, €3eQR+QB$UD 4(*6*T2+n HYDROPHI LI C il NK PASSAGE  technical Field The pr esenE‘s'
invention rel ates to&atﬁ- i__!;n,k“ passage havi ng & hydrophilic surface,:-for

exanple, an ink jet recording head wherein the portion which contacts with

an ink is hydrophilic. Background Art In an ink jet recordi ng nethod,

bubbl es formed within an ink passage . cause problens ~ such mmm/ BRI of
dots or disturbance of printing. Therefore, the filling of - mmmmge
conducted in such a manner that no bubblg forns within the ink paéaﬁge. t

is ~ preferred for bubbles once fornmed to be rapidly renoved through a

di scharge operation. In many c Ve VRl pAdsas di fficult i ar ge
bubbl es formed within the passgg@.%'*”n S is considered attrib m@# @E@ ”’ﬂml
poor wettability of the surf 2 b ' K Passane ith a water-
due to a high water repell en@&s e Free—or—the i nk passage deth

contacts w t hTechnin&l Hieldgarti cul ar, when a resin which can advant ageously
| ower the producti dRheospresgentrt isvehtiibn casdatesof ty 0e@SSiRR aﬁgssage
i e

fabrication i ri.so i | as tals.i.s used as an ink passa

mat eri al incl lr}éﬁg@ _r%cgygr%rﬁe%&? %ﬁgflvi%ee'r F@ﬁel?’éﬁ’&?i&’ t#R Y nJes
so high that tIRFIEI#BE PEBE sdhereincthrel podisohawhdeh Fontddss refshAnan
several proposiie ;t'ngvgygggghrmq%'for a net hod of enhancing the
hydrophilicity of the internal surface of the ink passage. For exanple,
there is a neta &R a polar group is formed on the surface of a resin
constituting an i nkipassfgeiRX aRe@cCi : t S n etg.
to inpart a h)(qd;r hilicity to thg seur?g%g?g?ﬁgﬂemﬁgg@r@(gggp%gnigéglga%%ﬁ eﬁ
Lai d- Open Publ‘{cdt1bn3No. 1 P9 PASEESS . - THeauspet msEblemswever, had sumtobasm

that the formeshipd Bon go6uddts pEPr diBturbAnk BB SACRE 1 Ryl hefheé'\é‘fﬁrége
W n

~ passage was alJd.qwed.tq nd for a |ong perip f time in a state
ink filling tﬁé‘cépagéégéi}fhe foffect 1BF i#b%%gngf% hEORRR | il@ naughe as
| ost. Ther ef om@nigfenthakecwr dpugbie hEadmss wiotigedhestiniedp8Esage. It

transported, it r 0 +f] liquid, e a. anink, Tor maintaining
the polar gr od%-. Esrrhéﬁ?ﬁ?ngogpegrdatﬁlo%bf"the Pﬁ‘l?%or‘%"'trﬁ%‘$7 FPqfsd PRI
storage or tr&fSoiachttronght podbseberge lopeatdiidron to t he above net hods,
a method wherein aIgyend Sy PEEYEQUS ht. J nt AEact W th the ink
passage with E}e in t? r?ryake thg s%}??‘gé’g*gf lt%&%acglgé%g‘g%]d %ﬁ ERaT8% he
ink i s known 'Hg’ﬁ’r}@ r f OFI§Faritkeh Fat die PoasEsgeion Mbis54784/cte8G)dered

However, thi s aretrlieth b€l tohas ppdi apdermpi{ih r it e the
effect. Further, in sone cag&l, tﬁr?e heat i ng un%agoregbﬁ:;;%gi%‘ggfgg:gec’t"‘ota{'he

enhancenent i A FhPIRTRFEr efcyaderntRasedi AnkA digygéet imnhighcomten
i nk passage wrelped leydroplof i ctiselbsédgrELceS sRAerhi Jggﬁne§gslg%§g%nt which
Publ i cati on Hgongg- 1,_5__36({]13 Agcor.di ngly, an object of the present | nve‘rftl on
is to provide an Nk pass%%e Ra\}ﬂ‘fg a TRy dPBphiFPLagur @R AnseRén ofjiadt
of the presentannadivarirajeouslyr byikde Bhei B dTEAAGH Wes e Byf 95iRde of
bubbl es can bgitapi dly, remoyed., A further obi e&t of. the present invention
is to provide an ink passage, EspeciAiItE afPPnkaPEdS i by ReE@arnisiosh
can mai ntai n ¥1§8ogUasE ophd| mettal seven whed abeanndinde pésibgehpadersal
enptied in a paelad ik e I | 9N t e_of e head or
during interruption o]gt ﬁegﬁg’gﬁ%@ o?&;léng’tgﬂghe%g?geéeﬁFﬁe &ﬂciyonc’?hé'flbé is
provi ded an i ARSpEssife PavithShA sthdtacehehi doomed ablpileshi kire fstanely
characteriseddibchhageldie fil mconprises fine particles of an inorganic

oxi de having a hydéoghi l.i.c gr;qo%é), said fine particles being bonded to each
other and being prE&8&nthys Rt nffEReRasd| PEoRAgadSohavertbedn i npde tfor
suf fi cient hysr oplthlidci¢§ enahkheiagr frage ﬁpd@@ﬁﬁflié@'tg s 9¢nPbrna
bubbl es forneguy_vk%ggn 5,Pe tihnek pazsage. The present invention al s Provi ées
a process for coafrng a base mat'ériBRSBRIEN i nKOFase%@BPLEai dtpeveeds baing
charact eri sedmgyhofie whtegesinofa (pplasagrogwm 59! 600081 8nNGhe X fifce of

particles of an.j gany i.de. di spersed therein on the base nateri al
wher eby to fo?mrggr@és%ﬁngr#‘)g%%a nég)r? éﬂg PBYSaRYi ﬁg A Q| tEp2tReBEIng,

sai d fine pardi Al@STonbresitngndn i ebcgarticc dmpaethavi hgdaopwdnapflity Cto
group and bei pgeboggdedat-g €agh er bei resent said coating in a
si ze and anount_ whi ch,iarrpar te% 33 i cire%ﬂ'nhyo( nes& tfa(%eq%e kg k@-Open
material to cRuBAIFASEONIINGChaA4RS B 1BBBDL esThosmmd thioidhi hdsherd Nk WagSage.
4 BRI EF DESCRbP3bOAMOF+REE DRAW NES LERT: pd1hs @ matic view of an ink
jet recording head; Fig. 2 is an enfgrggedpé%égs chﬁonl?akgﬂ%n fFPne AA
of Fig. 1; and Fig. 3 is an enlarged view of the vicinity of a passage of
an ink jet recording head according to the present invention. DETAILED
DESCRI PTI ON OF THE | NVENTI ON

(TR L AR

va




| nk Passage The-term "ink passage" used herein is intended to nean a
portion which cones into contact with an ink. For exanple, in the ink jet
recordi ng method, the ink passage refers to all the portions which contact
with an ink in a path froma nmenber for storing an-ink through an ink feed
systemto a recording head. Therefore? in this specification, the recording
head as well is referred to as "ink passage". The ink passage according to
the present | RGERLESRNFRS on Fursthgriacehanfithecopssadag ¥asie pardved estc
of an inorganseanyi dfor TRE {8RG ‘ddriudabli Ot Hife OfiriNal NALHANI Qvi%'hdﬁé Usid
herein is intended to nepan finé particles of an_inorganic el enment having on
its surface a I’lggr"BHhilF egroﬂ?)sgﬁﬁﬁ'as they dresEachr oRf  a iWarbaNg gr die
or a sul fonyl hgdeophiTlics hatureonjy i 3o .f i nehRAdfiddes Qhedn & NQEIIHG ne

oxi de exhi bi t very hi hydrophi licit virtue of the presence of the
hydr ophi | i ¢ 95858 gr? é’%tuu?%/‘g'ce %?r?‘%ec’\rli %%aﬁ'fﬁqr&eé%' ott ahSi REF§ERRCY to
oxide. This efablesaa highidydrephi | ian tinky, bfdmpaatiedtaion iy wvd ape e
the i nk passa roug he- sfyor g | his il n r f f ,t.he .

i nk passage. g\ﬁg%Bt he gﬁr&f zfclelololfrm% hgﬁfgétgggsaégfe %% af’ﬂ?g%%h %ﬁ% i Ililgi“tl?,
bubbl es for me8UHAPHI nSHPE G PG saEERBFROFAPLAPY dilschdigritblesomet In
staying withi aqdiheipassegethe v fethaee,ofat hethdl Rﬂ&éﬁgfnafacoc?ydé ngs
to the present _invent gon has %lhl gh hydrophilicity and a gontact angle o

about 0 to ~OPFRYEPEFAK PTPYH301NFRe ¥phi FiEhg e dRKt IRAStAdGcKHish
the fine partheating 4o imakeabhe exrdactoest noheepaisisagieal dombd t Bvte has tan

excel | ent pergsjst . ; Eor, e, JJL a cor i head subjected to a_,

t r eat ment foréilj%pgﬁqfnlgga nyﬁroprkngl iecrnana l%?e {)Jséé] e%%n\?«?%[ejlngna URethGiont
was necessaryNeo fP478£h29PAsI-de ofiovaweneadtiiish methoRk omsot Wedll i hasd a
after the progushien oF the hRAd firenld ovE nah&hef@é@rtqphlcﬁdz%rﬁ]éfr}OiReE.B{nat
until the recordi ng head was used. Hy contrast, the recording head

accordi ng to t#2ePr e5BRt NERFEMT HNRKRAIAREE 0FEVESNELSE 1@ 13N | A REERENE)
for maintaining the hydeephepedilttancyFuit heie +88ihNK RASIRER ACLH dtHIcLI
t he present invention_can _nai nt akF‘ t he hscg{f(’)é)l’g'ilmt even when the ink I's
wi t hdrawn and®? he PecBPTSAF Shedd s %xﬁﬁy Lthe AYPSHRNGE | oy Perrodipf
time. This asTawihess RatadvabPuaddcaft itdme Nar.essgH1960ENL | on unatt ai nabl e by
t he conventional t G th f or. i oparti a hydrophil.i ¢ nature.,
Preferred exanpl e;sgcg &Eﬁg;}??ﬁé %g‘r té)sc:féeg%f Ognr&?‘ﬁor%%%sl%g%xilﬂgep H0det s i 7]
particl es conpoRetdemadnl ynkf pagsegedbasiingne dvydnmphoil iwrsuefagent s

sel ected 11om al UTkibEhe! SE98LEM £ Sthé Gofesdht Dt LbR: 157D WRo?1 86 an
| ead, germani um hafnium chrom um copper, i1ron, cobalt, nickel’
manganese, validtiRATSHTBOYRRT L Bnf AFTRFaRy DRdiSfEaturke THaP 1@k ¥n rerpuedef

two or nore el enent stursikdrhebeebti 6£i Ahendedskeati IR idAN 4 WE povide
oxi des of a plurali of _singl e _inarganic eLng?r’ggnts (for

it I exanpl e, an .
anmor phous subit ahids éﬁﬁﬁagg’gleggﬁf:l %@ aﬁeﬁxfagoﬁ/ﬁé?‘% E‘e(akﬂo dfh it e
el enent s sel exrdareddiTdm ihe glodehydeogaiild cditymenteh ahensthechbhoiBerofaiiey
bonded to ox dt | :NOSS| 0 dj n n_as f.urt her
conponent to t eselst’og etalé.éjpl %t PF&B?eF%’??% Re§§g1 ecgdlg?{:?ﬁre‘ aP%o?%%n‘f%e
oxi de i ncl ude A, her@oor Sippingi dptegyOrtiom @, heOusfhO, Ge02, Hf 02,
Cr203, QuO, Fe203,a488kd Dh& tHPRe YRBsehB29Rveh2ddn ?ﬂ%ﬂ@%%pzzﬁ)ﬁ Jgagn

exanpl es of the m xture of these inorganic oxides include Si02-Zr02-bas

gl ass conpositPorR3RABAR B&Vang rcotBE {Fas¥hirhy e&nd| Bydspphizigy film,
Si 02- Zr 02- Al XY waek & DRe 1 137 - 110220) t h BT 08, c ML f e igast {dDds of an
exanpl e, Nh-fier{ rli taeﬁi(g:o-fer(igi te_and Ng-ferﬁi he%. I.ri.parti cul ar, since the
zirconia gl ass Ha& 5 al ®5t$Re PRY¥F8Pante, PYHECHEE L3F t RECHPrcofd Gl &9 s
advant ageous peheni ¢ hes et igrg baseted o eachl kahiereandl bdbnghptdeset i n maid
particular ligatati on t | ze t ipe fi.cle he in ani ¢
oxi de, the rre%gnlngar%?c_lg dihsgrrz;ét era'?éé prggf)[el'rngbl 5/'?{{5]0&11 tgmg%r?‘fsgyr%u sfgﬁﬁent
preferably 10wdrqrhplicityce Wien shefasen twurchgbe diagist edisgbaede I
~,1m there igub 0SSt Pihéed Ywl PRint PReNOARIBAGKEYOf the sol is spoiled.
Further, the filmform ng property as well Is unfavorably poor. The .
particle shape as W PHESEIt LHYENtAAMARYF O PRPVAEESad PLRES$%\f Pe Cadtd nef
particl es haw npasal i adgteghianesogsuchnasisphaifssue | 0dka A t udedde peing

t hi ckness of the film conpri si ~ fine rticles of an inorganic oxide can
be properly JetFHIAYRLS t%’kiggetﬁﬁeaﬁggge(ﬁs PGPS 13 Sl CAMRF 1sing
necessary durability, etc. into. consideration, it is preferably 50 to 10
Vim still preferably about 800 ~, to 1 ,um The hydrophilic effect can be
attai ned even when the filmthickness exceeds the above range. In this
case, however, the dinensional accuracy deteriorates and this is

unf avorably causative of clogging. The filmconprising the fine particles

o o,



9 may be made to Werner Stober et al., Journal of Colloid and Interface
Sci ence 26. 62-69 (1968) for Si02; Yoldas, Ceramc Bulletin 54, 289-290
(1957) for A1203; :iagiwara et al., Proceeding of Annual Meeting (1991) of
The Ceram c Society of Japan, 2E02, 31§ (1991) for A1203Zr02- based oxi de
and A1203-Si 02- based oxi de; IkenDto et“al., Journal of The Ceram c Society
of Japan, 93, 261-266 (1985) and E. A Barringer et al., J. Am Chem, Soc.
65, C199-201 f(lmzyamxclreezofeﬁe inorgamige axidecdisearfrAe Shansdne on

an inorgani ¢ «hd dend Se haRBEIGE WheReby txﬁblﬁmlaeaasnmtampamﬁr@, .aride
solvent as a dlspers medi u e selected.froma_w arlet (%
% hfﬁ%u ;}/ar icles

organi ¢ sol veiRls ¥ Ravkh #0hbi FPEVIRGrh SR t
Constltutlngddmpﬁuuimgea@f1hbﬁgankcpaz$agehandnqoanuwdmuphalimaqnnup and
mat eri al . ferre h p i d
al cohol s suc qf ano a%%l gt}g‘%gpgh%l Bgﬁﬁ? ? qﬁo%(g;erl?h@a%tlffng
pol yhydri c almmlﬂm@nésamthlyt evielghyimbanke gpﬁ@éﬂlﬁntarhmmlw%ty
triethyl am n%@néheyrsﬂ@emaea&*ig&yle& esluc.i.% sy&;blas JiYdHL e B anbLes
acid and oxalic acid, acetonitrile and m xed solvents conprising m xtures
of the above fRERS st Hghkpdrhe aﬂﬁ RRRE@980l vents conprising a mxture of
t he above dispersing nedia with water or other organic solvents. Wen the
base material is a resin, |lower alcohols are particularly preferred. In
sone cases, the commercially available sol may be further diluted with a
suitabl e solvent prior to use. The above solvents may be preferably used as
a solvent in this case as well. The anmount of the fine particles of an
inorganic oxide in the sol is preferably about 0.01 to 10% by wei ght, stil
preferably about 0.0~ to 2% by weight. Wen the anount is |less than 0.01%
by weight, there is a possibility that no honbgeneous coating can be
~attained. 10 . On the other hand, when the anobunt exceeds 7:0% by wei ght,
this is unfavorably causative of clogging of the passage. In the sol, it is
al so possible to add a suitable third conmponent for the purpose of
i nproving and stabilizing the dispersion of the fine particles of an
inorgani c oxide or to inpart an electric charge to the surface of the fine
particles For exanple, it is preferred to add a surfactant in an anmount of
about 0.001 to 1% by weight. Wen a coupling anent is added to a sol for
t he purpose of strengthening the bond between the fine particles of an
i norgani ¢ oxide and the base material, the anmount of addition is preferably
about 0.001 to 1% by wei ght. Wien the anount of addition is |ess than
0.001% by wei ght, no effect of addition of the coupling agent is attained.
On the other hand, when the anount of addition exceeds 1% by weight, there
is a possibility that the stability of the sol per se is spoiled. The sol
thus prepared is applied to an ink passage. There is no particul ar
limtation on the nethod of applying the sol to the ink passage so far as a
| ayer of the sol can be evenly fornmed on the surface of the ink passage.
However, the application of the sol by coating, dipping, spin coating, etc.
is preferred. Further, the coating may be conducted by assenbling a
recording head as shown in Fig. 1, injecting a sol into the ink passage
whi | e appl yi ng suction by neans of a punp or the |ike and renoving excess
sol through enpty suction. The thickness of the sol |ayer nmay be determ ned
by taking the thickness of the filmof , fine particles of an inorganic
oxide into consideration. After the sol is applied to the surface of the
i nk passage, the sol is dried. The drying may be conducted at a tenperature
or above capabl e of evaporating the dispersing nedium For exanple, a film
conprising fine particles of an inorganic oxide having a strength 11
satisfactory for practical use can be farnmed within the ink passage by
drying at a tenperature of about 80C. According to a preferred enbodi nent
of the present invention, the drying is conducted by heating to a
tenperature necessary for renoving water physically adsorb d between fine
particles of an inorganic oxide (hereiafter referred to as "tenperature
necessary for renovi g physically adsorbed water"). In the heating to at
lea t a tenperature necessary for renoving physically adsorb d water, a
chem cal bond ~by nmeans of a Cehydr condensation or a hydrogen bond .n
whi ch no adsorb d water pa:ticipates is fornmed, etc. are fornmed betwee the
fine particles thensel ves and between the base mterial and the fine
particles, which contributes to an nprovenent in the strength of the film
~conprising the fi a particles of an inorganic oxide. The tenperature for r
novi ng physically adsorbed water of the fine partic es of an inorganic
OX|de can be deternlned for exanpl , froman endothernlc peak obtalned by
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13 of silicon dioxide was concentrated, and~ethanol was added thereto to
give a sol conprising a fine particle dispersed in a mxed sol vent
conprising 95% by wei ght of ethanol and 5% by wei ght of water. (2)
Production of Recording Head and its Evaluation A first substrate .and a
second substrate each conprising a pgl ysul fone resin were washed and dri ed,
and these substrates conprising a pol4ysul'fone resin were joined to each
ot her through a solvent cenent, and the resultant |am nate was heated at
80C for bonding. The above-BREEF | bESCRIPTEONS OF WAk ipBartREsby rmeans of a
punp into the recorging head Ile.a | ng suction. erearter, excess sol
was renmoved by enpt§*9actt ohSt 8 &ﬂ?é)r%l%“gof’l&’f’t 8fr flde oftt Kecording
pol ysul fone resead; Tie recording head was dried at 80C, and the nozzle
portion of the tip @f_.th yas L.okn _the recordin ead thus_,
prepared, an about '0£§~(r?} phes?c flxll%lﬁgﬁﬂr FEPRG RS Y tpﬁﬁﬁg B8R diPRcér
di oxi de was fothedfoRighe uh@nd surface of the passage which comes into
contact with an inkgpjdhe yigidi Ly O S of ,4 hg,cro ion in
this recordi ng head %s as shown |néﬁ'€?g§a fﬁg%f'g.o?,%rq%rreﬁffgﬁy ot "a
desi gnates a fP3$58EesiPf cdR dibki dietandesorstinig 3headhoadcardangf o the
sol vent cenentprddéfitl eaeditidmead was nounted on an ink jet recording
device, and a printing test @Man&?i t her om ssion of
dot nor disturbance of pri M‘% ; ¥ o hydr ophi lic
ef fect was confnk nPaswatki n the head. The ink was withdrawn fromthe ink
j et recording head, .t he ¢ ercort;jiqn head was,al | ovgd to stang at, 70C for 5
days, and a bubbl e Ui Scharge t et WRESdRBuctErrRd sPecedincat Py, intdndatk Has
sucked at a suwgdmnarpoetdbn0whidh sesméorintpi vontRH afid 44 NBpk andror
printing was t ducted.to .determne a tine taken for the pubbles
" remaining wit h%%éggbagéagget o”g(e Tonpt 8ERF §108: 0 RE 1 RfipPagsagen
as om ssi on ofrefgrantodrdturtien g nifiqus nvhight coheaedd nied eth Hsk ain a
result, these dJubtesqncquid, ey etely; ebiginated. , 14 i,n a -suction
tine of 1 to 5 sec. Spgci fi ca{gfeyf,c it .\%/a*sét%)ﬁ%i rghrreght%hé:thrtl%uegmyear? obrlt’lj]fl#%e‘i
effect was maiSHBF#Bd &t hdut HREGrfdngt i dreadd t he Tinete Beréer neoh witihi s
the ink passagpa®uf debeisasi lvhd erdvera by qansia®! £ di;sehange quaratjon
Example A2 (1) Pr,ﬁgn%{lati on_of Sol An a’f%mxﬂa %'g] cagsrrpr;égﬂné,g, fi neﬁléé) to
particl esof aldfhi aBFA§29%nean particle dianeter of 0.05 ~m dispersed in
a sol vent conposed mnﬁhk0f9ﬁ§@@80|addbﬁii¢:§qw€6t rafd OBrQEthZ%We:Y‘.?% t
was prepared as follows. The Ei ne pag{,icles of aluym na were, prepared by
heating al uni t??p\ﬁ%ﬁox?‘él’é FRewat dri ¥ FEBPIFilngG ng fhESNPRATHELesdf ng
hydrochl oric &ui d imoadenicxtedand altioai ngefhe NExhelr epi o 56886 & 80C
for several d . Leact:iqan m re containin he fi.ne particles,_of
al uni na was cg'ﬁgoerrﬁ-rgr}glféd,gg&r?% _p;%%%%ose\fﬁénad)d%dgphgpgﬁg t gPG8na sdiine
conprising a fRaktikes ofe adi spwngahic alemeat saiwierd onMitissistg 2% by
wei ght of propandl ogieh 10% [ of er Production of Recording
Head and its EVal uoa‘t'??on A fgl}%bs%,i?sggépra %\aén %érg%a’é%%d Lt afe c@arg?nyf
conprising a EAYHRrPorAt 8UtéSnilwereoumashed and dried, and the portions to
be jointed was nmasked Hyriapi BEmpr8Sily OF ke !4 : ., akove- i_hed
mprigi fl'}geo §Ptbgﬁ]3§%§ Pl q‘?ﬁcrrqﬂw ng

S
alum na sol was cpated qn the surface of the I'yCarbonat e r esi n by
or spin coati iyt eeEB%Hlﬁgs vAs V@TiYedh agh1ducir ephi 1 hel irsbwasirenev et

. These substr aitas soevehsiend M méy&@ﬁb@ﬁ{ielirces?f'o%_r & OtH@dsEQES@%h of

ot her through t%es%.vgnt gerrerép_, _a#g the resultant | anj nate was heated at
80C for bonding.© The?eaP &F 198 Ho AR o1 PBFERGA CoPRIRE ¢ i pTHE St BBaBAES Vs
cut. In thef r écigidi hgd hepH it hos tyr eqeartesl, %mpaagedt t@b&nén Tt-,b'rﬁkcféi b tfhe ]
conprising fi i -~0 Lna . was for on the whple suyrface of the
passage whi chrlglgprre g%%tggeco%?gép%\jt heanffjﬁﬂg%ﬁﬁ’% Pecoriftfig fHedy 9Rs the
mount ed on an Sufi€gea e&cbhei igpkdassagand Whepn Mhengsu efaceasfcahdudinad.

As 15 a res i t My sS4 0N -Rer..di st yr e o rinting.,.
occurred, andlﬁéaﬁls,séar_%?ellll{"g%t thrg'r orghrllﬂif:gg#’%ggfl\%gé t:bo"}?ﬁa?nf?’r%d%ﬂngf“ﬁ n et in
head. The ink thes Wrkh@aswageomncherapkdilet @bschaiggdheattholre se&@yitigg
head was al | owadHi% s@@@dpggszgg_for 5 days, and a bubbl e di scharge test
was conducted in the sanme mannér as that of Exanple AlL. As a result, it was
confirmed that as with Exanple Al, the troubles could be conpletely
elimnated in a suction time of 1 to 5 sec. Exanple A3 (1) Preparation of
Sol A titanic sol conprising fine particles of titanium oxide having a nean

particle dianmeter of 0.3 ~,:mdispersed in a solvent conposed mainly of
et hanol to a concentration of 2% by wei ght was prepared as follows. The
fine particles of titaniumoxide ~, prepared by stirring titanium

tetraethoxide in a mxed solvent conprising ethanol and water to conduct

—— . T ] N - . o Y y"



(1) Preparation of Sol A sol conprising fine particles of Si02-Zr02-A1203
('Si 02: Zr 02: A1203 - 70:20:10, weight ratio) having a nean particle dianeter
of 0.05 ~mdispersed in a solvent conposed mainly.of acetonitrile to a
concentration of 0.1% by weight was prepared as foll ows. The conposite fine
particle of silica-zirconia-alumna was prepared by refluxing ethyl
silicate, zirconiumtetrabutoxi de andal um numtributoxide in octanol,

addi ng acetonitrile and water thereto and stirring the mxture to conduct

hydrol ysis. Then, _the reaction m.xt contain t he above fine partj cI es
was concentr at ed, éb‘é?‘@rﬁetrf’lfe a’erEd H?ﬁ,\g‘%‘?% t%cﬁ?Sglﬁgsog th

conpri si ng .pf.es‘eirne nwembim Basparséejhl rmyaiﬂnpeeﬂlSeivgntanfaoraJrctcSrhMcVO%

by wei ght of _aceto 2 (V y |ght tan and,10% by wei ght of

ot her sol venta%g?f) agoe‘fr oér) $ ecbrar Fi nd ¥ s3éval uation A
recordi ng head \marm.a nhydftopimiddepr gsong fmmeqhaertrsulrésaaﬁ o5 02hnér 02: A4 203
was fornmed o | eesycf g L C (o] to tac
with an ink \%a;&gree%grg% ?rﬁ &%%n%mmﬁggragagd% Ro ggsw (1'1 95 The
recor di ng he&®& hhaspraparesFel Ient t persdatgndet i nngerfeu- rapie ,asmhai in
Exanpl e A2, qe@&t&mfshigawe@bwewéa 106 Nk PA2ERORLCALS PREIRL LY
renoved. Further i ¢ effect was | ost even when

heated to 70€3Y§r¥d>iﬁ1lrlc‘uﬂ af‘é&utrr?r oBjh e eRvTeRhgonead mernpd@ We'eksvas
Exanpl e B2 (h)eclarserwyatt@nfgﬂlsqlheA ﬁpél&@rram S$HYW neblne P tig! €5x0for

Si 02- Zr 02- Na2 Si 02:.Zr 02; Na20 - 5, ght ratio)_ having a nean
particle dia ot iggs rﬁ*d?%ber%lé?l |Hr8°§GIt\}€ﬁ’t (R)frrpo’é)éﬁ nieacy dfor
met hanol to alawiwdangrathen ofy 2Py ingicghiy Wasopr epar edsas foht ows. cHie

te f t.icle di d t hj I db fl
Toihy! St 11 CABSOIAA M (A3 BT hox| B SR SH00R U WAE nbRPAERRSTRR ol

~ addi ng acet onickoirldd nandt eattdre ap]desentrmrg;dMasmxTan&.rttca@@mdsmy needs
hydr ol ysi s e e i Xture _ca N ab i partlcles

was concentr-ar;tge? fa#%%t ﬁ‘%ngﬁq\?gls a%%le %tlher e]tlll ;9% gi Ve &Y §5 E‘ SRS g

fine particl &r¢iheger sedid n &k x@dssageentamrpdrsgng ugi)%tiyewepglasem‘t

et hanol , 9% by, \w&itdhiy Oéaﬁcﬁxfa(i'ﬁ Mgl ﬁéldh ‘%*ﬁ%‘%& fa whé%) the

Producti on of Recor di_ng Eead an |ts val u i ng ead erein a
filmconprisitR§ &Sf i Y| &Nty OQEZ@GQJ-WZ@% ¥oresgcsadt e wid e

surface of therpassage \Mllo C@€?§oantc§’fcqﬂtn?é3t Wi phian k8K wes) prigpared in
the sanme manner as that | e A1. The recordi ng head, thus prepare had -

the same pri REVAG “BEEr o? aBTBRSDE nl@f(%’r"rpi‘-@nAlu“aahHabﬂﬁﬁkés BYr @
within the ie&nmma@exaqow:cbmﬁeeldxeftmeaofe@ dteing N8 h}ra&egﬂhhlﬁ:
effect was | ost even when the ink Was heated to 7 C and crrcu ated through
the recordi n{®h84& for two weeks. Exanple B3 (1) Preparation of Sol 18 A
soI conpri si ng zi PrefiermeaXi cdexanpEdang &f neehepatinel e pdiryted ¢ 0b6£0. QA

.cmdi spers ol ed mainl.y of_ethanol to a concentration
of 0.5% by mggc’r%a\?’é? p‘?/’gg%?eg%g%f‘& | owglehep‘?f ﬂé‘:gﬁ?t‘i"é’i‘%%s% PREESHT um
oxi de were proépamed:xtlyi&jl@Sobnengrzrtmmommrmd:eerahlemmdtdze siserlentaﬂolfrom
addi ng acet ogiyt izl I sur an and stirri
mxture to c%r%&i‘ﬁ{ct %ﬁnydr o%qyljsc,i'gsr%%e rsr'egfc)tfr oltrlr mg g?éqcodt art;lrﬁn ggd urr?é
particlesof eilhgni Ukeaski deerasndomoenta fnbum, areh xemawo) \m@m.edltrber,et 0

to give a sol ris kkhne di in
conpri sing 9§&?%3Q hmg %E etﬁiﬁ%hﬁégé §9658§Gm ﬁﬁ?g SXHEE%um

wei ght of eaéﬁ‘dof“oéé’ ‘{“h | EBfhdC SRR er OXQ-Q)E PFOM N %@fﬁeééﬁﬁi?ﬁésHead
and its val U@Tsle@n h&rfe!lrrﬁt1§ui3r$ﬁér@d@d a@@I ans_ee@lédasm%@tr@t@ 60CHx i gesPkiFsi Ny

a pol yet hersul f qne re in were, hed, dried ornted 0 each ot her
t hrough an eff o>5§ veOL Wai ’rla?ﬁﬂa’f‘écwﬁ AREY (a"to’éo%?‘?‘BP Bonding.

'rll'hedaaﬁyle desm:clr_l@end)usolswrbzstamq:ectse?hbmsrregmasef) aalrmm]ﬁulrmthert @%r egede ng
ea ile a | S (e} erea 8XCess .80 S Jenov y ty
suction to a%g'lexyfetqﬁle E%D t‘?)rt-rglgnr 2‘&5“ sthé?edtﬂci/te% erfit oﬁg’er eQEE?BEThe
recordi ng hedcomgsndid ek lame30G aamdet he tiedzH isopet t iior 1dfy t Heondedof tbhe
head was cut, he r. rdi prLep d, o) -thrc
filmconprisi ny&f |tnne p%??i%l%&#]%%{;ﬁ?%m{zgx? g soﬂ@f%’r&dgﬂggm ?
surface of tHAIFASFaGERAAEN Coiesthiene evhdéast with an ink. This recordl ng
head was nounted on an ink jet recording device, and a printing test was
conducted in the sane manner as that of Exanple Al. The results were
substantially the sane as those of Exanple Al. Further, no hydrophilic
effect was | ost even when the ink was heated to 70C and circul ated through
the recording head for two weeks. Exanple Cl (1) Preparation of Sol 19 A
silica sol conprising . fine particles of silica having a nmean particle

d| arret er of 0 01 ~Cm (Snowt ex rranuf actur ed by N| ssan Chem caI Industrr es,
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Treat ment t'enp. 130140l 501 60170180l niti al contact

angl e~ 010101015heat ~def or mati onCont act angl e after 7550402015-rubbing in

i nkCont act angl e after4030201015-rubbing in pure water Fromthe results, it
i.s apparent that the treatnment at a tenperature of about 160 to 170C can
provide a satisfactory filmbonding strgngth. As is apparent fromthe
results of Exanple Al, the filmsubjected to a treatnent at a tenperature
of 80C had a strength satisfactory for practical use. It is surprising that
the filmstrength c I Re®eed nt ,at e of {
160 to 170C. (3) Evgﬁég?‘. o%&of Per%&/orerareaingngﬁo Re%grd?%& ”@Eg?hﬂ%ﬁc O%%
substrate and APSaEERd Atyfesr af&CeactS ¥emmr Tdlng as‘b%tstlsz@@e rZa@ﬁJn Qs
washed and drigéo andqu9$e @ﬂ&b;}‘at@ﬁoponﬁ#‘@iﬁg P! y@%fo%éem Ry V& e
joined to each 8Q,é E éent ce and t he, resultant 1am'ﬁ'1a5ce
was heated at BBe®$or Ba dlﬁﬁ 5 eaf PéF ﬁ@%c?z’%‘@b%?t?gntdﬁ & tuge

of the ::ead weg aiHesdhd nalraemidesokibed Siﬂltﬁﬁd@OlSi/@%-ZﬂD Hedy '1%%%3
of a punp into_the reci__yrdl ng,head whil e ap%\éi gﬁsuct oat the soI

the surface of “PRECHSIYSIT ofECHEsi S The Pty ﬁ&é&swaé @i e&xéfmé-@c
and then heattggayedrat, 16G¢szleOQeA 0 ) hndtpsnogearrd: n?zageqd tlmrgq\lo
prepared, an 00 i nprisin in ticlLes of silic

oxi de was for% %ﬁéfh %P g%%rfg%gp é}fﬂr&p §¢sa Ié FEﬁt&ﬁma o—ﬁp5r1te
contact wth aan@nMg-Ters itexior di by peatinadamumstieteornttss zikcpata glass
recording deviggg aﬂdaakl%flzmé gtgeo.%@{ax\(\@é CQH@”%%%d r?fi»‘l:é f{;‘gh ne's

em ssion of dot nor di st ur banc printrhg occurred, an- ex
hydrophi | i ¢ ef #8c@d¥asteégeausredas tHe w‘éeneaasezﬂhemknm/vaeslwalmam

fromthe ink jet resoediongnheedertha g eqagr diage headapas: ahl apgeat
- 70C for 5 days, ., and bg?‘%l e_di scharge, tes?ﬂ)was conglucte %%Eg?#ll céflg,ge

ink was sucked“hf€a 6n TIR® SRIGICIRS O&c FBR A NPREAN ber icd &t t the,
and printing wasatheparcobdlet edii imetlet erig nerefdr@bipkeso f & the bgbblgs
remai ning wthji 9g, 40 b | etely di schar ged and troubl es such
as omi ssion of°® gbﬁ n§%§§ SPbgncg@fng‘r 9 ng?‘t #Ehel i i FRERd. th8 amean
result, these pantlbtée ci:ua'nhrtmr cerpketisl YLG| i, nailesk é nia ?aJClbdaQé\lbiI@t9f
| to 5 sec. . t hat thehdroph|I|
mai nt ai ned Wi tﬁ%u% ‘dh}é’g?ﬁc’g{% éloernﬁ 055? %h%uﬁﬁl‘eé St GETE é‘e\fd‘t hmul\fl\ﬁee’fnkthe
passage coul d belBafioryninenuwedpeyty sisnprel i asharrgﬁa\oqnmhlyopoolfxarrpt'aecz
(1) Preparati a,3qh ¢ es .qf alum na
having o moan Ba; TSNS dUAdeL o oor 0 0z s uBCEA T HeCRBFE S0 Wiiedh ured
by Ni ssan Chent&@l M¥de rPase ofd. Lyam‘asclealrmmgadvmmuet Isdeges osach
concentration 8§ R&(Q_—Eya\ﬁﬁl Ia,a to give a dilute sol. (2) Evaluation of
Bondi ng Strength gl b repared in_the above item (1) was coated
on a flat plate of g PyE rt§ ﬁat §59 bt ther 54 Al COPRIdFiatGt urfine
135C), and t hepepticbegs wds atedtmerst il slroeddat chanper @trwc%%lsypﬂféiéﬁglhé‘d
Table 1 for one hq_ur r'll'hetre5|§ Iate t th\é g_a{l ﬂ Subj ected to
measur enent of An 1M 1A &t 48 5ﬁg|8 of dcété’ont 2e dRYFRSBRTY
:/vﬁ'f(e(r)ra;t gLr;mrmgll$ﬁgr,efuﬁ Flmmig? éeggtsh.ﬂE&a\Mﬁtha Btlieo ;ﬂ&@%e ; ¥ Ns@n
Treatnent te mﬁ%%od’ 0'1T20%gdfs"'0|%ﬁ%¥a§g¥t g&out W & « The
ang| e1015152021®h@a©nbié|1#at$f)f1€30ht an abel eaataenéﬂ30.=259'&®2®mejbbthg ifl:.lm
i nkCont act. ang{@l@ﬁﬁgggwgﬁ(@g&g rl{tgltg ngggé\ié)urle er %g] fg] results, i
a 0t

is apparent that the treatnent at a tenperature of*about 130873
provi de a satiBPERYBFy flillen BoRENAGOSRAeMEENIACY | si%mmrmtés oanthethis
results of Exai®l enfvokBe 1k lcEyusalhi’ed ek t@l ?_{,egt ment at a tenperature
of 80C had a strengéa satlg actor for practica isS surprising that
the film strength can®be “i*mft PYlaingeattht &Ring t@ﬁfe‘?h@hﬁé off about

120 to 130C. (Bjofyahuat |ocna;ef Een f Bemanemmad BQCQIéjdﬂgaé'BﬁgeAnfd{éshals
substrate and g second .Sybstrate each cgrrgrl Si n%v\g g ysul fone resin were
N r RE3RR

washed and dri pSASSGEE t 0 beTBORALE 4REd BF tERpengpase
resi st or the rhakerlilhe aboveddesglader sl ie@6n ot LLi 08 tp&§uré‘,?£,eppé,

i ntai hed at BO%d T B ErEe" Do © S The TALE s RodRAD hEuikas e

. Substrates Wepbo}:osmred.ttnozeac&coyhet t hrecdigh, a sab\t lmfoxfeenelslélygli@fln,
| ami nate was gg g}aquc f% S,I’ldl Ther eafte%i 0zzl e portion of
the tip of the cut he S ecdtdi i) R ‘fhu§eﬁrl8pala8 AF bt
0.4 ~mthick filmconprising f| ne particles of alum na was formed on the
whol e surface of the passage which cones into contact with an ink. This
recordi ng head was nmounted on an ink jet recording device, and a printing
test was conduct ed As a result nelther om ssmn of dot nor d| sturba .ce
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A zirconia 'sol conprising zirconium oxide having a nmean particle dianeter
of 0.07 ~m (Zirconia Sol NZA-20A manufactured by Ni ssan Chemi cal

I ndustries, Ltd.) was diluted with nethanol to a concentration of 1% by
wei ght to give a dilute sol. 23 (2) Evaluation of Bonding Strength The
sol prepared in the above item (1) was coated on a flat plate of a

pol yet hersul fone resin (heat deformatidn tenperature: 203C), and the
coating was heated and dried at tenperatures specified in Table 1 for one

hour. Th [ sate t sybj-ected t t of
"mitial contact SIAAE OTSALEr \aoT o ROMBAG it M OERanihs TATRRSr SAREy

the resin plat@old tFapsadiumh andi | atoménumher ciewaani dsnk (@ uiid & BERT -

The results we h Ny ab 3 |l e r.eat ment

t enp. 1601701801502563) %_\Mll;nﬂl LB écg'%t écggg Retal1T¥ Epounds (Sn0,, ITO,

angl e20252~3030AcAt def SAMMi oftGndact aRgkehatt,er 4885253830 malbkirid 1 Nmay

i nkCont act angéemptiee403530803685h ¢Rbi LA spYre water. Fromthe results, Tit
i s apparent that tﬁhe t reat ment g,at lagt eﬁé{e:%gtll%lrie' of g(égut CFAFRYS 206E camk

provi de a satiBf3ce8Ffy FARDohti%g &t rBAageh. mstesiappacempdioedt hef a

results of ExasmpbetHatet hendi lan sebjgcty n te rature
of 80C had a sp %ép' @JJ&Q&J@l :th'%t:e%n ??SPﬁﬁelsﬁat

th satjsfactory for practical use. IS surprrs
the film st reng%ﬁggén ‘b"zb#‘f‘rﬁ?ﬁ\]l% a t%%%ﬂy&»ﬁm Arenpdermed oh abbet
170 to 200C. (s&)bEVaatlatiandoftrmrfmsqi&ncqa@fe:ﬁecgrdifrigmHeggmélrFisri%tg the

substrate and o u & ach comrising a polyethegrsulfoneresin
wer e washed an%%‘r?%edqg%d' %%%o%n%gdaf‘o lé‘z?é'ﬁag}%ro{‘zgéudﬁ AMpdzgd in
adhesi ve, and the paesfaate imwenitdatred at 80C for bonding. The
above-descri bed solryaseipj egtied b ns..of a punp,into_the recording head
~ while applying suctTon %ogcpg{lgglhe%ggﬁ%&ﬁltr}% sur ?gi:@eof PpRéicles of " an
pol yet her sul f ROTEBRAC TPRe1E@eor Tt ng heas tviasa ded edeled £ 803 Re@d SaFt heles
24 mai nt-ai ned Hendd®, £ INe: RQUIE f ot n |l e portion of the
tip of the head was_cut. .In the reég}gie\%sﬂggbghgéggefhgt}gd pgééar Lg"f‘%?leaﬁ’é:utt’e?Z
~mthick film rFRFRG BN furPoREed &P Aachnpamedi dy deanaseformesl on
the whol e surffacecef Coulumatsage fokiceh £0a8s it @t agk Wi th an, jnk. This
recordi ng heaq’ Was tr&oygte on_an.ink jet reco,rwdj ng device, and a a'r ﬁﬁ"??@
test was condictsd TH TRE" sAnRORENAEr TS AR ¥c ExappPesPcesgnd ©n ddeh
resul ts were switagrialWpehheheabesas matesa 411 fxagptesifl ang Cf%fl l'e
D1 (1) Preparatj ons.of. - Sshli ol _copprising fine particles of siliton
di oxi de havi n%téa .%ggr?%grltl&cl go&:‘a%r?(it gP oggﬁ. OtPag?n dr&Her s2d iBY a Pasl ek
conposed nui nifgsdingwet hanol to a concentration of 1% by wei ght was prepared
in substantially t manpe t hat of, Ex le Al. The tenperature "or
renmovi ng physi cal | I;%a sor édg%%érazfnr{t%i%ag?l ?ggsgolbqﬁgss TBOEE a§ 1 F@as drted
by a differentisal PEaERREPdarkd yspsdue?) tHval bandimgf tBesdghg St eeRghll nire
sol prepared iRedie abews i &L coat flat plate of a ™|
pol ysul f one regi n, and the,coaté%éf\gg?n J\'/\gsggggtq-bflreeaf%d&}r’r & ofhdiSthildis
of tenperat ur ESTRRYAG nBeVipEei fiodd ¢¥AmMpbee 4n TEMEN0 agLRMUD ,~-4hi @llkoxy
silicon di oxi deolug mavasyd oo %pd @PoliBe EES| t d : tact angle
of the filmwag 10  The fil mﬁztrgn th was l&@é’%ﬁﬁ?@"ﬁé} aév\hg Igyﬂf BoR Pest?
wherein the firPRECE Y asAEGH Rt h2 £QRithi 9F P aorat etberiogndspc f ornl0

B1'n, and aftaparmé.e:l(ulrag:,t e$hevvh@fei rb(;fvmghhqmpﬁoglgiaﬁge d'"“brgHSS B?SE??E%‘C
y neans of a 0 ape .(trade nane nuf act ured by Sum'tord

i s observed. ?hgp&es%téggﬁgréﬁ%rpq%%ﬁ E%E%Orﬁl%bbétﬂeﬁéatﬁh@ fine
t enp. 1301401502180 td@eathegselvesl 134dhi gheeorfing between the fine
film200200800 ft i Mt hrunpin ter (~)Contact

ang| e20201010%%$g%gq%%el ﬁ%ﬁ?@?&%ﬁ%%ﬁzo%ﬁo&%f%ﬁ Reteingle-aDn1begh

Fromthe resuFgdnfprced.apparent that the treatnment at a ter;, perature of
about 150 to 160C e®e pro¥bd@idsatysiactory, fi onréi[ﬁn strength. As is
apparent fromthe results of. F,lngsrrplll(laéiq,_ gﬁ)ésfi#g%l rd ct%éof’ g the
treatment at L8FRTAIRGr af§RE oRS8OWehdd asstpangt hofattkéacimky P&Esage)
practical useacktbridsngurdd i h&@dptBaknthg fid P Sid & n ke inproved Ry a
treatnent at a, n’gerature of agqut 150 {0 éfg%_)lgfr((‘ggigvgi?t‘i’a%eong%c“beg
Per f or mance ofBBc Fcfieﬁg?nrﬁ:@ad:o the accompanying drawings. Fig. 1 is a

schematic view of an ink jet recording head. In the
drawing, numeral 1 indicates a pressure chamber for



A first substrate and a second substrate each conprising a pol ysul fone
resin were washed and dried, and these substrates conprising a pol ysul fone
resin were joined to each other through a solvent cenent, and the resultant
l.am nate was heated at 80C for bonding. Thereafter, the nozzle portion of
the tip of the head was cut. The above-described silica sol was injected by
means o a punp into the recording head while circulating to coat the sol
on the surface of the polysulfone resin. _ The recording head was dried at
80C and heat - tPRERERLRE HOPTLEFUERe WIRAE . 1Mn thR rde&tdiany AREadn hiBk by

prepared, an ageshs808£A-khipETfiéIeReAR! | 5kNJal i RRaR3NY CleA%r¥nt . 26 The
silicon oxide was forned o ole surface o he passage_whi ch cones
n

n,the wh f .
into contact wWPFRSSHIARD TH‘E et oPAP A Sh et RRE P mAinPaF Ton2arf Bk Jedited
recordi ng devi eRroagt anprink ijer testzias3condugt.e® iAs anrealhtgedeictlas
om ssion of dot_not disturbance of prjinging.occurred, d_an_excell en
hydr ophi | i c ef?%ﬁ?lﬁﬁs%@z‘ﬁ% P’rPec}W%) i nAt hgfhgé&' $‘n‘e i ew‘égcﬁfgﬁﬂﬁa\%ﬁad
fromthe ink jis ribwomedngpiheddminac imerordi fijrbeadswbastabkewed trawimpd aat
70C for 5 days b | e di ar test was.conduc . cifically, an
i nk was suckedpagggrgucg?g)r?%reat g%g'f %.%fsrﬁli%ec&? or&g gliggn gg‘ﬁ. oft OP'E'f':l%r‘Féf1
and printing wasbstirete SoltRRiIRG nO detoovd ne Figi.ne3 t dke@n cznliaegddbhlies
remai ni ng W thie the,ga e m elyy di arged, and t bl §s sugh
as om ssion o‘bgota :%chi S?gguﬁgﬂ}cﬁso .p%?%t it)nbg. %gﬁge eli rri%at e%i.)élzb\s%‘é A
result, these £idlbPds QBB PTonpLéne padtighesed an ol rexganhct prddep

to 30 sec. Thuss iforaad conf khBEGHANA {RCePHENORRIdfLe @l HECltNBSink path
mai nt ai ned wi t hout get$r| oration and the bubbles forped within the i nE

passage coul d be eaSPFyiEEmoved Tyt SPMRTE ST har gkl BBerRRT bhclesafHl anp
- (1) PreparatiopnotgaBtk Axsiale cosppisividetii na gwWréhckae Gfntodtwd DasiAFackOd
form (Al um na Sgl ‘_5_12e0 rrlangf actured bq/ Ni gsan g;gﬁn‘i cal _lndustries, Ltd._l)l,was
diluted with ePhafdl® tB*5°28ACeiSRI of 0. 296y WBYNHtSt & JRYRraPhitdfe
sol. The tenpenature hecessa&oerfdimg enead ngt phitei ¢hldlye ddsoriess agé ewhiBh

this alumna s 2 easured - by i 1 |al _thermal analysis.
(2) Eval uati ongé?@%gﬁéi gqg%srgﬁggﬂkméansé;l nggp§r“e e']inéngt%(gga ocifén?f’eni:%fy
was coated on are| agpprlatve cifschardedar Piumeratedndegsignadte s ct ezlr e2sof

was heat -t r eat ggnundefe GoRght | @RS Pffifgper%% 128 tiJies spgelfig bl

Table 5. Thus, a 1 ;gymthick alum na m was Tt or on the resin ™ pla

and the cont acBUBREFETEF the filns was 15 to 20. The film 27 strength was
eval uated by apygEgktibaWdest BRlCambaARE iREE!F ik (B8 i B1EIR S REL
as that of Exa . € results are given |
tenp. 11012012 OSeating time6ll 31 61Thi ckness of filnx
0. 10. 20. 51lafter waghendnM t bagsagay aticding | BhCHéChresent invention
angl e3020202020TapeIP eelin aee%_e(K 0.,1111Cont act angl,e- 30202020 .rom t he
results, it iscaPparentPITAICThe B eFLTERT SRR t enpePgt uPBTSECABSUPE 12801 o
130C can provi ilecagaaticsfaxidey ifri | m beouniltaglet reabvéntAstd s gpear antsdrpm

the results O apl.e fi bj o] treatnent at a

t enper at ur e ofcgéggﬁgd t"g%estrrsg%gt%rl &?#sf%‘g’%ggfléf ooraf p&gst iAt Ba§sage jqnd
sur prising thadryhagf the soedrigigh can be inproved by a treatnent at a
tenperature of abouprpl2Qd10 L3306 Eval L,on .qf :Parfo e Q0 .
Recordi ng Fead A first, subst rgt%y&]g)}% sec%%és§ gttrlacteleefse%gﬁgg‘or%pé?%?'%ﬁl%
pol ycar bonat e PE3FR WErSPeRSFedthRASHR BY aBE tthecpomercieliy mvabhalete

were masked bychapi Ng,ExfhBds Olotl henbi k§o1 Then @boae- dasss b bedhaldud 112y $9!
was coated on the_igg&gce of the polycarbonate resin by dipping or spin

Y.
coating. The cB&Et s Tt NFAgataCheRica br I89HS tTE a%rmobEd physictal 2§
adsor bed wat er sapdteat (radwmnearkd 1200 3opodd | i g¢ &, umd pagparpiclayy dhe
mask was rem)v?d .agd t hese_substrat.es con&:i sing a ,pol ycaibgnate resin
were joined to' 82¢hA%o@& TRTBUGh 53 KBS &5 &en@ﬁ'ﬂ",mé’r?d $Re~+80un 20% and
| am nat e was hBafedwat cB0@rfeoredmmdimae Luhen&as b, ahde ziazsdE HAd1 am of
the tip of the ad S gl ecor di head_t hus_._28 prepared, an
about 0.4 r, cmztB i’c%wﬁ_la%lacgr?paﬁ(gkﬁ‘gq i‘iln"ree pé;%f? f e§l5F°8|lﬁn‘isﬁ§)Was formed
on the whol e surfacé&tofist l#d ssaPssgabiie o covktizat o Eankagtaiitdl egrof Nkn
This recordingjhga d ki, et [ vi,ce.  and a
printing test \}vgg gg\rﬁ{gﬁc?ﬁgmﬁs pg%rdgls%lﬁ?, bkei“t‘%tgl‘rgg%%i s%%sg:n o Eddof'nno’f‘nc’wn
di st ur bance of SPENAEARG -occHik Flodr e8RECEN toxdBie ehnowpdmeghiodse efd bxtenas
confirmed within the head. Printing was continuously conducted at room
tenperature for 1000 hr. No printing failure was observed, and a good
|l ong-termreliability could be attained. The ink was wi thdrawn fromthe ink
jet recording head, the recording head was allowed to stand at 70C for 5
days, and a bubbl e discharge test was conducted. As a result, no trouble
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The sol prepared in the above item (1) was coated on a flat plate of a

pol yet hersul fone resin, and the coated resin was heat-treated under
conditions of tenperatures and tinmes specified in Table 6.~ Thus, a 2
;umthick filmwas fornmed on the resin plate, and the contact angle of the
films was 20 to 25. The film strengthgwas evaluated by a water flow test
and a tape peeling test in 29 the sanme manner as that of Exanple DL.
given in Table 6. Table 6 The results are Heating

tenp. 150160170170180 ingAti 1 [ ess. of ghulrfa10. 4K Colloid
0.1122after wWAEHi #9@ Wﬁ%u%ﬁ’i r%@v\%etl%ré%ra%y?@@r?a%% gngl_e403g28252 T

peel i ngpeel edpadl ddgzxatecECARGFe- 2552995 FF o PRE )r 6T 1 8107 Y0928,

apparent that nggmtirceag@gmtgh x4 enpgpabone Of9sPpUEck70AL90]B0Bacdwara
provi de a satrsfactory filmbonding s rg‘ggth. As |s‘_§g§arzqt9 1r)omot§1e The
resul ts of Ex&bpl 8133, EHOIGIHWbj¥ht LHTRRRYL YeathiAt A g’terrperat ute
of 80C had a ghrardich satiiehactofy Japamws adBaa) 848, (19P4 )sufpri shhgPihat
the filmstrength can be inpr,oved by reat.nent _at .a r.at ahqut
170 to 180C. (ZSPzEPélSL?éthRSF F%‘P‘? ofﬁé c;e%&?SEZR%’ %F&li n%’?gggd Afgig?‘g% W
substrate andaa.segwitk mabss £ arheedel acdrprSas et v bl Japasr s8R oRé et
wer e washed and dried, and these substrat npr i;Si a et sul fgane
resin were joi(llrégst)o ée%‘ghgoéher%%trﬁ;ig‘%%raaﬁée%gf(f/ .gdhgg}°ve@%%d taﬁg: &3
resul tant | amicnate 2t8s hé&Bed afo80T ¥Q@y, befhdi-ng.. The above-descri bed sol-

was injected by neans of a punp into the recording head .while-circulating
to coat the sol on the surface of the polyet hersul'fEne resin. The recar t:_i‘ng

head was dried at SU@ as¥ntheriresdt (fia® SR RE13808 0 THnEREBRRLC OX1
Thereafter, tgg 0ZZ £ POQ L ANa0E kA BN L1 vdiee hepdp@sacet a bolt.he The

- recordi ng head thus “prepared, an about 400 ~-thick film corfpri sing go a

fine particl eSHNVETY 2fas? f GHfRe o ThePe@idfe Bo¥f Xfe BF 1ERESasEAg

whi ch cones i RiELORACtett Nofn dAkanTbi Ssokeendsngwhéat wasveourdt echiogh an
ink jet recording device, and a_printing.test was cond ed..i.n & -
nmanner as thatwﬁqca&’ajn’p’?%sw ghaﬁgeD?.at‘ﬂ%é'aﬁés%ﬂ t%‘?‘éyrg%bﬁ‘gntsihgl‘lay he"
sane as those fe Exampl pasBhqandaRd Esanpbe FEr¢de RiteparseonmefteSulaly ne

particles of siligcon dioxide _having pafid i : 0. 51

( AEROSI L 200 r?eFrﬁr‘fcearc{% ed<B§™ ?Sﬁonoie?gcg% a%%ﬁ{%ﬁ&mﬁgéégéper@écdl@nea
m xed sol vent reomry &t hg BO%cmp Lsei sphth o semedddAnEnd SHURBY LveiRfRPHTOL,

2- et hoxyet hangl .o C n I fa k%0 by i iriF0 bhecHbsRer s8R Vs
added 0. 1% byq?/'\'k‘t%rhc?lo IHeiliran' %ggiblxgr%éﬁf A Agéqgg grngﬁuf actured by Chisso
Corporation) asthydidmee @UpFPAg azeft . IRy ClbHlct | MR FRcoSHTY HER
and its Eval U%éf’&%&ﬁ%ewgﬁw ahorandna ,SeeantoXylsly atasiRhch ofmr isd ng
a pol ysul fone resin re washed and drigd, d thgse substrates corr.pt;ési ng
a pol ysul f one fFesnkcw@q ni AEGHE Ath otada PKROAGh 3D vAR® e *And
the resultant )gai naigedassbeabadsat cBRGLie neondiixgurke afove:idesabdes

silica sol was_jnjected b ans of.a pu into i a I

appl yi ng suct iwpﬁﬁﬁlﬁﬁcé‘?g‘i&)’l r?’tfé%gr vaé@%yég%&g%&g%%%ﬁ&
recordi ng headofashar hbdvat AXPemrichd medbazvietpoveteon off widhard pojanhe
head was cut. In,the_recording. h t r r.ed,.jan;aboyt thy
filmconprisi gt BB Barti T o?ta}g? I irﬂbt:écs').’néod?‘%%e ga\/}asl?orﬁed}%srlyﬁlehiv@g?re
surface of theapassajye wiriectpacdriilianky core@rr®¥th an ink. This recording

head vas mounted onggnghi Idtls dECAHE Nofifé £ 2a1 802 2B bBlING d1eSHa YiaBe
conducted. As a result, neither om ssion of dot nor disturbance of printing

occurred, and Bunrekeal | @htuhgdr ophili @ ePREEEPUES TONTER FredWMi%thi FCt HgSe-
head. The ink was whihd aMivertds from bhepkBkerablyeaekd g heasbledet in
recordi ng head was allowed to stand at 70% for 5 days, and a bubble

di scharge testtha§ €88@u&Sed®Specifically, an ink was .sucked at a suction
rate of 0.1 nl/sec frae azfiouar peti othef fime, pard iliest bifg 4s ihmenganic
conducted to determne_a tinme taken for_the | es. i Ni it hiyn .t h
passage to be O&iPEet&ly HHEcHH edsanBrFESlﬁgggg' s%%ésgg @m@gswo&n (%'Itb%doﬁy
and di st urbancee@ighrr,i neitid 1t opbefelrabiliyat elouls @.02suia, 2theby tvelpghss
could be conpletely elinnated i.n suctj.on ti f Se :
Specifically, i e na}f‘?‘rlrﬁg tlﬁaraLets e Wo?nﬁ?‘?cbéf wEggtcﬁl\/\"/a{sCtnr%aellﬁ al e
wi t hout det eri @ioats ity laindy t herabulbbl ésorfayerszbws t bbatihe icdk pessagéadoeld
be easily renoved by a sinple discharge operation. Sxanpla H2 (1)
Preparation of Sol A sol conprising . fine particlesof alu*~i:~a in a rod
form having a nean particle diameter ~ of 0. 02 ;:m (Alum na Sol 520
~manuf actured by Nissan Chemical Industries, Ltd.) was diluted with nethanol

to a concentration of 0.5%by weight to give a dilute sol. To the
di spersion was added 0.05% by wei ght of am nosilane (SH6020 nenufactured by

— S ~ oy



The above-described alunmna sol was injected by means of a punp while
appl ying suction into a recording head conprising a first substrate which
conprises a stainless steel plate having a pattern groove conprising an
acrylic photocuring resin for an ink passage and a second substrate
conprising glass and chronluntsputteregbthereon and excess sol was then
renoved by enpty suction. The recordi ng head was dried at 140C. In the

recording head thus prepar ed, an about 800 ~,-thick filmconpri si ng fine
particles of algym V\ﬁéhéer RRAAQN H@]meﬁ&st Cexgk © e By
cones into cont act wth an ink recor d?n x eg ted §EE'

an ink jet recd‘-r"msngl-’de‘wlﬂéévoéﬁélg SRLsEtiye af W%bﬁﬁu@fedh%@aﬁsage

result, neither om &&{oeh@f ot , gk ch§tgu_ggnc®gglmé NkioNth @& CWr r&dl&._(g
an excel | ent hydro (5“ lic effect gaconf rmed within the head.

wi t hdrawn from® KCPEPELY di hGThedde t RUTRLDR I R he’a{?:lpﬁﬁglé’lg ow’é@ld
to stand at 70@ﬁ‘aulﬁﬂmyg t&mﬂ allswsetdh sehar@eet@tne/va@amdu@sedfl Nan

t he sane manner, as that of ecificall s_sucked at a
suction rate of- ™ ’/%eg g \Fen Id ﬁ'r%c%ﬁ pc\Fq%1 {(??tgié\ﬁasghe
t hen conduct ed sur fteteer o fie 'ahel nélnakepattbncﬂleé bubflogs rexempiieng W t hi bs
t he passage totfﬂreefé]:? tely sghan gad ._qrhq_ roub a on, o
dot and di st urbance é%r?%t f‘gl‘gi t%o@t)e el1m n‘%’;tt(e)ljcrjl éﬁsaggrﬁggu?}for%hh&{t Lk 501
troubl es coul d tise oy eveighéliminated in a suction time of 1 to 5 sec.
Specifically, it wasppf iy medybRahgt h r i ffect i i

W t hout deterioration andat he B bbl és %?érfrgdq\%]t h’dﬁeﬁ e€§nkg\ﬁ§ggggg&go%
be easily remBFRBE® sPhpl ELERSSHALFE NGpertdtd oRoEanpetvesn(1xhe fine

Preparation of t = B8 o £0HR! i forganlike Pardd A6S he Zh n
havi ng a nean ;%Htllcl e d?gggéerl of %a.nz()? ~..C F& Zi rco?u aégg Hé@gq?@% the

" manuf act ur ed b)?“}‘iﬁ"srh%n"éh AFL1PRdUSt r PESIeredly waRouE| R e¥0hi thP als by
sol vent conposeg gt y whemetthfmdmd@n’a @ﬁnaeatlrtabnortsaflngZ%Eh Ve it g
and 0. 02% by WLE? ht of gI Ci )d_gx%g thox i l.ane_was added t her eto
as a silane co ﬁg (37 B dthg FRYRLARG PEent is
Eval uati on The a&hxmmeﬂscrobedhm othrira hsaaid ,vvaes'temjtem:eealmbynﬁeattfs a@fd i JBHP
whi |l e applylng t ng ad conmri s bs

whi ch conpri sesgngt:%te{éa)tg;sIlQ g?g %Q;Lrpd tg?fgrn %Poov%gg%?r%”‘s ukﬁ gcraiﬂ
phot ocuri ng re§|tratf1drlfa’ﬂ ¢ﬁktbassaéepandsa decepdidigsst r at e corrprl si ng
silicon and I TO sputg ih N [%ri% es e e e ty
suction. The 33 recrgér di ng Eégg rlf\éeﬂg a% %Lgé%:%antttahghé egg)tédg’n%%hagg)
thus prepared, T®outS 0. 1'20 ~rRankERuUIAT m kbRbERSLAD aoRi nEhpar medheodf of
zirconi a was f%gﬁﬁq; q%]tbseweahetwrtfxﬁé:elm ﬁ@@sﬂ?éséae% dx CQ”?éy'e@t ¢

contact with an’ink. i s recordi ng_head WAs_ noun on an ink

recordi ng devi &&€ a#@laS5M nbe n&"Fé’éLtY Verredhdast dde Aéuéfﬁégulctf ﬁ}éf-‘t Hayk

om ssion of dopaxyadh st UEbREcer9f thel Rippld cRGGWH &F @m@l ao1epgelbant ng,
hydrophilic effect was contirnmed wthin_ t{he head. The é was_Ww t hdr awn
r

fromthe ink j &GRS di nE Red&P? t'tlt‘}'ég'reﬁ Fdi tF mRE %’ée | ovieeF ERe %y artdreat
70C for S dayscoatdregg bmbgl dali sohdugeetiedly vmssamﬁimged ire¢dELd 5AGE head
manner as that | enAE4 goP8Ci i n_i u a suction
rate of 0.1 m/agec or afnl \%é g'rl de&ﬁ%é%’n@ E 1‘3@?1&% (r:#g(;ﬁ%\/ag FhBRssag
conducted to déhdrld rﬁPBtlYi-ﬁé ﬁaﬁéhoﬂob}’t W@alm@bl@lfe§ rRURD ndngthet bilket amd
passage to be GUHNSIEL Yesb atged 0 onmission of dot
and di sturbance of ‘grr%ttel ngégg ggetlﬁ%shlgﬁ gﬂb}? %ﬁ?e%slu t°, these troubles
coul d be conpl etel y T8 ntha€kaess ffsdde @ol i heyer mayo ke sdetermined by
Specifically, idaas; coRd | ERREKhBaL biRe thwdry I ef lengy

wi t hout deteri oraatl on and the bubbl etsjgf (g'l?)r%e \?\'n!ﬂl!t hdlf(r:l thf'feﬁli:énkﬁs\%gtsggggé %gul gl
be easily rerm\}étPthl%l%%@edigéﬁaﬁeésééélféttll@ﬂ 34 CLAIMS 1. An ink

passage having a surffger weheh s gs hag?waal it fiHen sghakpaet & 5€H’e' 'ink
t hat thefllmg’&f} corrpr esflne artl.c ani ¢ oxi de having

an.inor
hydrophilic gr %gaef'd ﬁes at"rt’r | 85168¢ ngOTE}'bﬁ]d‘EHY%B eJ&Y ot??teFoaﬁb‘cfiéidng
present in..saiat f il ntemparaitzeeandranmbote Wiagablpaots evkbotiadiing the
hydrophi | i C|ty f cause rap| d.di scharge of bubbles forned
within the ink dtl éé}%fﬁ% ﬂ%ﬁlpﬁk p§§§a§§ E@&&'m%g’gﬂ“ FHRF S V\ﬂeregﬁntehe
fine particles pa‘rtamlmrgéfm @mnoxi eongantonposddenaimdying am 0 tiee af tat
| east one el enent selected fromthe group consisting of alum nium
zirconium silicon, titanium tin, indium zinc, |ead, germanium hafnium
chrom um copper, i ron, cobalt, ni ckel , manganese, vanadi um ni obi um
tant al um and nol ybdenum 3. An ink passage according to claim1, wherein
the fine particles of an inorganic oxide have a nean particle dianmeter of
50 ~ to IO ~m 4 An |nk passage accord| ng to cIa|m1 whereln the film

o, o Y .



11. A process according to claim@8, wherein the sol conprises a solvent as
a di spersing nedium said solvent being conposed nainly of an organic
solvent. 12. A process as clained in claim7, wherein said fine particles
are conposed mainly of an oxide of at |east one elenent selected fromthe
group consisting of alum nium zi rco%’i m silicon, titanium tin, indium
zinc, lead, germanium hafnium chro m copper, iron, cobalt, nickel
manganese, vanadi um niobium tantalum and nol ybdenum 13. A process as
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di aneter of 50 10 ~ process as c
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P'10% & ()-aCrPBaticleg of an inorganic oxide can be de;ermlﬁed for
example, <£from an endothermic peak obtained by a
differential thermal analysis. This temperature varies
depending upon the size of the fine particles. The
smaller| the particle diameter, the smaller the dizmeter
of the |pore between fine particles and consequently the
higher |the temperature for removing physically adsorbed
water. | Further, with respect to the fine particle shape,
there 1s a tendency that the temperature for removing
physically adsorbed water in the case of the spherical
shape is higher than that in the case of a feathery or
fibrous| shape. The temperature for removing physically
adsorbed water of the fine particlesof an inorganic oxide
utilized in the present invention is generally considered
to be apout 110 to 200°cC.

Acpording to another preferred embodiment of the
present| invention, the drying is conducted by heating to
a heat| deformation temperature of the base material.
‘When the base material comprises a resin or comprises a
composite structure having a surface comprised of a
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oxide is deposited on the surface thereof is heated, the
film is fixed through fusion or the 1like, which
contributes to an increase in the strength of bond of the
film to the surface of the resin. The bonding strength
can be improved by increasing the heating temperature.
However, it 1is preferred to avoid heating to a
temperature above the heat deformation temperature of the
resin from the viewpoint of the accuracy of the form.
Although there is no strict physical definition on the
heat deformation temperature of the resin, in many cases,
the heat deformation temperature generally refers to a
temperature at which the resin is deformed under a lo0azd
of 18.5 kg/cm?. In the present specification as well,
the term "heat deformation temperature" is intended to
mean the temperature defined under this condition.
Similarly, when the base material comprises glass or
comprises a composite structure having a surface
comprised of a resin, it is preferred to conduct the
drying through heéating to a temperature up to the glass
transition point of the glass.

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

A silica sol comprising fine particles of silicon
dioxide having a mean particle diameter of 0.02 um
dispersed in a solvent composed mainly of ethanol to a
concentration of 0.1% by weight was prepared as follows.

Fine particles of silicon dioxide Qaﬁé prepared by
stirring ethyl silicate 1in the presence of a basib
catalyst (ammonia) in a mixed solvent comprising ethanol
and water and allowing the mixture to stand for several
days. The reaction mixture containing the fine particle?
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#4109 & ()- S conpdOsbhs &) POUPHIEELE Be §1 nSwbl¥O¥AIed Wa dried, and
10TTVV““XXXXXZl£E%e10§J§strates comprising a polysulfone resin were
joined to each other through a solvent cement, and the
resultant laminate was heated at 80°C for bonding.

The above-described silica sol was injected by means
of a pump into the recording head while applying suction.
Thereafter, excess sol was removed by empty suction to
coat the sol on the surface of the polysulfone resin.
The recording head was dried at 80°C, and the nozzle
portion of the tip of the head was cut. In the recording
- head thus prepared, an about 0.2 um-thick film
comprising  fine particlesof silicon dioxide was formed
on the whole surface of the passage which comes into
contact with an ink. The vicinity of the passage of the
cross section in this recording head was as shown in Fig.
3. In Fig. 3, numeral 31 designates a film of silicon

dioxide and numeral 32 a bond area of a solvent cement.
This recdrding head was mounted on an ink Jet
recording device, and a printing test was conducted. As
a result, neither omission of dot nor disturbance of
printing occurred, and an excellent hydrophilic effect
was confirmed within the head. The ink was withdrawn
from the ink jet recording head, the recording head was
allowed to stand at 70°C for 5 days, and a bubble
discharge test was conducted. Specifically,. an ink was
sucked at a suction rate of 0.1 ml/sec for a given period
of time, and printing was then conducted to determine a
time taken for the bubbles remaining within the passage
to be completely discharged and troubles such as omission
of dot and disturbance of printing to be eliminated. As

a result, these troubles could be completely eliminated
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confirmed that the hydrophilic effect was maintained
without deterioration and the bubbles formed within the
ink passage could be easily removed by a simple discharge
operation.
Example A2
(1) Preparation of Sol

An alumina sol comprising fine particleéof alumina

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

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

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

Example A3

(1) Preparation of Sol

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

(2) Production of Recording Head and its Evaluation

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

The above-described titania sol was injected by
means of a pump into the recording head while applying
suction. Thereafter, excess sol was removed by empty
suction to apply the sol to the surface of the
polyethersulfone resin. The recording head was dried at
80°C, and the nozzle portion of the tip of the head was
cut. In the recording head thus prepared, an about 3
pm—thick film comprising . fine particles of titanium
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dioxide was formed on the whole surface: of the passage
which comes into contact with an ink.

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

Example Bl

(L) Preparation of Sol

A sol comprising fine particle‘é of SiOz-ZrOz-Ale3
(510,:2r0,:A1,04 = 70:20:10, weight ratio) having a mean
particle diameter of 0.05 um dispersed in a solvent
composed mainly of acetonitrile to a concentration of
0.1l by weight was prepared as follows. The composite
fine particle of silica-zirconia-alumina was prepared by
refluxing ethyl silicate, =zirconium tetrabutoxide and
aluminum tributoxide in octanol, adding acetonitrile and
water thereto and stirring the mixture to conduct
hydrolysis. Then, the reaction mixture containing the
above fine particles was concentrated, and acetonitrile
was added thereto to give a sol comprising _: fine
particles dispersed in a mixed solvent comprising 70% by
weight of acetonitrile, 20% by weight of octanol and 10%
by weight of other solvent.
(2) Production of Recording Head and its Evaluation

A recording head wherein a film comprising fine
particles of 'Sioz—Zroz-Alzo3 was formed on the whole
surface of the passage which comes into contact with an

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

Example B2

(1) Preparation of Sol

A sol comprising - fine particles of S§10,-2r0,-Na,0
(81i0,:2r0,:Na,0 = 70:25:5, weight ratio) having a mean
particle diameter of 0.02 xm dispersed in a solvent
composed mainly of methanol to a concentration of 2% by
weight was prepared as follows. The composite £fine
particle dispersed in this sol was prepared by refluxing
methyl silicate, zirconium tetramethoxide and sodium
methoxide in methanol, adding acetonitrile and water and
stirring the mixture to conduct hydrolysis. Then, the
reaction mixture containing the above fine particles was
concentrated, and ethanol was added thereto to give a sol
comprising = fine particles dispersed in a2 mixed solvent
comprising 90% by weight of ethanol, 9% by weight of
acetonitrile and 1% by weight of water.
(2) Production of Recording Head and its Evaluation

A recording head wherein a film comprising a fine

-particle of SiOé-ZrOz-NaZO was formed on the whole

surface of the passage which comes into contact with an
ink was prepared in the same manner as that of Example
Al.

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

Example B3
(1) Preparation of Sol
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A sol comprising =zirconium oxide having a mean
particle diameter of 0.02 um dispersed in a solvent
composed mainly of ethanol to a concentration of 0.5% by
weight was prepared as follows. The fine particlesof
zirconium oxide were prepared by dissolving =zirconium
tetrabutoxide in butanol, adding acetonitrile, a
cellulose surfactant and water and stirring the mixture
to conduct hydroly51s. The reaction mixture containing
the fine partlclesof titanium oxide was concentrated, and
ethanol was added thereto to give a sol comprising fine
particles dispersed in a mixed solvent comprising 95% by
weight of ethanol, 3% by weight of butanol and 1% by
weight of each of acetonitrile and water.

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

comprising a polyethersulfone resin were washed, dried

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

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

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

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

(2) Evaluation of Bonding Strength

The silica sol prepared in the above item (1) was
coated on a flat plate of a polysulfone resin (heat
deformation temperature: 175°C), and the coating was
heated and dried at temperatures specified in Table 1 for
one hour. The resin plate thus prepared was subjected to
measurement of an initial contact angle of water and a
contact angle of water after rubbing the resin plate 100
times with a2 silicone rubber in an ink or a pure water.
The results were as shown in Table 1.

Table 1

Treatment temp. 130{140}150({160(170 180

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

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

Contact angle after 40 | 30| 2010 {15 -
rubbing in pure water

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

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

(3) Evaluation of Performance of Recording Head

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



, ;& ()- SWN !

~10% ;

& () -

~r0%; (& ()- ! M0%; ;& ()- ! 0% ;& ()- n8 "109%WN
0% ; ;& ()- ~0%; ;& ()- "M0%; ;& ()-

2

joined to each other through a solvent cement, and the
resultant laminate was heated at 80°C for bonding.
Thereafter, the nozzle portion of the tip of the head was
cut.

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

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

Example C2

(1) Preparation of Sol

An alumina sol comprising fine particlesof alumina

“ having a mean particle diameter of 0.02 um (Alumina Sol

520 manufactured by Nissan Chemical Industries, Ltd.) was
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diluted with ethanol to a concentration of 0.2% by weight
to give a dilute sol.
(2) Evaluation of Bonding Strength

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

Table 2

Treatment temp. 90 [100(110}120(130 140

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

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

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

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

As is apparent from the results of Example A2, the
film subjected to a treatment at 2 temperature of 80°C
had a strength satisfactory for practical use. It is
surprising that the film strength can be improved by a
treatment at a2 temperature of about 120 to 130°C.

(3) Evaluation of Performance of Recording Head

A first substrate and a second substrate each
comprising a polysulfone resin were washed and dried, and
the portions to be bonded were masked by taping, resist
or the like. The above-described sol was coated on the
surface of the polycarbonate resin by dipping or spin
coating. The coating was maintained at 125°C for one



1'110%

I 10%

& ()-sia! i10% & ()- ! i10% & ()- i10% & ()- 5Wit=! i10%

& ()- xBW i10% & ()- 5WAt=! i10% & ()- !

22

hour, the mask was removed, and these .substrates were
jointed to each other through a solvent cement. The
laminate was heated at 80°C for bonding. Thereafter, the
nozzle portion of the tip of the head was cut. In the
recording head thus prepared, an about 0.4 um-thick film
comprising fine particlesof alumina was formed on the
whole surface of the passage which comes into contact
with an ink.

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

Example C3

(1) Preparation of Sol

A zirconia sol comprising zirconium oxide having a
mean particle diameter of 0.07 pm (Zirconia Sol NZA-20A
manufactured by Nissan Chemical Industries, Ltd.) was
diluted with methanol to a concentration of 1% by weight
to give a dilute sol.
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(2) Evaluation of Bonding Strength

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

Table 2

Treatment temp. 160{170|180}190200 210

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

Contact angle after 40 | 35125 (30 30 - -
rubbing in ink

Contact angle after 40 | 351 30|30 |30 -
rubbing in pure water

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

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

had a strength satisfactory for practical use. It is

surprising that the f£ilm strength can be improved by a
treatment at a temperature of about 170 to 200°C.
(3) Evaluation of Performance of Recording Eead

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

The above-described sol was injected by means of a
pump into the recording head while applying suction to
coat the sol on the surface of the polyethersulfone
resin. The recording head was dried at 80°C and further
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maintained at 170°C for one hour. Thereafter, the nozzle
portion of the tip of the head was cut. In the recording
head thus prepared, an about 0.2 um-thick film
comprising fine particles of =zirconium dioxide was
formed on the whole surface of the passage which comes
into contact with an ink.

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

Example D1
(1) Preparation of Sol

A silica sol comprising fine particlesof silicon
dioxide having a mean particle diameter of 0.0l um

dispersed in a solvent composed mainly of methanol to a
concentration of 1% by weight was prepared in
substantially the same manner as that of Example Al.

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

(2) Evaluation of Bonding Strength

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

Heating temp. 130 140 {150)150 | 160
Heating time 1 1 1 3 1
Thickness of £ilm 200 200 |800(1000(1000
after washing with
running water (A)

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

Contact ancle - - 20 { 10 10

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

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

(3) Evaluation of Performance of Recording Head

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

The above-described silica sol was injected by means
of a pump into the recording head while circulating to
coat the sol on the surface of the polysulfone resin.
The recording head was dried at 80°C and heat-treated at
160°C for one hour. 1In the recording head thus prepared,
an about 800 A-thick film comprising fine particlesof
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silicon oxide was formed on the whole surface of the
passage which comes into contact with an ink.

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

Example D2

(1) Preparation of Sol

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

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

(2) Evaluation of Bonding Strength

The sol prepared in the above item (1) was coated on
a flat plate of a polycarbonate resin, and the coated
resin was heat-treated under conditions of temperatures
and times specified in Table 5. Thus, a 1 um-thick
alumina film was formed on the resin plate, and the
contact angle of the films was 15° to 20°. The £film
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strength was evaluated by a water flow test and a tape
peeling test in the same manner as that of Example Dl.
The results are given in Table 5.

Table 5

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

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

Contact angle - 30 20 | 20 20

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

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

(3) Evaluation of Performance of Recording Eead

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

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

Example D3

(1) Preparation of Sol

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

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

(2) Evaluation of Bonding Strength

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

Table 6

Heating temp. 150 160 1701170180
Heating time 1 1 1 3 1
Thickness of film < 0.1]<0.1] 1 2 2
after washing with
running water (um)

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

Contact angle - - 25 | 25 25

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

' As is apparent from the results of Example B3, the
film subjected to a treatment at a temperature of 8§0°C
had a strength satisfactory for practical use. It is
surprising that the film strength can be improved by a
treatment at a temperature of about 170 to 180°C.

(3) Evaluation of Performance of Recording Eead

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

The above-described sol was injected by means of a
pump into the recording head while circulating to coat
the sol on the surface of the polyethersulfone resin.
The recording head was dried at 80°C and then heat-
treated at 180°C for one hour. Thereafter, the nozzle
portion of the tip of the head was cut. 1In the recording
head thus prepared, an about 400 A-thick film comprising
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fine particlesof ZrO, was formed on the whole surface
of the passage which comes into contact with an ink.

This recording head was mounted on an ink jJet
recording device, and a printing test was conducted in
the same manner as that of Examples D1 and D2. The
results were substantially the same as those of Examples
Dl and D2.

Example El

(1) Preparation of Sol

Fine particles of silicon dioxide having a mean
particle diameter of 0.01 wxm (AEROSIL 200 manufactured
by Nippon Aerosil Co., Ltd.) were dispersed in a mixed
solvent comprising 50% by weight of ethanol and 50% by
weight of 2-ethoxyethanol to a concentration of 1ls by
welght. To the dispersion was added 0.l1l% by weight of
aminosilane (SILA-ACE S330 manufactured by Chisso
Corporation) as a silane coupling agent.
(2) Production of Recording Head and its Evaluation

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

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

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

Example =2

(1) Preparation of Sol

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

The above-described alumina sol was injected by
means of a pump while applying suction into a recording
head comprising a first substrate which comprises a
stainless steel plate having a pattern groove comprising
an acrylic photocuring resin for an ink passage and a
second substrate comprising glass and chromium sputtered
thereon, and excess sol was then removed by empty
suction. The recording head was dried at 140°C. In the
recording head thus prepared, an about 800 A-thick film
comprising fine particlesof alumina was formed on the
whole surface of the passage which comes into contact
with an ink.
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This recording head was mounted on: an ink jet
recordiné device, and a printing test was conducted. As
a result, neither omission of dot nor disturbance of
printing occurred, and an excellent hydrophilic effect
was confirmed within the head. The ink was withdrawn
from the ink jet recording head, the recording head was
allowed to stand at 70°C for 5 days, and a bubble
discharge test was conducted in the same manner as that
of Example Al. Specifically, an ink was sucked at a
suction rate of 0.1 ml/sec for a given period of time,
and printing was then conducted to determine a time taken
for the bubbles remaining within the passage to be
completely discharged and troubles such as omission of
cdot and disturbance of printing to be eliminated. As a
result, these troubles could be completely eliminated in
a suction time of 1 to 5 sec. Specifically, it was
confirmed that the hydrophilic effect was maintained
without deterioration and the bubbles Fformed within the
ink passage could be easily removed by a simple discharge
operation.
Example E3
(1) Preparation of Sol

A sol comprising fine particles of zirconium oxide
having a mean particle diameter of 0.07 4™ (Zirconia Sol
NZS5-20A manufactured by Nissan Chemical Industries, Ltd.)
was diluted with a solvent composed mainly of methanol to
& concentration of 0.02% by weight, and 0.02% by weight
of 7-9lycidoxypropyltrimethoxysilane was added thereto as
a silane coupling agent.

(2) Production of Recording Head and its Evaluation

The above-described zirconia sol was injected by
means of a pump while applying suction into a recording
head comprising a first substrate which comprises a glass
plate having a pattern groove comprising an acrylic
photocuring resin for an ink passage and a second
substrate comprising silicon and ITO sputtered thereon,
and excess sol was then removed by empty suction. The
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L10% & () - thus 'prepared, an about .2 um-thick film comprising a
fine particle of zirconia was formed on the whole surface
of the passage which comes into contact with an ink.
This recording head was mounted on an ink Jet
recording device, and a printing test was conducted. As
a result, neither omission of dot nor disturbance of
printing occurred, and an excellent hydrophilic effect
was confirmed within the head. The ink was withdrawn
from the ink jet recording head, the recording head was
allowed to stand at 70°C fcor 5 days, and a bubble
discharge test was conducted in the same manner as that
of Example Al. Specifically, an ink was sucked at a
suction rate of 0.1 ml/sec for a given period of time,
and printing was then conducted to determine a time taken
for the bubbles remaining within the passage to be
completely discharged and troubles such as omission of
édot and disturbance of printing to be eliminated. As a
result, these troubles could be completely eliminated in
a suction time of 1 to 5 sec. Specifically, it was
confirmed that the hydrophilic effect was maintained
without deterioration and the bubbles formed within the
ink passage could be easily removed by a simple discharge

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

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

and molybdenum.

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

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

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

or a metal or a composite material.

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

7. A process for coating a base material of an ink passage,
said process being characterised by the steps of (a) coating
a sol comprising fine particles of an inorganic oxide

dispersed therein on the base material whereby to form a
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present in said coating in a size and amount which imparts
sufficient hydrophilicity to the base material to cause rapid
discharge of bubbles formed within the ink passage.

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

adsorbed water.

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

10. A process according to claim 8, wherein the sol further
comprises a coupling agent.

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

mainly of an organic solvent.

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

tantalum and molybdenum.

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

particles have a mean particle diameter of 50 & to 10 Lm.
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