%gOL?rg%F?ng sol ution
squeezi ng- out directioag%ﬂg t he . fiDPr ous ;abgachehsemMrhagsivhe di rection
ank be

when inserted Fnto the aligned with each other. That is, for 10
exanpl e even E&egkgﬁﬁ REAVGRLRY sBueBEdhePbultl dliRectgemnt 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 fibrous absorber into the tank.

The fibrous absorber is constituted by a biaxial
fibrous member of polypropylene and polyethylene, in
which individual fibers are approximately 60 mm long.
This biaxial fibrous member, as illustrated its

20 sectional shape in Fig. 22A, has a generally circular
(closed ring-like) external form {(outer periphery
shape) in a section thereof perpendicular to the axis,
in which polypropylene fibers relatively high in
melting point are used as a core 23b and polyethylene

25 fibers relatively low in melting point are disposed as

a sheath 23a around the core. Short fibers of such a

sectional structure are aligned their arranged




adhesion is not ensured when the fibrous absorber has been restored to its
original state fromthe conpressed state in the treating solution -4 JUN 2004
squeezi ng work, such an inconveni ence can be offset at the tinme of
insertion of 15 the fibrous absorber into88he tank. The fibrous absorber is
constituted by a biaxial fibrous nenber of polypropyl ene and pol yet hyl ene,
in which individual fibers are approximately 60 mmlong. This biaxial
fibrous nenber, as illustrated its 20 sectional shape in Fig. 22A, has a

generally circular (closed ring-like) external form (outer peripher
shape) in a s@tréohiehebBomepeppehidpcGrAAINE Pﬁ@héﬁﬁs,“diﬁhﬁﬁieﬁatE&/

pol ypropyl ene fibers relatively high in nelting.poin rre used a core
23b and poIyet%yi@ﬁECQSfPﬁb@PSEpéﬁéPHVEP§WF8% PﬁJEE &nglESFﬁr a&%’disposed
as a sheath 23a around the core. Short .fibers of such a ti

structure arebﬁlW@ﬁ@dSPﬁgFflﬁrrEﬁSEdng &SJﬁﬁnaﬁﬁfea %Q adF%% FF%h Y. means
of a carding machine and then heated _to_induce fusi di ween

adj acent fi beRéghgg tBE“nﬁFE Eﬁggﬂppc?oﬁggtP#g%P%Q%g%QE%%%H%%g%?

(emperatyre bigner, bhanstie VL A8.80ui ferpdhiegikangas the 5 sheaih

23a and Fower _ I'ti Ag "poi nt of I'ypropyl ene as the core 23b to
afford a strucgﬁggrggylggbcQFthﬁpggﬁgpngfkge%gf@&g faustanrdirdedid oget her

at each cont 8¢ tion of fibers. In the above fibrous structure, as
shown in Fig.  h1Bh2b61veithGa ehne filteaiss st fakiignedonddecmtdiany 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 (F1l) and are partially
contacted with each other. Heating induces
fusion-bonding of adjacent fibers at each of such
15 contact points (intersecting points) to form a net
structure. This net structure affords a mechanical
elasticity in a direction (F2) orthogonal to the
longitudinal direction (F1). Accordingly, a tensile
strength in the longitudinal direction (Fl) shown in
20 Fig. 21B increases, whereas a tensile strength in the
perpendicular direction (F2) is poor, but a restoring
force is ensured against a depressed deformation.
A look at this fibrous structure in more detail
shows that, as illustrated in Fig. 21C, individual
25 fibers are crimped and that a complicated net structure

is formed and fusion-bonding occurs between adjacent

fibers. Part of the crimped fibers face in the




machi ne, the fibers are continuously arranged mainly in a | ongitudi nal
direction (FI) and are partially contacted with each other. Fbating4JUN2m4
i nduces fusion-bonding of adjacent fibers at each of such 15 contact
points (intersecting points) to forma ne89 =structure. This net structure
affords a nechanical elasticity in a direction (F2) orthogonal to the

| ongitudinal direction (F1). Accordingly, a tensile strength in the

| ongi tudi nal direction (FI) shown in 20 Fig. 21B increases, whereas a
tensile strength in the perpendicular direction (F2) is poor, but a
restoring fqexpéndirsiarddberehsen al Hepre SeRMRERE? nAti on A | ook at this
fibrous structure in nore detail shows that, as_ill s%rated in Fig. 21C
individual:Eih#%ﬁn%i%ﬁ%s%@?ﬁ%eﬁ“%hﬂnfh%?dhn%0in?%afé TRRP structure is

formed and fusion-bondi ng occurs tween_adj acent .fibers t he
crinmped fiberStFacure) 'f%d-acmmf%ohn-‘? %ége‘ﬁ%%%%d‘r'%%l S‘r’?@%&egsi on (F2)
to conplete a _three-djnensipnal I on: bongi T 1 us structure
used actualIys*ﬁv?ﬁigsk&%n$l§°VB%£F§%%%ﬁagsgig f%e?guébgéﬂa tow of bi axi al

fibers in which 5 polypropylen i ber ayi i A8l bbRgpoi nt  of
about 180C ma%o%%gfgﬁyg%%gl%fggﬁ%eggr?cg?fg ﬁﬁ?ﬁngpﬁlgg%ﬁ§ﬁgngbfibers
having a mel {10 pOLPt 186 @PQLL oddtln ASaPiiVBohBefitdicdldy ladhhe fibrous
structure thls Used, % fi

ere exists a main er arranged direction 10 (Fl),
so if the fib£8f§e§ﬁ§9858rfibérgiHQ@ﬂnbna|h§MEﬂng point of about

132°C, as shown in Fig. 22A. 1In the fibrous structure
thus used, there exists a main fiber arranged direction

10 (F1), so if the fibrous structure is dipped in liquid,
the interior fluidity and holdability in a stationary
state are distinctly different between the fiber
arranged direction (F1) and the direction (F2)
perpendicular thereto.

15 Since in this example the element to be
surface-modified is the fibrous structure whose liquid

holdability is higher than that of an element having

flat surfaces, there was used a treating solution of

the following composition:




the interior fluidity and holdability in a stationary state are distinctly
different between the fiber arranged direction (Fl) and the directiongﬁ%M‘
per pendi cul ar thereto. 15 Since in this exanple the elenent to be
surface-nodified is the fibrous structureS@hose liquid holdability is

hi gher than that of an elenent having flat surfaces, there was used a
treating solution of the follow ng conposition: - 4 JUN 2004 - 90 5

[ Tabl e 2] Table 2 Conposition of a fibrous menber hydrophilizing solution
Conmponent Conposi tion (W% (Pol yoxyal kyl ene) - pol y(di net hyl si | oxane) 0. 40

Sul furic aci dDT@Blesdpropyl al cohol 99.55 10 (1) Fwdrophilizing met hod for a
PP- PE fibrous absorber A pol¥propylene E éethﬁ epe brous a sorQFr

- of the structTaRlehdwnCPRPREGTI98AOHA8 gﬁ 4si fed eﬁy Vgﬁﬁppﬁ g §b|ut|on
28 of the above conp05|t|on 15 (Fig. 23B). At this tinme, the treating
solution is H®el8*iA"gaps of the fibrous absorber. Thereafter, the fibrous

absorber was depressed (Fig. 23C) to renove a surplus portion of the
treating sol ution 28 heldin

5 Component Composition
(wtd)
( Polyoxyalkylene)-poly(dimethylsiloxane) 0.40
Sulfuric acid 0.05
Isopropyl alcohol 99.55
10 (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 time, the treating solution is
held in gaps of the fibrous absorber. Thereafter, the
fibrous absorber was depressed (Fig. 23C) to remove a
surplus portion of the treating solution 28 held in
gaps of fibers 23A. When the fibrous absorber 24 is

20 taken out from holding jigs 27 such as wire nets, it
reverts to its original shape (Fig. 24A) with a liquid
layer 28a formed on fiber surfaces. The fibrous
absorber with wet fiber surfaces was dried in a 60°C
oven 29 for 1 hour (Fig. 24B). 1In this way it is

25 possible to obtain a fibrous absorber 24 with a
hydrophilized layer 28B formed on surfaces of the

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

views of Figs. 23A to 23C, respectively, and Figs. 24D




gaps of fibers 23A. Wien the fibrous absorber 24 is 20 taken out from
hol ding jigs 27 such as wire nets, it reverts to its original shapes(J5Ng004
24A) with a liquid |ayer 28A forned on fiber surfaces. The fibrous
absorber with wet fiber surfaces was drtedlin a 60C oven 29 for 1 hour
(Fig. 24B). In this way it is 25 possible to obtain a fibrous absorber 24
with a hydrophilized |layer 28B fornmed on surfaces of the fibers 23A
Figs. 23D to 23F are partially enlarged views of Figs. 23A to 23C,
respectively, and Figs. 24D -4 JUN 2004 - 91 to 24F_are partially enlarged
vi ews of Fi gsto224Ftarezpartiadpgcenterged( worpar afi FégexakfifetP and
Ref erence Exanple 1) As Conparative Exanple 1, the sane operations as 5
in the net hod24escrebpectbvedyin connection with Figs. 23A to 23F and 24A
to 24F were performed also with resgect to_the fibrous nenbgr
hydr ophi | i zi ng sol (EPeRarabivai EXARPLRI ¢ s0fr BPEETERFE EAG™PLEprdpy!
al cohol, which solution corresponds tggtﬂe zﬁluti%g %hoggtL%nslgéTable 2
excl usi ve of (poIyb?y%PW?PEﬁE}YEoﬁﬁeaP t iyl $PFoxaNe) PPEGF RS &h
untreated PP-PE fjbrou ags rber. . d_as_Ref G§ | &4 In the
above PrPnci ptB FBﬁIWEiPP ngﬁfﬁﬁﬁﬁgalgggﬁg §T58§§%§%t of tﬁgﬂhyd%gﬁhilizing
sol uti on appi jeg 19 Wa0b8A0k ot BREPEEEE bebiBuscabsaLhey ey the above
application ngg o%oiégg.gn 053§5E8 reFathe o 0.5 g of
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 exclusive of
(polyoxyalkylene)-poly(dimethylsiloxane). Further, an
untreated PP-PE fibrous 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 of the PP-PE fibrous absorber by the above
application method is 0.3 to 0.5 g relative to 0.5 g of
the fibrous absorber. Also in Comparative Example 1
the amount of the solution applied is the same as in
20 the Principle Application Example 1.
The fibrous absorbers thus treated were then
checked for 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 evaluation using a squirt

Using a squirt, pure water was dropped into each




the fibrous absorber. Also in Conparative Exanple 1 the anmount of the
solution applied is the sane as in 20 the Principle Application Exanp

The fibrous absorbers thus treated were then checked for surface-tre 2004
conditions in the followng manner, the 82sults of which are as set forth
bel ow. (1) Hydrophilicity evaluating nmethod for PP-PE 25 fibrous absorber
a) Pure water dropping evaluation using a squirt Using a squirt, pure

wat er was dropped into each -4JUN2004 -- 9 2 of the PP-PE fibrous absorber
havi ng been subjected to the treatnment described in Principle Application
Exampl e 1, thef PER@EPP+BEofisbabysr Bbsosbetohpuingi beencgahpreted &Rd t he
untreated PP-PE fibrous absorber of 5 Reference_ Exanple 1, and the degree
of pure waterthpetreatmentudesebibpdedn BYiRGAPLSt PBRLIFASEPE wat er
perneation A container of a sufficienpt size for_each PP-PE fibrous
absorber was ExprBYewlt hther BPrBEef1PTAER PRECTRET PRLPECFPBFBGL VEbsor ber of
Principle Application_Exa e S absorbgrO%LEQOgQarative

mple 1, the PP-PE EL% o]
Exanpl e 1, aﬁﬂaFﬁéeuﬁtréﬁpeﬁhPPPPErFFEFgug a Eo#58F°3F REFPEF 8fice ” Exanpl e
o o BN LSRN LRSS CONE U5, AR BB Lot oo e of
PP- PE fibrouspgg%gé ers %%ng%gEE%egi the pure water dropping eval uation
b) Evaluation of pure water permeation
A container of a sufficient size for each PP-PE
fibrous absorber was filled with pure water, then the
10 PP-PE fibrous absorber of Principle Application Example
1, the PP-PE fibrous absorber of Comparative Example 1,
and the untreated PP-PE fibrous absorber of Reference
Example 1 were each put siowly into the container and
checked for the degree of pure water permeation.
15 (2) Results of the hydrophilicity evaluation on
PP-PE fibrous absorbers
a) Results of the pure water dropping evaluation
using a squirt
When pure water was dropped from above to the
20 PP-PE fibrous absorber of Principle Application Example
1 by means of a squirt, the pure water soaked into the
fibrous absorber in an instant.
In contrast therewith, when pure water was dropped
from above to each of the PP-PE fibrous absorber of
25 Comparative Example 1 and the untreated PP-PE fibrous

absorber of Reference Example 1, the pure water did not

goak into the PP-PE fibrous absorbers at all, but




using a squirt Wien pure water was dropped from above to the 20 PP-PE

fi brous absorber of Principle Application Exanple | by neans of a.§gnp$g
the pure water soaked into the fibrous absorber in an instant. In c @¥

t herewi th, when pure water was dropped -fP3nrabove to each of the PP-PE
fibrous absorber of 25 Conparative Exanple 1 and the untreated PP-PE

fi brous absorber of Reference Exanple 1, the pure water did not soak into
the PP-PE fibrous absorbers at all, but - 4 JUN 2004 - 93 fornmed spheri cal
liquid droplets in a repulsive relation to the fibrous absorbers. b)
Results of thEopued spherigpppliguédaftaPiets WieR TRBUPBIBE fi brous
absorber of Principle 5 Agglication Exgnﬁlg 1 was put slowy into the
container fi¥rebatiPRhtPuFRenhEBFOUSt 2RFREPPRE0 the water slowy. This at

| east indicates that the surface _of the PP-PE_ f.ibro r. havi ng been
treated by the netﬁédRﬂﬁgiFFb8§ §§8v8ufﬁ ESHﬁch%gﬁl%gtggéﬁggil A to 23F
and 10 24A to 24F possesses,ashydrophi Li : 8c9LRer hand, when
the PP-FE fi brous Hﬁ?Brgg? ngPgo%ﬁgggpﬁvébgégggﬁeO%ng%g F%g unt r eat ed
PP-PE fLbroug_absaqrber o eRc | €146 8 Nt +HleOVWoh tdiHea t he
pur e matér-fiﬁPBglggﬁﬁgpngfgﬁkgéhmfﬁggéggglg aggg}bers ponpleteI;'roated_
on the pure wates . qEveRn alker whker apge sa@hkt HBRobehe Waeeus1ahagsbers did

not absorb water, thus clearing proving that they are
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, when the PP-PE fibrous absorber
of Comparative Example 1 and the untreated PP-PE
fibrous absorber of Reference Example 1 were put slowly
into the pure water-filled container, both fibrous

15 absorbers completely floated on the pure water. Even
after the lapse of time both fibrous absorbers did not
absorb water, thus clearing proving that they are
water-repellent.

From the above results it is seen that even in the

20 case of a PP-PE fibrous absorber, if a treating
solution containing a polyalkylsiloxane having a
polyalkylene oxide chain, an acid, and an alcohol is
applied to the PP-PE fibrous absorber and then dried,
there is formed such a coating of the polyalkylsiloxane

25 as shown in Fig. 24C and that therefore the surface

hydrophilization treatment is carried out effectively.

As a result, the PP-PE fibrous absorber treated as




wat er-repellent. Fromthe above results it is seen that even in the 20
case of a PP-PE fibrous absorber, if a treating solution containing, 3N 2004
pol yal kyl si | oxane having a polyal kyl ene oxi de chain, an acid, and an

al cohol is applied to the PP-PE fibrous %bsorber and then dried, there is
formed such a coating of the polyal kyl sil oxane 25 as shown in Fig. 24C and
that therefore the surface hydrophilization treatnent is carried out
effectively. As a result, the PP-PE fibrous absorber treated as - 4 JUN
2004 - 94 above according to the %resent i nvention was_found fully

o)
function as @PIVK IFRVFBERT tRntherPEeseRt et PHRREPT 2SS F ?u?aetﬁurpose of
confirmng the above results 5 ip other m@%ds fgrfggkéng sure that the
pol yal kyl si | A hERARELAR pdF VAP kITMen2P B R ChaPh T3bhdres to the
surfaces of PP-PE fiberg and forms a polynmer coating in the surface
modi fi cat i on T RAG tbg%he present invention, there was made

observation 10 usi g, SEN pOLOgEaRhe OlntDEnfhbetnstibagesrebuass, 25, 26

and 27 are enlarge aphs® show ng s aces of the untreated

PP-PE fibers {[i ﬂ@épﬂégﬁgfbfé} pikRefesepsecExanphe 1. Fig. 28 is an

enl arged” SEM phot ogr a ow ng surfaces of 15 acid-treated PP-PE fibers (a
PP- PE fi br ous,dbs91 Rl sii688h&dndi 1 hgoal Yobgatkpnenal 6nbak) chbigonparati ve

Exanpl e 4.
adheres to the surfaces of PP-PE fibers and forms a
polymer coating in the surface modification according
to the present invention, there was made observation
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 surfaces of

15 acid-treated PP-PE fibers (a PP-PE fibrous absorber
treated with only acid and alcohol) of Comparative
Example 4.

Figs. 29, 30 and 31 are enlarged SEM photographs

showing surfaces of the treated PP-PE fibers
20 (hydrophilized PP-PE fibrous absorber) described above
in connection with Figs. 23A to 23F and 24A to 24F.

First, in all of the enlarged SEM photographs of
PP-PE fiber surfaces, it is impossible to observe any
clear structural change considered attributable to the

25 adhesion of an organic matter onto the fiber surfaces.

Actually, even if a magnified (2000X) photograph of the

untreated PP-PE fibers in Fig. 27 and that of the




Figs. 29, 30 and 31 are enlarged SEM phot ographs show ng surfaces of the
treated PP-PE fibers 20 (hydrophilized PP-PE fibrous absorber) descgigﬁﬂzm‘
above in connection with Figs. 23A to 23F and 24A to 24F. First, | I

of the enlarged SEM phot ographs of PP-PE $tber surfaces, it is inpossible
to observe any clear structural change considered attributable to the 25
adhesi on of an organic matter onto the fiber surfaces. Actually, even if a
magni fi ed (2000X) phot ograph of the wuntreated PP-PE fibers in Fig. 27 and
that of the -4JUN2004 - 95 hydrophilized PP-PE fibers in Fig. 31 are
conpar ed Wit hydeophbl heed RB-BEf fbbergeineFigendinarewsorearedodiitled in
SEM observation of both fiber surfaces. Thus, it is presuned thag¢%$e 5
(pol yoxyal ky| emch - pohet di net Ay fsereranebetneehethfy 8¥8phe| FEERIPRASE 1 ber s
is adhered uniformy as a thin film which is presuned tg be a, .
nDnonDIecularinf$EM1obﬁ@6VPﬁé°PiBéerEPf£&B§raﬁ8r?ﬁ§FstheEQPgreﬁﬁ 4%

nmor phol ogi cal Iy inpossible to nake distinction fromthe 10 original fiber
surfaces and RFesUR8AdFRPEr ERGe recogni zed in SEM observation. On the

i ber s (7 cat cOPRFTRFEeLBY ARG TaPRORON LaF SR ShLoE=PRd: TTheTE occur many
omet hi ng 11 KEYABARE i EoHo bR E BT bey SR e L e e that
the deteriora%ﬁ?ﬂ gglgg'aﬁich 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 (fusion-bonded portions) of fibers were broken
and something like nodes are found in the fibers. This
change indicates that the deterioration of PE-PP
molecules, especially PE molecules on the skin lavyer,
of the fiber surfaces was induced and accelerated with

20 a highly concentrated acid by solvent evaporation and
by the drying heat itself in the heat-drying process.

On the other hand, in the hydrophilization
treatment using the hydrophilizing solution of
Principle Application Example 1, such breakage of fiber

25 connections and presence of node-like portions in

fibers as observed in the PP-PE fibers treated with

acid and alcohol alone are not recognized despite the




nol ecul es, especially PE nolecules on the skin layer, of the fiber

surfaces was induced and accel erated with 20 a highly concentrated acé dUb3004
sol vent evaporation and by the drying heat itself in the heat-drying
process. On the other hand, in the hydrofhki Fi zation treatnent using the
hydrophilizing solution of Principle Application Exanple 1, such breakage
of fiber 25 connections and presence of node-like portions in fibers as
observed in the PP-PE fibers treated with acid and al cohol al one are not
recogni zed despite the - 4 JUN 2004 - 96 sane concentratiqgn of acid is
cont ai ned thesang gpaceassgition RE 518 AEaCOMFRGIITCAFIT Y her et o.

This fact indicates that the deteriorati on of PE nnleg%%%st ont{g&éiber
surfaces was 9@ppideséfepyamee Peatydraing WS PER LA e TS PrithcT pl e

Application Exanple 1. This is presu t Q be_ hecau v i event
of breakage ofapt APIPLEHTES 5ﬁaFE§%ﬁ ﬁégegapfggggn S%gg%lﬁﬁéegépg%% of acid
and formation of radicals in he mol ecul es nce and structure
capture the 107 &8fcdiOeInG F%V%ﬁﬁ WﬁﬁeswﬁﬁFE%%gﬁfiﬁﬁﬁ%%étroying PE

mol ecul eg in eries  manner_ f -A8ed v1e applicati

(pol yoxy§| kyl E‘P@)r-o g\l%(l&a%eﬁ%yﬁgﬁa%ne %aflaso Sartici pates in the capture

of radicals, and.@iEhqm Calni AU drddiRcPlecs Wel edubdl @il A €he

capturing form or the radicals forned. Thus, there is no denying such

a secondary pheporenan mukieldeds at MARRESY®n the detienictinfaoés PE/ PP
nol ecul es by radical chain.

under the action of acid and formation of radicals in
the molecules, some substance and structure capture the

10 radicals and prevent the radicals from 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 surface is formed in a capturing form

15 for the radicals formed. Thus, there is no denying
such a secondary phenomenon and effect as suppressing
the destruction of PE/PP molecules by radical chain.

Taking all of the above points into account, it is

presumed that the modification of fiber surfaces has

20 been attained by the formation of a uniform thin film
of (polyoxylakylene)-poly(dimethylsiloxane) on the
fipar surfaces. In that process there also can be
expected a cleaning effect for the fiber surfaces by
both acid and solvent contained in the solution used

25 for hydrophilization, and the action of accelerating a

physical adsorption of the polyvalkylene oxide chain is

also expected. In addition, there also may be not a




Taking all of the above points into account, it is presuned that the
nodi fi cation of fiber surfaces has 20 been attained by the formation e{ %
uniformthin film of (polyoxylakylene)-poly(dinethylsiloxane) on tné UN" 2004
fiber surfaces. In that process there ats®7can be expected a cleaning
effect for the fiber surfaces by both acid and solvent contained in the
sol ution used 25 for hydrophilization, and the action of accelerating a
physi cal adsorption of the pol yal kyl ene oxi de chain is also expected. In
addition, there also may be not a - 4 JUN 2004 - smal | possibility of a
cheni cal I|nhag@lbfp@ﬁ@lbplyEYk9ﬁeﬁeCBQWHGach&FﬁkﬁﬂFhofhe Br oken portlons
of PE nol ecul es caused by hi_ghl concentrated acid and heat %rk&e
Principle Appplﬁé}kﬁheEﬁaﬁﬁF@elc pipgwighsfB&nPER napﬁ5t§ﬁ€F'P can be
formed easily even on fiber s formed b ed Sy e shown
schenatlcalIymP%eﬁPbeSZQEPFSP E ﬁﬁgleSFﬂggeP%Ea%?ungce pggip 5&;

portion (a closed ring-1like,po t|on S eni ;%5 shape)

i s covered 10 annuFHF%Q ﬁktﬁg %EOP i ﬁﬁ?ﬁ%&?%?%h %&%ﬁk&% éogﬁfn§ can

prevent gasy sgparathon of LLhgaaur &aagoggg bledorha a1 550BJehf il erent

I n bi axi al nes is suc case as shown in Fig.

partially 52 BB b e P o engsan st ace of the
nucl ear portigphapdeiba13y fiaceigl. the Fhirnelkay@le. 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 element.
In biaxial fibers there sometimes is found such a
case as shown in Fig. 22B in which a nuclear portion
15 (core) 23b is eccentric and exposed partially to an
outer wall surface, and thus the exposed surface of the
nuclear portion and the surface of the skin layer
(sheath) 23a are mixed together. Even in such a case,
hydrophilic nature can be imparted to both the exposed
20 nuclear portion and the skin layer surface by applying
thereto the surface modifying method according to the
present invention. In case of merely applying and
drying a surfactant having a hydrophilizing function,
there partially is obtained an initial hydrophilicity,
25 but when the fibers are rubbed lightly with pure water,

the surfactant will soon dissolve out into water, with

loss of hydrophilicity.




(sheath) 23a are m xed together. Even in such a case, hydrophilic nature
can be inparted to both the exposed 20 nucl ear portion and the skinﬁuqmﬂqg‘
surface by applying thereto the surface nodifying nmethod according to thg
present invention. In case of nerely appl §8ng and drying a surfactant
havi ng a hydrophilizing function, there partially is obtained an initial
hydrophilicity, 25 but when the fibers are rubbed lightly with pure water,
the surfactant will soon dissolve out into water, with 1oss of
hydrophilicity. - 4 JUN 2004 - 98 [Principle Application_Exanples 2 and 31
The fol | owi ng desciPpinchpie ApplpceticadExpdniesn2 aRdndlle in which the
above principle of surface hydrophilization is applied.to a PP fibrous
menber. As 5 the PPhei 5pdlowAbahepSERaPEifAs 1§sBAVaPFARidsa 2504 &2 di a.

fibers formed in a_rectangul ar garallele iged, ﬁhaﬁg of cmx 2 cmx 3 om
First, there @REREPRRepBr Wi BhPPPYFnBr B61Bt-Polis SHERES ol | owi ng two

ol Ut on 15 2bYBSoEbAPGHEH-EBIGS PBRIARuisy o bp £iBroLY fliid:! s
(pOlyOXy%Ikyl%gg)bgoEX ggﬂgtg£hggko¥%g%goh%s 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]

Table 3 Composition of a hydrophilizing solution

Component Composition
(wt%)
(Polyoxyalkylene)-poly(dimethylsiloxane) 0.1
15 Sulfuric acid 0.0125
Isopropyl alcohol 99.8875
[Table 4]

Table 4 Composition of a hydrophilizing solution

20
Component Composition
(wt%)
(Polyoxyalkylene)—poly(dimethylsiloxane) D.1
Sulfuric acid 0.0125
Isopropyl alcohol 40.0
25 Pure water 59.8875

In the second composition (Principle Application

Example 3), predetermined amounts of isopropyl alcochol




Sul furic acid0.0125 |sopropyl alcohol 99.8875 [Table 41 Tabl e 4 Conposition
of a hydrophilizing solution Conponent Conposition (W %)

(Pol yoxyal kyl ene) - pol y(di met hyl si | oxane)0.1 Sul furic aci d0.0125 | sopriofiN 2004
al cohol 40. 0 Pure wat er59.8875 In the seeofA@ eonposition (Principle
Application Exanple 3), predeterm ned anounts of isopropyl alcohol - 99

-4 JUN 2004 and pure water are added in this order to afford the
conposition just tabul ated above. Sulfuric acid and

( pol yoxyal kyl ene) - pol y(di et hyl si | oxane) contained in the conposition are
diluted to 4X%ané puracwateganasewptredhd hddgpRrEes A§ eﬁé@&&'ur‘fg‘efor PP- PE
fibrous absorbers described above in_ connection with Figs. 23A to 23F and
24A to 24F t hepEPOogétaoBhiHFieFaRupp ety AEQY Srentse FUBAh & eaqﬁgplication
Exanple 2) treated with the sglutio

qf the . 1Q.first .co AN (Tabl e 2)
cont ai ni ng i sbPPOPPEY2IKEIRGE ago&Y%%ﬁ??§8ﬁ3§ﬁ%°§ﬁ863 ﬁggﬁﬁﬁpgﬁgaﬁﬁnber
(Principle Application Exanple 3) t.reat 1ty the solution of the second
conposi tion ugPﬁgCQmHP§é310 0F5§%91&P&ﬁg€é¥§§%3 i sopropyl al cohol . 15

(Referenge ExanpleI%)accordance with the hydrophilizing procedure

for PP-PE fibrous absorbers described above in
connection with Figs. 23A to 23F and 24A to 24F there
were obtained a PP fibrous member (Principle
Application Example 2) treated with the solution of the
10 first composition (Tgble 2) containing isopropyl
alcohol as a main solvent and a PP fibrous member
(Principle Application Example 3) treated with the
solution of the second composition using a mixed
solvent of water and isopropyl alcohol.
15 (Reference Example 2)
An untreated PP fibrous member was used as
Reference Example 2.
As in Principle Application Example 1 the surface
of the untreated PP fibrous menber of Reference Example
20 2 is water-repellent, but was modified to a hydrophilic
surface like the PP fibrous members of Principle
Application Examples 2 and 3. For checking the degree
of its hydrophilicity, 7g of a water-based ink (y = 46
dyn/cm) was charged into a schale and the PP fibrous
25 members of Principle Application Examples 2 and 3, as

well as the untreated PP fibrous member of Reference

Example 2, were put slowly onto the surface of the ink.




An untreated PP fibrous nenber was used as Reference Exanple 2. As in
Principle Application Exanple 1 the surface of the untreated PP fi brous
menber of Reference Exanple 20 2 is water-repellent, but was nodi fi~cdJihbI084
hydrophilic surface like the PP fibrous nemwbers of Principle Application
Exanpl es 2 and 3. For checking the degree of its hydrophilicity, 7g of a
wat er-based ink (y = 46 dyn/cn) was charged into a schale and the PP
fibrous 25 nmenbers of Principle Application Exanples 2 and 3, as well as
the untreated PP fibrous menber of Reference Exanple 2, were put slowy
onto the surface ofst keresklt, £hegUnnesatedFF fAbrpusesm@mbern ief unt r eat ed
PP fibrous nenber of Reference Exanple 2 floated on the ink, while the PP
fi brous menbeRefefrePcienExpmplap@l ifd@ated Prafbeed ik ampile sk dF up t he
ink fromtheir bottons. However, a 5 conparison between the PP fibrous

nmenbers of PrEAbIrPNS mEBBETSaCifo FIENGHPLEs APPddFat i fe @™ P RS 14 mad
difference in the amount of ink sucked up. The forner _sucked up and
absorbed al | 8f SURESChD 1O (RE SO ENSIFhPOE TS0 HIRF SR erS about
Ao B TR ek, 1 3l Bl B S e
coat1n9s 21t haugh Listed SRS AN LA XuRed diisigyce bet ueen both
(p0|yoxya|kyl%i%%%ﬁﬁ9k¥§q&ﬁﬁ&ﬁY%ﬁddﬂ%“H@ itk Yucked 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 (polyoxyalkylene)-poly(dimethylsiloxane) as a
coating polymer on their surfaces.

For example, in the PP fibrous member of Principle
Application Example 2, the surface coating polymer is
substantially oriented, but is adhered to fiber

20 surfaces in a partially orientation-disordered state.
On the other hand, such an orientation disorder is
diminished to a great extent in the PP fibrous member
of Principle Application Example 3.

In the hydrophilization treatment using

25 (polyoxyalkylene)-poly(dimethylsiloxane)} it is presumed

that a close and more uniformly oriented coating is

attained by using water in addition to isopropyl



coating polyner on their surfaces. For exanple, in the PP fibrous nenber of
Principle Application Exanple 2, the surface coating polyner is -4 JPN 2004
substantially oriented, but is adhered to fiber 20 surfaces in a partially
orientation-di sordered state. On the otheplhand, such an orientation
disorder is dimnished to a great extent in the PP fibrous nenber of
Principle Application Exanple 3. In the hydrophilization treatnent using 25
(pol yoxyal kyl ene) - pol y(di net hyl sil oxane) it is presumed that a close and
nore uniformy oriented coating is attained by using water in addition to
i sopropyl -4 allNoB6Q4as- sblvendl.cofid iss desiivabile Ifori $hgedimedidng or t he
treating solution to contain at |east 20% or so of isopropyl alcohol to
neet the requipdmtipnoftougiondedns @tf deasts 0% g, SBurtelEPAGPRYHe case of
an isopropyl alcohol 5 content |ower than 40%in the above Principle

Appl i cati on Erdsphel3to meed fdhesmgairgmesitmed yOIFREm SEfAES%y. That s,

in the course of solvent evaporation and drying, ,isopropyl alcqhal

vol atil i zes nEeETiRg-dbpt g¥en 4n dde SRpse &% ﬁ’g' é‘&?ﬁpé'rchp%'f qqsc@g}of)ﬁpyl

al cohol 10 decreases nore. %%ki ng ,hi.s B%ll nt intopg_grlllsciide_l_reation, it is
pr esuned>t hat CPRECEFALiONG e M WBe 2% &t dh%e P VR TN St opyl  al cohol

content 1 over A LRSS ANNY tofloatut ety RGNl

Although typi%@atﬁ%@ﬂdiqgﬁh§igi HH?1§E?§§H&se 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,
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%.

15 Although typical embodiments of the present
invention have been described above, the invention is
also applicable to, for example, such valve member 261,
urging member 263 and valve 1lid 262 as shown in Fig.
12.

20 It goes without saying that the above modifying
method, modified surfaces and technical idea on
elements according to the present invention are also
applicable to other porous elements than fibers as
negative pressure generating members.

25 When the negative pressure generating member which
has been hydrophilized uniformly by any of the above

methods (other embodiments) sucks up ink (ink) again




I nventi on have been descri bed above, the invention is also applicable to,
for exanple, such val ve nenber 261, wurging nenber 263 and valve |id §ﬁ$ as
shown in Fig. 12. 20 It goes without saying that the above nDdifyFﬁb 2004
met hod, nodified surfaces and technical-ibea en elenments according to the
present invention are also applicable to other porous elenents than fibers
as negative pressure generating nenbers. 25 When the negative pressure
generating nmenber which has been hydrophilized uniformy by any of the
above nethods (other enbodi ments) sucks up ink (ink) again - 4 JUN 2004 -
102 after thefiek thee ialksensed absoabede indgattihee neg@tda i ng menber has
been extracted, as referred to in the previous description, the amunt of

i nk hel d by ttenemagingy aepbesshes Herey SFRShersafedenird repehfed 5

i nk suction is alnobst the sanme as before, in other mq&&g, %ftggurn to the
initial negatithe preyioue EeFBdPtdecttdf FMOURdH & | gie Bnblft of

I nk extracted or the nunber of tinmes af suction repetition._ On é?e ot her
e

hand, in the BREBELYENPISSSHTC: FeORE2HARY MFPE T StE iRy Aparets
di d_ | it.h t 1 h ti . ti nb
spose STl y 4 U, LSSRRRELID e VS BEUTS, sangrp! |10 Tenber

containiﬁg ch& Cal qui _ ‘negative pressure
Cenear g ToERGE S BAEh UL e R ALY ol b
effected, irrespective of the amount of ink extracted
or the number of times of suction repetition.
On the other hand, 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 generatihg member containing chamber
at the time of replacing the liquid containing chamber

15 varies, depending on the case where liquid is held up
to near the joint pipe which is a connection to thé ink
outlet port, the case where even liquid present near
the ink feed port is consumed, and the case where there
is no ink capable of being consumed (fed). In

20 accordance with any of the above methods (other
embodiments) aGCOrding to the present invention, by
applying the hydrophilization treatment to the negative
pressure generating method in the negative pressure
generating member containing chamber, the negative

25 pressure in the ink feed port portion of the negative

pressure generating member containing chamber after

replacement of the liquid containing chamber can be




to near the joint pipe which is a connection to the ink outlet port, the
case where even liquid present near the ink feed port is consuned, adeUN"R[M
case where there is no ink capable of being consunmed (fed). In 20
accordance with any of the above nmethods [@Bher enbodi ments) according to
t he present invention, by applying the hydrophilization treatnment to the
negative pressure generating nethod in the negative pressure generating
menber contai ning chanber, the negative 25 pressure in the ink feed port
portion of the negative pressure generating nenber containing chanber
after repl acedwaysofresiteredydicd identaiitiied dewvede( negptieve DFreRINIED04 -
103 always restored to its initial |evel (negative pressure and anount)

i rrespective @&hdt keonmted raeapesddver ofr &fiea SR &fd %ies &f dual anount
of liquid in the_ negative pressure generating nmember contaLniﬁglchanber 5

before repl acERPABCEMRAT AE Fhe i8S @ saUattod 1B id 3% o t he

present invention is considered, if Ingéd remai ns _near .t he |g%gé{@
portion in t h8e9Rdd¥E PEFIEE, IENGE R H&nﬁ’&ﬁ)&o &Y EY SR EHeNt

o o A S L B M St

pipe is for e I'zation-treatnment to cover

the area 1o he Jiauid; SURPLETENN O/LAR AN J @S dail 0-3 €onsurted

portion even i € negative pressure generating nenber is

not hydrophi I jzegiid) Adifink® dBINYhARSTH B4 MG on 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 hydrophilization treatment to cover the area
from the ligquid-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 present invention, as set forth
above, since a partial surface of a portion through
which a recording liquid used in a recording liquid
feed device passes directly or of a structure necessary

20 for the feed of the recording liquid is rendered
hydrophilic, there can be provided a recording liquid
feed device capable of feeding the recording liquid
stably and efficiently.

More specifically, by hydrophilizing an inner

25 surface of a feed tube which is for conducting the

recording ligquid from the recording liquid container to

the liquid ejection head, it is possible to prevent air




According to the present invention, as set forth above, since a partial
surface of a portion through which a recording liquid used in a recg
o ke

liquid feed device passes directly or of a structure necessary 20 f
feed of the recording liquid is rendered 1dwdsrophilic, there can be
provided a recording liquid feed device capable of feeding the recording
liquid stably and efficiently. More specifically, by hydrophilizing an
inner 25 surface of a feed tube which is for conducting the recording
liquid fromthe recording liquid container to the liquid ejection head, it
i s possible tfronezphérang théd Febd200be- ahd4 fofmdngent bubhd et Whifaded t ube
and form ng a bubble which would stay and obstruct the flow of the
recording |iwgoutidastapeand pbstrvct tbechawcoft kber se6CHAEGI | i qui d
snmoothly fromthe recording liquid container to 5 the ink jet head.
Mor eover, by bgdéfngndt henteegosgbblecbnt FROFEF . Ehep&erOEdiEi%d easily
with use of recovery neans such as suction or the applicatiaqon of pressure.
By the hydrophifainidi sBROEPAR: FERT AREOFEFRGLHI: HdIUFe SORTF NNt DN, a
hydr ophi | i zed surface usin 10 _nol ecul ar . | evel of. a t%’n prgr filmcan
be formed on tPﬁelPEeéeFuBgaanne”°§ﬁPV§Ee Bt KO FPARg ¢ bﬁb%% T YRS de
dianeter. In the case where filter is.dis d_j.n.t rqu;qg 4'quid
feed port of FﬂBtFEBbFEiﬁanlgaufﬁcofgrggn g%%é?,w%$hle%€hﬂ i i g thé}filter
surface it means such as suction or the application of pressure.
By the hydrophilization treatment according to the
present invention, a hydrophilized surface using a
10 molecular level of a thin polymer film can be formed on
the feed tube inner surface with little change 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 to reduce a pressure loss caused by
the filter and conduct and feed the recording liquid
efficiently to the feed port.
Structural members such as tube, pipe and filter
20 having been lyophilized according to the present
invention can exhibit a lyophilic nature and air
permeation and elution preventing effect within the
liquid feed path.
Moreover, in a recording liquid container having

25 an absorber containing chamber with an absorber

inserted therein and also having a liquid storage

chamber with a recording liquid stored therein




beconmes possible to reduce a pressure |oss caused by the filter and
conduct and feed the recording liquid efficiently to the feed port.

Structural nmenbers such as tube, pipe and filter 20 having been = 4 JUN 2004
| yophi lized according to the present invgyion can exhibit a |lyophilic
nature and air perneation and elution preventing effect wwthin the 1liquid

feed path. Mireover, in a recording liquid container having 25 an absorber
cont ai ni ng chanber with an absorber inserted therein and also having a
liquid storage chanber with a recording liquid stored therein - 4 JUN 2004
- 105 directayrebylyyyophi Liyvophglazdant actostatacsumitblet e thabder ber of

t he absorber containing chanber on the side where a comunicating portion
of the absor babsogbarabifii shechhsbebew thnthéninguchapberage thentsdde s 5
connected, it is possible to further stabilize gas-liquid exchange and
feed |iquid i wharet abcommumipasing| porkéopasé wher abspEberqui d st orage
chanber and the absorber containing chanber are connected together

t hrough a rel abhvelipingnghpebsr Hﬁﬁg,tb? 1dapdAdetrrgIgn ShRARETs 4 ace of
the joint pipe lyophilic, it becones possible to conduct the Iiquid stored
in the Biqui §oBReragd. chinBsr PPESLReS) dPnEUBTEHETpSLF &ﬁr"‘éﬁd feed it

efficiently into the absorber contai.nin hanber .. In addition, according
to the |yophi PRSrhgIEsInEERBANGR £RE EngeﬁfqPﬁgeﬁPignS%F?aer

I'S possible to
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 ilyophilic,
it becomes possible to conduct the liquid stored in the
liquid storage chamber to the joint pipe portion and
feed it efficiently into the absorber containing
chamber. In addition, according to the lyophilizing

15 method of the present invention, it is possible to
apply the lyophilization treatment to at least a part
of the negative pressure generating member, whereby it
is possible to improve the liquid absorbability of the
negative pressure generating member, diminish the flow

20 resistance of liquid within the negative pressure
generating member and feed liquid efficiently.

according to the present invention, the

wettability of liquid for the liquid feed path as a
portion where liquid itself passes directly for liquid

25 feed or as a structure necessary for liquid feed is
improved and it becomes difficult for a bubble to

adhere to the liquid feed path, and even if it is left




apply the lyophilization treatnent to at |east a part of the negative
pressure generating nenber, whereby it is possible to inprove the Fi4quiNhog
absorbability of the negative pressure generating nenber, dimnish the
flow 20 resistance of liquid within the n@gative pressure generating
menber and feed liquid efficiently. According to the present invention,
the wettability of liquid for the liquid feed path as a portion where
liquid itself passes directly for liquid 25 feed or as a structure
necessary for liquid feed is inproved and it beconmes difficult for a
bubbl e to adhtaadingt lferl aqlibdgfl pedipsdt hthenbubbde i idififddudft tap JUN
2004 - 106 standing for a long period, the bubble is difficult to grow
Thus, the adhgsbwen altiust aghef adhegione and stay Pde@ pahigr &5 U8R essed
and the deterioration of liquid feedability is difficult to occur. 5
Further, by afgedi RgthhareysypPressedoands &aendpiterdieratian idf on wall on
the absorber containing chanber side of a Ii%uid cont ai ner having the
partition wal Liquid feedabdility is Fidddmilin *QcOCG¥ T tral formation of an
air path_between the wall sgrface and the ahsorber, .and .10 the introduction

of gas c@n be perfEMFERCEl oRY APPIEE: EEPPIdiEa TSN HAE Pt
Porove t he' 6P SoPPEES E3PT MR SFodde PEEOrRefifondidd ditaRbeL © 10
side of a liquid container having the partition wall,
it is possible to prevent an accidental formation of an
air path between the wall surface and the absorber and
10 the introduction of gas can be performed along a
predetermined route, so that the gas-liquid exchanging

operation can be stabilized and it is possible to

improve the reliability of liguid feed.




- 107 WHAT IS CLAIMED IS: 1. Arecording liquid feed path formed in a
tubul ar shape as a portion through which a recording liquid itself passes
directly or as a structure 5 necessary for the feed of the recordlng“4JUN2W£
liquid, the recording liquid being fed tiMaAnink jet head which ejects
the recording liquid to effect recording, wherein a polyner is applied to
an inner surface of the recording liquid feed path, the polyner having a
10 first noiety containing a |yophilic group for making the inner surface
of the recording liquid feed path hydrophilic and a second noi ety

contai ning a YHBUPIShGUARYEBNIBAterfacial energy different from an
interfacial energy of the Iyophilic group and alnpst 15 equal to a surface
energy of said surtaced Fﬁ§0§€éaﬁdllﬁﬁiétﬁeﬁélB@tﬁrﬁﬁﬁﬂéﬁ idwdrd said
surface which direction is different froman orienting direction of the
first nDiety.thuéarTﬁBaPGCBPdPnQOFFQBPdtP€QHgBaﬁﬁlﬁEcgrHPHBrP&q& aim1,
wherein the inner surface of the recordi g i quid f ath is constituted
by an ol efin t&9p#d éﬁﬁelfhﬁaﬁﬁﬁﬁnéfr?gtg p8Fyng?I§|F3§§H5 containing a

o oPh bl <, 058iBrediy e HEB HERACe lCsEBYoRtRl SaypumRpano @ v
recording liquid being fed to an ink jet head which
ejects the recording liquid to effect recording,

wherein a polymer is applied to an inner surface

of the recording liquid feed path, the polymer having a

10 first moiety containing a lyophilic group for making
the inner surface of the recording liquid feed path
hydrophilic and a second moiety containing a group
having an interfacial energy different from an
interfacial energy of the lyophilic group and almost

15 equal to a surface energy of said surface, the second
moiety being oriented toward said surface which
direction is different from an orienting direction of

the first moiety.

20 2. The recording liquid feed path according to
claim 1, wherein the inner surface of the recording
liquid feed path is constituted by an olefin resin, and
the polymer is a polyalkylsiloxane containing a
hydrophilic group.

25

3. A recording liquid feed system comprising a

first container, the first container containing an




absorber which holds a recording liquid to be fed to an ink jet head
tenporarily with a capillary force, a second container which hol ds & jUN 2004
recording liquid to be fed to the first container, and a tubul ar recording
5 1liquid feed path for conmunication betvie®h +he first and second

contai ners, wherein the absorber is a fibrous nenber 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
fi brous nenber and the inner surface of the recording liquid feed path are
each appl i edabsdhbarpehyobr haldseasrepardiabl yiquhid pol peefedhdd @ a
first noiety containing a | yophilic group for 15 |Iyophilization and a
second nDietyiubnﬁatnhﬁgdatgmagparhéviH@ténaiﬁﬁ@ﬁﬂiérilf@ﬁ@ﬁgyadifferent
froman interfacial energy of the | oghilic group .and _al nost eggfl to a
surface energgeepndaransaingseyhicheheddsngd rREPE}Ngeildguds &7t &F t owar d

said surfaces, and the 20 first noiety beigg orieg@;d in a direction

different fr8adshPdthar £4E8S CRNTRADCK) @PY PedlPyETeFPEOEE dI%g to cl ai m
3, wherein the

e pol.ynmer applied to the fibrous er i.s 25. .
ponaIkyﬁsiIokéﬂglgoﬁFﬁpngﬁﬁhagﬁ§dF8BWVP%8ag%8Bg%ggyeﬁnrg%gr%ﬁﬁfﬁiquid
cont ai ner having a fihheth %1%8@ 7004 - 109 disposed in a feed port
portion for f 88 iﬁﬁcg recorglng Frquid to an ink jet head,

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
surface of the recording liquid feed path are each
applied with a polymer at least partially, the polymer
having a first moiety containing a lyophilic group for
15 lyophilization and a second moiety containing a group
having an interfacial energy different from an
interfacial energy of the lyophilic group and almost
equal to a surface energy of said surfaces, the second
moiety being oriented toward said surfaces, and the
20 first moiety being oriented in a direction different

from said surfaces.

4., The liquid feed system according to claim 3,
wherein the polymer applied to the fibrous member is a

25 polyalkylsiloxane containing a hydrophilic group.

5. A recording ligquid container having a filter




wherein a polyner is applied to a surface of the filter, the polyner
having a first noiety containing a 5 lyophilic group for hydrophiliiinﬂ
the filter surface and a second noiety containing a group having an JUN 2004
interfacial energy different froman intek@%cial energy of the Iyophilic
group and al nost equal to a surface energy of said surface, the second

noi ety being 10 oriented toward said surface which direction is different
froman orienting direction of the first noiety. 6. Arecording |iquid
contai ner conprising an 15 absorber containing chanber and a |iquid

st orage chamb@ispeaedabBorb&reloRPANPRYTERBNBRE E6RAANEI Ry TRFOL: ber
and being provided with an atnosphere comunication port and a liquid feed
port, the absbigBid tanehi dAkndetoPREAd 1iquid by utilizing a capillary 20

force, and the liqujd storage chanber. co ni catin i th the b
cont ai ni ng chanbla?wf‘ﬁ?%ﬁﬁhagpoggﬂ’ﬁ'ﬁn?c?a?g]ﬁgllﬁgr Et:oo% 5\#5 t%é:ﬁ rﬂfﬁgz%ger o
substanti al | .seal ed ace th ' ' ' i '
housi ng of t%gliﬁgﬁrbgﬁgcgﬁggﬁ%%ﬁéafgﬁgﬁé éggﬁgk*ﬁ%ﬁ ?%%%E 5¥Q§{§tpfgce

of cont agt thfreoﬁil%EtQrﬁuﬁuﬁgig8%%?0%%6h§%§53iQh@h%iﬁf@fﬂé@fﬂgcér“a

conmuni cat i ng HSP I on. recording |iquid container

contai ni ng agﬁarQegeéeﬁdpfn%\ilecé%dcwnttaiﬂ&n@ EDHRRIE HaTHYNIaeAt i on  port
and a liquid feed port, the absorber functioning
interfacial energy different from an interfacial energy
of the lyophilic group and almost equal to a surface
energy of said surface, the second moiety being
10 oriented toward said surface which direction is

different from an orienting direction of the first

moiety.

6. A recording liquid container comprising an
15 absorber containing chamber and a liquid storage
chamber, the absorber containing chamber containing an
absorber and being provided with an atmosphere
communication port and a liquid feed port, the absorber
functioning to hold ligquid by utilizing a capillary
20 force, and the ligquid storage chamber communicating
with the absorber containing chamber through a
communicating portion and defining a substantially
sealed space except the communicating portion,
wherein a housing of the absorber containing
25 chamber is lyophilized at a surface of contact thereof

with the absorber at least in the vicinity of the

communicating portion.




to hold a recording liquid by utilizing a capillary 5 force, and further
provided with a joint pipe for introducing the recording |iquid iatp\,ﬂﬁ;gm
absorber, wherein an inner surface of the joint pipe is |yophilized:

8. The liquid container according to claim@,- wherein at |east a | ower

I nner surface portion of the joint pipe is rendered |yophilic. 9. Aliquid
repl eni shi ng contai ner configured to 15 be renovable fromthe joint pipe
in the liquid container according to claim7 or claim@8 and capable of
feeding liquid substantially into a seal ed space through the joint pipe,
the Iiquid repleni§hing cedcxidiery Haguigl o2 adoerectormpipdmtdg on f or
connection with the joint pipe, and wherein a contact portion wth the

li qui d of theabsombest iamg parcviigied svirtdn der edmosgiiedar geaEmuaitcaion The
recording liquid container according to 25 claim7 or claim@8, wherein the
absorber is copsti eade@ By aild Hends negifberthep @ sstiera HHAGIANHI t he
fibrous nmenber opposed to the feed port and the vicinity - 4 JUN 1004 -
111 thereof #Pehpdfdér &&aoFsHmY ildawid dysutddizing @ CEPIIMEY ecor di ng

l'iquid container according t claim.10, wherein the fibrous. nmenber has a
fibrous 8 portfPSI"'f":*‘exF’é‘r“?difg’gt mAAY L8t S & JSHMIIRERS diP port side to

the feed port ;g1 de 30d g ¢ Y& a P Al duiG AHdd e absorver,
wherein an inner surface of the joint pipe is

lyophilized.

10 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 in the liquid
container according to claim 7 or claim 8 and capable
of feeding liquid substantially into a sealed space
through the joint pipe,
the liquid replenishing container having a
20 connecting portion for connection with the joint pipe,
and wherein a contact portion with the liquid of the

connecting portion is rendered liquid-repellent.

10. The recording liquid container according to
25 claim 7 or claim 8, wherein the absorber is constituted
by a fibrous member, and both a portion of the fibrous

member opposed to the feed port and the vicinity




12. The recording liquid container according to 10 claim 10, wherein the
absorber conprises a first fibrous nenber disposed on the atnosphere
comuni cation port side.and a second fibrous nmenber di sposed on t A JUN2904
port side, and the fibrous portion renderetl +yophilic partially
corresponds to the whole of the 15 second fibrous nenber. 13. The recording
| i quid container according to claim112, wherein the second fibrous nenber
is subjected to a partial lyophilization treatnment for the 20 entire

fi brous nenber including the first and second fibrous nenbers and is
whol | y render etielrgofhialriec rehflertide Lyveoedridiley at d@iag tc actiiddrlyaccording to
claim6, wherein a polyner is applied to the 25 |yophilized surface, the
pol ymer having a first noiety containing a |yophilic group for

| yophi l'i zing the surface and a second noiety containing a group having - 4
JUN 2004 - 112 anlilnteﬂf@cirﬁc%ﬁé%%%%&ﬂ“%raﬁq%@?’éiiw ener gy

of the lyophilic group and al nost equal to a urface energy of the
surface, the §38aRd1Rpi TS Fhs %éhréjd‘st H\ﬁg&’ rs%'af % trsl%c&tsé and t he
first noiety being oriented.in directiqgn different from said surface.
15. A recordi H&rltg-&é?i fi’xftgggh&l&/%fé’mf cﬁ?‘ef éagcéf‘lor?é) nere SO d‘}nnlgcafalflq%l?d to an
i nk jet head which ejects the recordi | quid .for |on to a
recor di ng madPE?r"ﬁ%t &8 fté)ctthree(]:fgereéfr‘n%,]':d'J Wad Uil I e ADEUS

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 container according to
claim 12, wherein the second fibrous member is
subjected to a partial lyophilization treatment for the

20 entire fibrous member including the first and second

fibrous members and is wholly rendered lyophilic.

14. The recording liguid container according to
claim 6, wherein a polymer 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 containing a group having




wherein a polyner is applied to a partial surface of a path potion through
which the recording liquid passes directly and is applied also to a
partial 15 surface of a negative pressure generating nenber which fééggzmu
the recording liquid while generating a nepgat+ve pressure, the polyner
having a first noiety containing a lyophilic group for making said
surfaces lyophilic and a second noiety containing a group having an 20
interfacial energy different froman interfacial energy of the lyophilic
group and al nost equal to a surface energy of said surfaces, the second
nmoi ety bei ng aar ienkedatdadr ensaigy suifffacent fmomt ba finter fiagialy bei ng
oriented in a different direction. 25 16. The recording liquid feed device
accordi ng to eokagm 05, thieedyiophsdiig QHPN@C@@daﬁém@§@he@@ﬁgtﬁFUﬁbd by -4
JUN 2004 - 113 an olefin resin, and the polyner is a polyal kyl sil oxane
cont ai ni ng a Bydfepei energvo@F. the sPREaCE€eording |iquid feed device
according to 5 claim15 or claim 16, wherein said surfaces i.nclude an

i nner surface of athepFesCde &Gty DERG PTEERFSFaiPWaEE £336t ti on t hrough

which the recording liquid passes directly.sqQq as tq be fed or. as a
structur@ nec&Y&% e'ngdt & ded ﬂﬂﬁ?tﬁggﬁ?EﬁnSﬁﬂ%ﬁ%egpéﬁh2%1so i ncl ude

Cerpor ar i |y WAt 2R AR e d TRl S GReBonst |t ut ed by the 11 bers.
15. A recording liguid 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 surface
of a path potion through which the recording liquid
passes directly and is applied also to a partial
15 surface of a negative pressure generating member which
feeds the recording liquid while generating a negative
pressure, the polymer having a first moiety containing
a lyophilic group for making said surfaces lyvophilic
and a second moiety containing a group having an
20 interfacial energy different from an interfacial energy
of the lyophilic group and almost equal to a surface
energy of said surfaces, the second moiety being
oriented toward said surfaces, and the first moiety
being oriented in a different direction.
25

16. The recording liquid feed device according to

claim 15, wherein said surfaces are each constituted by




18. The recording liquid feed device according to 15 claim 15, wherein a
polynmer is applied to a partial surface different fromsaid |yophilized
partial surface of the portion through which the recording |iquid ‘ﬁawyéﬂm
directly or said |lyophilized partial surfldc® of the structure necessary
for the feed of the recording 20 liquid, the polymer having a first noiety
containing a liquid-repellent group for making said different partial
surface liquid-repellent and a second noiety containing a group having an
interfacial energy different froman interfacial energy of the 25

li qui d-r epel | antoyetip meginl, mosd EheaPOLEMETsdF AcBOLE¥AKYY Sdlosgne
different partial surface, the second nviety being oriented toward said

di fferent parctatainiogpeobydrephilidgr 9EO¥Pwhi ch orienting direction is
different froman orienting direction of the first noiety. 19. A recording
liquid feed device conprising the 5 recording liquid feed path descri bed
in any of claiml1l to 3. 20. A rﬁcordin% Liq#id fggd.%eviceog.lj{igkpg t he
recording |iquid cbhtai hBP G8SOFABRY fASMES AeE% §871CT0 25FCTA S f'4ie

nmodi fyi ng met hod, for .l yopht Li.zi a rtial rf a ; h riion

t hr ough g/nichc alWeigréFnSiﬁﬁgu?g’pgggggagi?gét ?ﬁggaggfeé%?g%ﬁgpf%auid
feed device fo

. 1£n%§egL%%aEEeo%ego%qbﬁgakiQ%EQrﬁﬁn@ 13quliauisthed gfddion head
or a partlal surtace I C
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 surfaces of fibers of an absorber which holds the

recording liquid temporarily with a capillary force and

which is constituted by the fibers.

18. The recording liquid feed device according to

15 claim 15, wherein a polymer is applied to a partial
surface different from said lyophilized partial surface
of the portion through which the recording liquid
passes directly or said lyophilized partial surface of
the structure necessary for the feed of the recording

20 liquid, the polymer having a first moiety containing a
liguid-repellent group for making said different
partial surface liquid-repellent and a second moiety
containing a group having an interfacial energy
different from an interfacial energy of the

25 liguid-repellent group and almost equal to a surface
energy of said different partial surface, the second

moiety being oriented toward said different partial



constitutes a part of a filter necessary for feeding the recording liquid,

with a functional group for the |yophilization being inparted to thq‘wsz4
partial surface to render the partial surface |yophilic, the nethod 2
conprising: a first step of applying |iguiith containing fragnented products
to the partial surface, the fragnented products having a first noiety
containing a functional group and a second noiety containing a group 25
having an interfacial energy different froman interfacial energy of the
functional group and al nost equal to a surface energy of the partial
surface, the 4,3e¥Ac20QRichldriechraggedl edcpioduissdbéfagenbt &rasdasy

cl eavage of a functional group inparting polynmer having the first and
second noi et i ggjeatsagoddrateponf ofr tbat Emgstheosetynd noiety of 5 the
fragnented products to the partial surface side and orienting the first
noiety to a side different fromthe partial surface side; and a third step
of condensing and thereby polynerizing at |east partially the fragnented
products 10 orienf8d oA Fﬁ@oﬁdﬁpgaﬂ1§HF¢a€§?d2§9VAF§uFPQ§§lﬁb&?f g

met hod for liquid-repelizing a partial surface of a _path rikon  through
whi ch a ﬁecoruﬁﬁgrﬂﬁQGiélﬁﬁg§e§e&§r8@pr ?ﬁcﬁlfgdré80P8¥n§9|%%§ﬁ feed
device for feeding the recording liquid to an ink jet head or a parti al
surface whichte 3

20. A recording liquid feed device comprising the

recording liquid container described in claim 4 to 7.
10

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

15 liquid ejection head or a partial surface which
constitutes a part of a filter necessary for feeding
the recording ligquid, with a functional group for the
lyophilization being imparted to the partial surface to
render the partial surface lyophilic, the method

20 comprising:

a first step of applying liquid containing
fragmented products to the partial surface, the
fragmented products having a first moiety containing a
functional group and a second moiety containing a group

25 having an interfacial energy different from an

interfacial energy of the functional group and almost

equal to a surface energy of the partial surface, the




constitutes a part of a filter necessary for feeding the recording liquid,
with a functional group for |I|iquid-repelization being inparted to the
partial 20 surface, said partial surface being different froma SUTidbnﬂMp
be rendered |yophilic, the nmethod conprisisng:s a first step of applying
liquid containing fragnented products to the partial surface, the 25
fragnmented products having a first noiety containing the functional group
and a second noiety containing a group having an interfacial energy
different froman - 4 JUN 1004 - 116 interfacial energy of the functional
group and al nesagmentiall poodustisf heéngnebgaioedt hy paesvages@if &ce, the
fragment ed products being obtai ned by cleavage of a functional grou

i nparting pol fuectBohali ggoubeimppstingdrodyBag ﬁﬁFéPHe§Peaf§é@6hé“§fep of
orienting the second noiety of the fragnmented products to the parti al
surface side aadondrmehetagsthe first noiety to a side different fromthe

partial surface side; and 10 a third step . of condensi ng and thereby
pol yneri zi ng at | e@sFegapdi SPP PﬁeOFFSQEéHPe& rﬁﬁﬁgpg m8ﬁ@§ﬁi§§pon t he

bar il Sur  abbeof tAINSPHeAOPEPH LT GG hPER 4 She Ut aRG 1100 2 Khoses
Y 2pkReRETGY el f ! FBTelgk6C ol QbR AANR LA Uil
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
liquid-repelizing a partial surface of a path portion
through which a recording liquid passes directly in a

15 recording liquid feed device for feeding the recording
liguid to an ink jet head or a partial surface which
constitutes a part of a filter necessary for feeding
the recording liquid, with a functional group for
liquid-repelization being imparted to the partial

20 surface, said partial surface being different from a
surface to be rendered lyophilic, the method
comprising:

a first step of applying liquid containing
fragmented products to the partial surface, the

25 fragmented products having a first moiety containing

the functional group and a second moiety containing a

group having an interfacial energy different from an




jet head or a partial surface which constitutes a part of a filter
necessary for feeding the recording liquid, 20 the nethod conprising: a
first step of applying a solution to the partial surface in which §gl-luﬂ|m
are dissolved a dilute acid, an affinitylléaprover for inproving volatility
and affinity for an elenent surface, and a treating agent 25 containing a
pol ynmer, the polynmer having a second noiety and a first noiety, the second
noi ety containing a group having an interfacial energy al nost equal to a -
117 - 4 JUN 2004 surface energy of the surface, and the first noiety
cont ai ni ng a gmuey famidialg envergy arf ddieal funadrigpaldigfate ng raese
interfacial energy of said group in the second noiety; 5 a second step of
i mparti ng heatequal He surfurfaae enanay ©f Heafanhidl isHrARe, Behird
step of concentrating the diJute acid and allow ng the ‘Pol%rga)gc cont ai ned

f

in the treati fFaggantad pIuGten Ralng RPtained iy tHea'@y dhdensi ng
t he cl eaved pol ynmer, on the surface, orient iyﬁn@ t he second noiety of the
pol ymer  t onarfdinGid Q@Y FROUR APRAT YT RPIET i rst noiety to a side
different. fromthe suyrface. 15 24. A nethod .fqr. producing a tubul ar
recording |i (Hl?iv&”fgeéa’epaftelﬁs;ts ae{mpaﬁehcoﬁ’oér]tn}oc}r?qctlhérasdugh which a recording
liquid passes directly or,8S. @ StyP Mty €ie JesshPimd ey ager di ng
|l iquid, the recordi ngel qul &

the fragmented products to the partial surface side and

orienting the first moiety to a side different from the

partial surface side; and

10 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 of a path portion through which a
recording liquid passes directly in a recording liquid
feed device for feeding the recording liquid to an ink
jet head or a partial surface which constitutes a part
of a filter necessary for feeding the recording liquid,
20 the method comprising:

a first step of applying a solution to the partial
surface in which solution are dissoclved a dilute acid,
an affinity improver for improving volatility and
affinity for an element 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 interfacial energy almost equal to a




being fed to an ink jet head which ejects the recording 20 liquid to effect
recording, the recording liquid feed path having a |Iyophilized surface
with an olefin resin present at |east thereon, the method conpri st AgUNE
steps of: applying a treating solution toltfe-surface, the 25 treating
solution containing a pol yal kyl sil oxane having a hydrophilic group, an
acid, and an al cohol; and heat-drying the treating solution applied to the
- 118 - 4 JON 2004 surface at a tenperature higher than roomtenperature
and lower than the nelting point of the olefin resin. 25. A surface

nodi fyi ng net bod fhoe lepemgyhidfi Aihey surfade.dranshdbie BiEsadaeHtSa tubul ar
recording liquid feed path as a path portion through which a recording

| i qui d passescdint@dniipgoR @roups thaysing ar antteﬁ-'gé\‘%‘é)‘ Greqd¥e recording
liquid, the recording liquid being fed to an ink jet_ head which ejects the
recording |iqdiif feFend &maseithee gL FCite Shatsd Yomtidi %O‘fﬁ’lel’%t ep of
orienting fra nted products containing a hydrophilic group and a

hydr ophobi c g o etdiner that the hydrophoblc group faces a

surface side of the hydr o I C group an OpD s a 15
directionr different® ﬁ\é&rﬂﬁ? d%’otgho %: glrglj ;! g‘g(;b%/ﬂ&aﬂ ovm%%agﬁ
fragnent ed prggucts té}timi ophobic surface, the fragnented
products being~1In uceéaby 8] age o a polyner cont ai ning the

hydrophilic group apd ey A PRIEREhHPMating the dilute acid and

allowing the polymer contained in the treating agent to
be cleaved; and

10 a fourth step of condensing the cleaved polymer on
the surface, orienting the second moiety of the polymer
toward the surface, and orienting the first moiety to a

gide different from the surface.

15 24. A method for producing 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

20 liquid to effect recording, the recording ligquid feed
path having a lyophilized surface with an olefin resin
present at least thereon, the method comprising the
steps of:

applying a treating solution to the surface, the
25 treating solution containing a polyalkylsiloxane having

a hydrophilic group, an acid, and an alcoheol; and

heat-drying the treating solution applied to the




20 26. A surface nodifying nethod for nodifying a partial surface of a
tubul ar recording liquid feed path as a path portion through which a
recording liquid passes directly or as a structure necessary for L”f#ﬁ?
feed of the recording liquid, the recordihgfl+quid being fed to an 084
head which ejects the recording liquid to effect recording, - 4 JUN 2004 -
119 wherein fragnented products of a polyner oriented on the basis of an
affinity of a group having an interfacial energy simlar to a surface
energy of the partial surface of the recordin quid feed path are 5
condensed on BheprEtﬂalas@ﬁﬂ@@eaﬁGrﬁpéﬁﬂyeﬁh§%§BrF@&@ tempex §iditifod for

nodi f yi ng, u3|ng aliquid polyner, at |east a par e%hrace of a tubular
recording |iqerd LeeerpiPAnaths PRLFLDG: PPIRY Rfo e F S cor di ng

liquid passes directly or as a structure necessary for the feed of the
recording liquid, the recording liquid being fed to an ink jet head which

ej ects the recordi liquid to effect recordln the ng: 15
a condensi ng step g% %d§H§Fﬁ§ “afi§ %ﬁﬁgkgﬁym g§%é$ﬁz?ﬁ&£$%h§§£?%ié
products of a p mer .o SR e gurd; gf s Ted ldqur_d feed
pat h, 8§pa P being cleave condense contalnlng a

first group h%\él ng p%]tfrx“%%t | O%@thgl’p(&%l@gld t%go@g%emq,tgrao%g&\ﬂr}ggan
i nterfacial energy “al nost
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 hydrophilic
group and a hydrophobic group in such a manner that the
hydrophobic group faces a surface side of the
hydrophobic group and the hydrophilic group faces a
15 direction different from the hydrophobic group, thereby
allowing the fragmented products to adhere to the
hydrophobic surface, the fragmented products being

induced by cleavage of a polymer containing the

hydrophilic group and the hydrophobic group.

20
26. A surface modifying method for modifying a
partial surface of a tubular recording liquid feed path
as a path portion through which a recording liquid
passes directly or as a structure necessary for the
25 feed of the recording liquid, the recording liquid

being fed to an ink jet head which ejects the recording

liquid to effect recording,




equal to a surface energy of the partial surface. 28. A recording liquid
feed path as a path portion through which a recording |liquid passes 25
directly or as a structure for the feed of the recording |liquid, &#elUN 2004
recording liquid being fed to an ink jetli®ad which ejects the recording
liquid to - 4 JUN 2004 - 120 effect recording, the recording liquid feed
path having a hydrophilic surface obtained by nodifying a hydrophobic
surface thereof, wherein fragnmented products induced by cleavage of 5 a
pol ymer having a hydrophilic group and a hydrophobic group, the fragnented
products havi ng t hehaydiopliregoengeduprafdctieofiydr ophybes grdenteadt e
oriented and adhered to the hydrophobic surface in such a manner that the
hydr ophobi ¢ genuphéabasishefhasir sphépiEY10Lsar 9A08Ps P@¥ 1A 3he
hydrophilic. group faces a direction different fromthe hydragphobic group.
29. A recor di haterfardaleenepaynsSiBifed tR & SUEBACSr °8R% é’sfp aF?ﬁat h
portion through which a 15 recarding |liquid passes.,dir.ect.l r as a
structure forPaFﬁéaFeéHrgﬁther§B§r5?ﬁgrPF&§iifqPﬁg F888r§4%§|%%ﬁnd
being fed to an i.nk jet head which.ejects _the recordi. i_qui ffect
recor di ng, th%DPQEBFégnSnlgg iHafgéalngﬁfﬁgﬁi%é %O%ﬁ%%igheﬁghggﬁﬁg%ting
surface structure with a polyner applied thereto and adapted to hold the
recording liquid fed thereto, the polymer containing, in a substantially

27. A method for modifying, using a ligquid
polymer, at least a partial surface of a tubular
recording liquid feed path as a path portion through

10 which a recording liquid passes directly or as a
structure necessary for the feed of the recording
liquid, the recording liquid being fed to an ink jet
head which ejects the recording liquid to effect
recording, the method comprising:

15 a condensing step of condensing and thereby
poiymerizing fragmented products of a polymer on the
partial surface of the recording liquid feed path, the
polymer capable of being cleaved and condensed and
containing a first group having a functional group and

20 a second group having an interfacial energy almost

equal to a surface energy of the partial surface.

28. A recording liquid feed path as a path
portion through which a recording liquid passes
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




alternate manner, a |lyophilic group of a relatively long chain and a
lyophobic group of a relatively short 25 chain. 30. A recording qugugszM
feed path formed in a - 121 4 JUN 2004 tubul ar shape as a path portion

t hrough which a recording liquid passes Gectly 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 1liquid to effect recording, the
recording liquid feed path having an olefin resin at |east on a surface

t hereof, said surface having a nodified |yophilic surface, the recording
liquid feed paffiebaviagoadingui $hel@econtang Adavidf eedsPafdy ey inte

| iquid contacting surface structure haying thereon, in a substantially

al t er nat e manaehydzobpdléphehiréageogptaingdy BrafPddifyin8ofy chain and a
hydr ophobi ¢ group of a relatively short chain, the liquid contacting
surface struchufsopbobdrngusbegendBes#oippl ying a treating solution to the

surface, the treating solution containing a,pol, r, a, dilute aci s a
cl eavage catal yst WBETERB FEPIRENTE né'l’rogHC&ﬁcd‘%‘gl%,cetdhgypgllﬁ?&ag(?o%f% ni ng

20 (o & Surf aBOPENIFE] BRUHE SUMPASSTAALR SogrE it ReRbPIRY orefin
o the surf aBBouBontEt FAPARS RS BIOrS Bord and nocs (i adher ed
group and the hydrophobic group, are oriented and
adhered to the hydrophobic surface in such a manner
that the hydrophobic group faces the hydrophobic

10 surface side and the hydrophilic group faces a

direction different from the hydrophobic group.

29. A recording liquid feed path formed in a
tubular shape as a path portion through which a
15 recording liquid passes directly or as a structure for
the feed of the recording liquid, the recording liquid
being fed to an ink jet head which ejects the recording
liquid to effect recording,
the recording liquid feed path having a liquid
20 contacting surface structure with a polymer applied
thereto and adapted to hold the recording liquid fed
thereto, the polymer containing, in a substantially
alternate manner, a lyophilic group of a relatively
long chain and a lyophobic group of a relatively short

25 chain.

30. A recording liquid feed path formed in a




t hereby cl eaving the polymer, and condensing the 25 resulting fragnented
products. 31. A nethod for producing a recording liquid - 4 JUN 2004 - 122
contai ner, the recording |liquid container containing an absorber whigpN 2004
holds a recording liquid by utilizing a lzapidlary force, the recording

i quid container having an atnosphere comunication port forned in an
upper 5 position, a liquid feed port forned in a |lower position, and a
joint pipe positioned sideways for introducing the recording liquid into
the absorber, wth an olefin resin being present at |least on an entire

i nner surf acetabebanfshapej ana pApbk BAEtAAN1GhERVOPeYPARBr asur f ace area

| ocat ed downwards froma position above an_upper end of the joi I pe,

t he surfacesrﬁgvrﬂgnﬁnaiﬂpéé P?éﬁﬁ?lﬁér§GF#XCQ§ 3Fha ﬁEFHS&urgo%ﬁFpsing
the steps of: E the recordin |d G nt%hner fro

porti on thereB‘Pe 83a°fi §HPd*PESE 89 188ﬁ ai ﬁgrgcpfggPQnélg&l {on
til th t b th t d {

'feating 5o heiBd £89) £p PheiPRedptnleod! HPLoR AdRETS (00 REOEHFiEes,

the t t | ut ol |k |

hydr ophi Pi ¢ otoapidaRoasraect hteRraardonshe e§°ﬁea?'3§r3?¥‘gﬁ?r%ed

surface- adher ed, %rgat thgﬂlgﬁegﬁ QES&nt%@pgﬁég%r%nhbgg%Ef% room

tenperature aRa " 1*over tlng point of the olefin resin.
thereof, said surface having a modified lyophilic

surface,
the recording liguid feed path having a iiquid

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 surface structure

15 being obtained by applying a treating solution to the
surface, the treating solution containing a polymex, a
dilute acid as a cleavage catalyst for the polymer, and
an alcohol, the polymer containing a hydrophilic group
and a group having an interfacial energy almost equal

20 to a surface energy of the surface which contains at
least said olefin resin as a component, then
evaporating the treating solution thus adhered to the
surface, concentrating the dilute acid on the surface,
thereby cleaving the polymer, and condensing the

25 resulting fragmented products.

31. A method for producing a recording ligquid




25 32. A nethod for producing a recording liquid container, the recording
| i quid contai ner containing an -4 JUN 2004 - 123 absorber which holds a
recording liquid by utilizing a capillary force, the recording |iqoitJUN 20064
contai ner having an atnosphere conmunicdtdZ2onr port formed in an upper
position, a liquid feed port fornmed in a lower 5 position, and a joint pipe
positioned sideways for introducing the recording liquid into the
absorber, wth an olefin resin being present at |east on an entire inner
surface area of the joint pipe and an _entire inner surface area of a wall
to which the ¢onbainerpi phei secorAéngediqvhd SORFALBSThEPNHG LRI Y

| yophil'ic surfaces, the nmethod_conprising the steps .of: ILpRi_ng the
recordi ng | i qaibgorkeat avhéehi hedds PiﬁﬁpﬂrﬂégﬂriéﬂﬁléohyaP%Fﬁdz§9¥?é%ting
solution until the joint pipe forned sidemaxs ang thetgnn%&,%la%ﬁge of 15
the joint pi peaRbhheEYc8oRELt 5PE IPEREGIPH: 6 HHE: PO PAG S0 Tt i O to | et
the treating solution adhere to the_ surfaces, .t reati_ng I on
cont ai ni ng a @PoRYAPREPEFROKSAEVRAGASGCR H?E?ogﬁ?ﬁﬁé g?oﬁg,“§ cid, and
an al cohol ; and_20_heat -dryi ng .t u €5 eqdt eaimag solution at a
tenperatﬁre_h?ﬁﬁéfl?ﬁanargéﬁ??%n%%?étE%g%aﬁgg %&ern Fhan_the mel ting point
of the olefin Les nPafﬁan@i gﬁﬁgqﬁtf G oR' QNG itAGnedl q@edial® Ifpuid 25

cont ai ner, th%o?éC(Jj contalner contal ning an

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:

dipping the recording liquid container from a

15 lower portion thereof into a liquid reservoir
containing a treating solution until the position above
the joint pipe upper end is dipped into the treating
solution to let the treating solution adhere to the
surfaces, the treating solution containing a

20 polyalkylsiloxane having a hydrophilic group, an acid,
and an alcohol; and

heat-drying the surface-adhered treating solution

at a temperature higher than room temperature and lower
than the melting point of the olefin resin.

25

32. A method for producing a recording liquid

container, the recording liquid container containing an




absorber which holds a recording liquid by utilizing a capillary force,
the recording |iquid container having - 124 - 4 JUN 2004 an at nosphere
comuni cation port formed in an upper position, a liquid feed port -foHNeHil4
in a lower position, and a joint pipe pasixi-oned 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
wal | positi onadsbebew whichohpdigt aprpecrthedstigaddsPHalthd IFdd% iBed

| yophilic surfaces, the nethod conprising the steps of: masking .an inner
surface portieapibtaredfasapwatche reFerfalgodiaMdd SBBYETARTY g?Jghd of
the joint pipe and except said inner surfacgs of tge.mall mﬁtgrthe 15
joint pipe corRettBasPhere: GOMBHPALAGLILRePPEECFGFAGY LuPl E88CAi ner from a
| ower portion thereof intg.a liquid.reservaQir ont ai_ni treating

sol ution untiPOFhElﬁﬁsi?igﬁq558v§999h80f8i%PrﬁﬁéelﬂpSe?Bgﬁ is dipped into
the treating 20 solution t.o_let.the treati [ e t he
surfacesé thep??ég PRy ?8Fu?i3%l%gn %P%ihgggtiggggaggggg??%xgﬁg.having a
hydr ophilic gt .aci ; 4 gan eghalayisbgddie treating
sol ution adhe%ggBPgﬁ?ﬁgg %EESS% gggéﬁgfqgakggpéggPUSeehigher t han room
tenperature yith 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 into a

liquid reservoir containing a treating solution until
the joint pipe formed sideways and the inner surface of

15 the joint pipe-connected wall are dipped into the
treating solution to let the treating solution adhere
to the surfaces, the treating solution containing a
polyalkylsiloxane having a hydrophilic group, an acid,
and an alcohel; and

20 heat-drying the surface-adhered treating solution
at a temperature higher than room temperature and lower

than the melting point of the olefin resin.

33. A method for producing a recording liquid
25 container, the recording liquid container containing an

absorber which holds a recording liquid by utilizing a

capillary force, the recording liquid container having




and lower than the nelting point of the olefin resin.

10

15

20

25

Cioa - 4 JUN 2004

an atmosphere communication port formed in an upper
position, a liquid feed port formed in a lower
position, and a joint pipe positioned sideways for
introducing the recording liguid into the absorber,
with an olefin resin being present at least on an
entire inner surface area of the joint pipe, an inner
surface of a wall with the joint pipe connected thereto
which inner surface is positioned above the joint pipe,
and an inner surface of said wall positioned below the
joint pipe, the surfaces having modified lyophilic
surfaces, the method comprising the steps of:

masking an inner surface portion located downwards
from a position above an upper end of the joint pipe
and except said inner surfaces of the wall with the
joint pipe connected thereto;

dipping the recording liquid container from a
lower portion thereof into a liquid reservoir
containing a treating solution until the position above
the joint pipe upper end is dipped into the treating
solution to let the treating solution adhere to the
surfaces, the treating solution containing a
polyalkylsiloxane having a hydrophilic group, an acid,
and an alcohol; and

heat-drying the treating solution adhered to the

surfaces at a temperature higher than room temperature

and lower than the melting point of the olefin resin.




