-1 -RECORDI NG MEDI UM AND RECORDI NG METHOD WHI CH MAKES USE THE
@ACE@RCUND_TO THE | NVENTI ON 5 FI ELD OF THE IEEEK§$EKI E§;7
*nvention relates to a recording nediumand to a recordi ng nmethod using
that medium Mre particularly it relates to a recording nediumthat can
give 10 recor ded | mages havi ng good col our form ng
characteristics, ink dot shape, etc. and to the use of that recording _
mediumin ink jet printing. RELATED BACKGROUND ART 1 5 The nethod of ink
jet recording works by generating small droplets of ink using various
recording liquids (hereinafter referted to as I nk) and various

di scharging systens. Such _discharging syste ncl yde 20 el ectrostatic
attraction systens, REQQRDENG Mg "égg—éﬁﬂagﬁgn );NEUME% PPon or

di spl acenent is inparted to ; S | ezoel ectric el enent,
and a system where use is Qﬁsnﬁéﬁ TRE Eof d when a bubble is

A.l

formed in the ink by the action of heat. 25 The ink droplets are
pernmtted to fly fromthe nozzle and becone attached in part or in whole
onto a -2- recordi ng meg ACRGROUKD 280 PRHE! INVENBIONCOr di ng net hod

5 FIELD OF THE INVENTION

This invention relates to a recording medium and to a

- : récdrding method using that medium. More particularly
it relates to a recording medium that can give

10 recorded | images having good colour forming

| chéracteristics, ink dot sﬁape; etc. and to the use of

that recording medium in ink jet printing.

RELATED BACKGROUND ART - -

15"
The methbd of ink jet recording works by generating
' small droplets'of_ink using various recording 1liquids
(hereinafter referred to as ink) and wvarious
disCharging éystems. Such discharging systems include

20 electrostatic attraction systéms, systems where a
mechanical vibration or displacemgnt is imparted to
the ink by means of a piezoelectric element, and a
system where use is made of the preésure formed when a
bubble 'is'_formed- in- the ink by the action of heat.

25 The ink droplets are permitted to fly from the nozzle

and become attached in part or in whole onto a



Is now attracting attentlon because it is quiet in use, can print at .

[ei®

hi gh- speed, and can be wused for multi-colour printing. 5 Various
aqueous inks have been wused for ink jet recording because t hey
are safe and have good recording characteristics, while ordinary

paper has 10 generally been used as the recording nmedium Wen an

I mge is recorded on paper using a liquid ink, the printed letters or
other inmage should not becone blurred, and it is also desirable that the
ink should dry as soon as possible after recording so as to avoid 15-

unexpected contam nation of the paﬁérzsﬁrface In multi-colour ink jet

vari OU.S I’eCIUI remer#&e [#al neﬁj%e#%%}v‘ n%ée %T%éjge sa {’%g'}’ ?géog.g&%g %Beggﬁed

recordi ng systeng

where ink

applied ink should not mx
not disturb theuse,tican p:at:tmt: rat)fhigtk sipdsd, and
3- (2) The spreading of the .ink droplets on the

outwardly. )
recordi ng medi uMulisinepoun nkng ¢ he diameter of the ink dots
no% increase nore than is

does
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previously applied ink,

Various agueous inks have been used for ink jet

- recording because they are safe and have good

15

20

25

recording characteristics, while ord;néry paper has
generally been used as the recqrding:medium. When an
imége'is fecorded on paper using a _;iquid ink, .the
printed 1letters or other image should not become
blurred, and it is also desirable that the ink should
dry as soon as poséible after recording so as to avoid

unexpecfed contamination of the paper surface.

In multi-colour ink:jet récording systems where inks
of two or more different colours are used, various

requirements explained below need to be satisfied.

(1) Even where ink is absorbed rapidly into the
recording medium, subsequently applied ink should not
mix with the previously applied ink, should not

~diSturb the existing pattern of ink dots, and should

not flow outwardly.

ehnulHaZSused nﬁbrflow



1ntended. 5 (3) The shape of the ink dots should approximate to a true

cifngle, and the circunference of the circle should be snooth. 10 (4)
isThe"density of the ink dots should be high enough to retain a clear
circunference. (5) The whiteness of the recording nedi um should be high
enough to give good contrast with the ink dots as 15 printed. (6)

The col our of the ink should not be affected by the recording nmedium 20
(7) D nensi onal changes in the recordi ng nedi um both before and after
recording (e.g. winkling or elongation) should be mnimsed. (8) The

recorded i nmage should be resistant te W&ater, 25 at nospheric oxi dation
and |ight. é The anount of pomder falling off fromthe coated
| ayer of the recoK Ing nBBeunSEresddesr at€ sib&® d ndfoR1&dP son  the

d I b d
For exanpl e JapaheeRtCAng. agaanh” Bhelne Bed Sutis Mot B ° ARrRRs B
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blurring of the 1nk dots. i scl oses an
intended.

. (3) The shape of the ink dots should approximate to
a true circle, and the circumference of the circle

N2 should be smooth.

" 10 (4) The density of the ink dots should be high

enough to retain a clear circumference.

(5) The whiteness of the recording medium should be
high enough to give gobq contrast with the ink dots as
15 printed.

. (6) The colour of the ink should not be affected by

-/ _ the recording medium.

20 . {7) Dimensional changes in the recording medium both
before and after recording (e.g. wrinkling or

. elongation) should be minimised.

(8) The recorded image should be resistant to water,

25 atmospheric oxidaticn and light.



10 I nk jet

recordi ng paper conprising a sheet of wood pulp

I mpr egnat ed wth a water soluble polynmer. Japanese Lai d-open Patent \j
5830/ 1980 di scloses as an exanple of coated paper ai
ink jet recording sheet having an ink absorbing coating on a 15

support. Japanese Lai d- open Patent Application No.11829/1980

Application No.

di scl oses an ink jet recording sheet of unsized paper having two or
| ayers of different ink absorptivities, Japanese Lai d-open” Patent
Application No. 99693/ 1981 discloses an ink jet 20 recordi ng

medi um which is rendered water resistgnL by the presence of a quaternary

amoni um hal i de.

recording medi up®) a Theasmountcosbt powieg faillheofE Zxrom thARICAUE

There has al so been proposed for use as an ink jet

silica. This recording nediumwhen used in ink jet printing has
excel | ent col olayerfofithg recosdipgamadiumi ori substriddeeveshoulidhe be

nore

shapes of the silica particles are non-uniform and there 1is a wde
distribution iminippged particle sizes wth the consequence that
al though ink absorptivity can be 5 i ncreased, the strength devel oped

in the coated layer is reduced and powder tends to drop off fromthe

coating Igyer of yhhe 52ggrdi g TRALHM PhoBeSURSLAR! ©: sbYetalO e AL 00

the nozzle of the ink jet printer

ich results 1n"a reduction”in the

reliability of tﬁEbposals have been made. For example, Japanese Laid-

- 10

15.

open"Patent ‘Application No.'49113/19§8 is concerned

with the problem of improving ink absorption and

reducing blurring of the ink dots. It discloses an’

ink jet recording psper comprising a sheet of wood
pulp 'impregnated with a water éoluble polymer.
Japanese Laid-open FPatent Application No. 5830/1980
discloses ‘as  an examplé "of coated paper an ink jet
recording sheet having an ink absdrbing coating on a
support. Japanese ' Laid-open Patent Application

No.11829/1980 discloses an ink jet recording sheet of

"unsized paper having two or more layers of different

20

25

ink absorptivities, Japanese Laid-open Patent
Application No. 99693/1981 discloses an ink jet
recording medium which is rendered water resistant by

the presence of a quaternary ammonium halide.

There has also been proposed for use as an ink jet
recording medium a paper containing synthetic
amorphous silica. This recording medium when used in

ink jet printing has excellent colour forming



‘10 printer. Japanese Lai d-open Patent Application No. 146889/1984
di s¢l oses a non-coated ink jet recording paper internally | oaded
2 W synt heti c anor phous sillica: 15 This recording paper has the
advant ages of inproved dot shape and optical density conpared with
recordi ng papers containing other conventional |oading materials such as
clay, talc or calciumcarbonate. However, it cannot be used where high
i mge quality is demanded. 20 The present invention is concerned with the
production of a paper for use in nmulti-layer ink jet printing and it
conbi nes good coating strength with -gdbd-col our form ng characteristics,
optical density and dot shape 25 = when used in nulti-coloured ink jet
printing. I'n chrrackeristiese Howenenn Uhevishapes efcthdi agliesi um

conprising a substrate _and an ink receiving |ayer rovided on the
substrate, the i rﬂ@%‘?ﬁ nga‘f%yé?"‘b'dmg‘?ﬁ‘\‘lg %b‘?uer?l&%ﬂ"gsi 18ca, @t heigeio
of the 5 sh §¢; : 'ﬂg?ter to hﬁ- qugg@ i of he
spherical sili _ca_o%}'ar |jé}?&e%s_ ei ngilb. 6 tor% nor e, and}'?Jhe ?%%égéec‘éf'i\:/%lngth?ayer
contai ning a silicsisdAmtd ithtatLrtikligtd! e1bel ViBdordfivity TheaRr esent
i nvention al so provides a recording nethod that conprises ink jet printing
usi ng an iSk haviingpreassd acetie stmengifh 28wl aperd/ I the [ @vatednlayéhe
| is reduced and powder tends to drop off from the
coating layer of the recording medium or a substrate.
U/ This powder can clog the nozzle of the ink jet printer
which results in a reduction in the reliability of the

10 - printer.

Japanese Laid-open Patent Application No. 146889/1984
discloses a non-coated ink jet recording paper
internally loaded with synthetic amorphous silica.
15. . This recording paper has the advantages of improved
dpt shape and optical density compared with recording
papers_gontaining other conventional loading materials
U sucp as clay, talc or calcium carbonate. _However( it
cannot be used where high image quality is demanded.
20
The present in#ention is concerned with the production
of a paper for use in multi-layer ink jet printing and
it combines good coating strength with good colour
forming characteristics, optical density and dot shape

25 ~when used in multi-coloured ink jet printing.



surface of a recording nmediumconprising a substrate and the ink receiving_
l:ayer provided on the substrate, 15 wherein the ink receiving Iaye&+

contai ns spherical silica, the ratio of the shortest dianeter to the
| ongest dianeter of the spherical silica being 0.6 or nore, and the
ink receiving layer <containing a silicon-containing water-soluble

pol ynmer. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS Descri bing in

detai | about the present in- verition, the present inventors have found
that, in recording on various recordjng media with an ink using 5 a
wat er - sol ubl e dye as the recording agent, by in- corporating spherical

o St o P R R o, FndBEBe B W i
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feel of touch, rﬁs*éfangfzowdaawdeﬁ deag- OEﬁbélﬁi'a%b | ML Gtk rideiGAlf be
i nproved in optical density and dot shape wth 1 difficulty, the above

menti oned col or layemtcontdiningysphdritaeldstilibape ther e madiimy kadfl y the
|nproved based on which the objects of the present invention have been
N shortest diameter to the. 1ongest diameter of the
spherical silica particles being 0.6 or more, and the

ink .receiving 1layer containing a silicon-containing

water soluble polymer. .

10 The present invention also provides a recording method

that comprises ink jet printing using an ink having a

'-éurfaCe tension of128-68 dyne/cm  at 25°C. onto the
surface of a recording medium comprising a substrate
and the ink receiving 1aYer prévfded*on'thé substrate,

15 wherein the ink reCeiving layer contains spherica1

'silica, ‘the ratio of the shortest diameter to the
longest diameter of the spherical silica being 0.6 or
moie, - and the ink receiving layer containing a

silicon-containing water-soluble polyﬁer.

W



*tacconplished. 5 Descri bi ng about the recordi ng nedi um whi ch
primarily characterizes the present invention, the feature of the recording
medf um of the present in- vention which is a sheet containing a fibrous

‘material and a |oading material resides in conprising spherical 10 silica
interm xed in said sheet, and the objects of the present invention could be

~acconpl i shed by such a con- stitution and the constitution of ink as
descri bed bel ow.* The fibrous material to be used in the present 15
i nvention may be generally a wood | p, typically LBKP and NBKP, and may be

al so mxed with various synthetic fibers, glass fibers, etc., if desired.
The | oading material to be used in the present invention may be the
.spherical silica alone as describ- 20" ed hereinafter. "It is also possible

to use, in conbination with such spherical silica, inorganic pignments such
as talc, clay, kaolin, diatoneceous” earth, calciumcarbonate, calcium
sulfate, bariumsulfate, titanium oxide, zinc oxide, zinc carbonate, 25
alumnumsilicate, calciumsilicate, magnesiumsilicate, alum num

hydr oxi de, al um num oxi de, synthetic anorphous silica, colloidal silica,
etc., and/or organic pignments 9. 1 such as urea resin pignents, plastic
pi gnents, etc., if ' :

- DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Describing in detail about the present in-
vention, the present inventors have found that, in
recording on various fecording media with'an ink using

5 a water-soluble dye as the recording agent, by in-
corporating spherical silica in the above recording
media, the image formed with such ink can be improved
in color forming characteristic, 0ptical density and
dot shape, and particularly Ehat, in the papers for ink

10 Jjet fecording of the genefal'paper type which could be
made in the related art with excellent feel of touch,
resistance to powder dfopéoff and at lbw'éost,:but

could be improVed'in optical density and dot shape with




desired. As
synthetic s
spherical s

of the shortest diameter to the | ongest dianeter

the spherical silica.to be used-in the present invention,

pherical silica having 5 inner surface area can be used.

The \,,L\

hape as mentioned in the present invention neans-that the ratio

-particles is 0.6 or nmore, particularly preferably 0.8 or nmore. 10
al-silica to be used in the present invention can be prepared
by, for.exanple, forming silica gel and porous silica in the forni of
hapes as descrlbed below. Silica gel is a three-dinmensionally

The spheric

spherical s
polynerlged
may be stru
met hod for

silicon tet
can be prod
mai n conpon

in the sane secondary
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%ﬁ?ﬂ:}?ytﬂlfe” and errlﬁ ‘%f@s tfﬂ'&e SL88 fly ﬁéén(Of i en

ents are 0 effect gelatrion, owed by

dehydrati on.adeigsidied 0 any nethod, the particle dianeter 25 and fine
pore size of silica gel can be controlled by varying the concentration of

orthosil sci

stirring
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Cc acid, [Mésdribing edsduonther récsrdingl meaiwaowpdsht i on,
primarily characterizes the present invention, the
feature of the recording medium of the_present in~-
vention whicb_is a sheet containing a fibrous material
and a loading material resides in comprising spherical
silica intermixed in saidzsbeet, and the objects of the
present invention could be accomplished by such  a con-
stitution and the conatitution_of'ink as described
beloﬁ. . _

The fibrous mareriallto be used in the present
1nvention may be generally a wood pulp, typically LBKP
and NBKP, and may . be also mixed w1th various synthetic
fibers, glass fibers, etc., if desxred

| The loading material to be used in the present
invention may be the spherical_silica_alone_as describ-~
ed hereinafter. It is aléo possible_ro use, in

combination with such spherical silica, inorganic

_ pigments such as talc, clay, kaolin, diatomeceous

earth, calcium carbonate, calcium sulfate, barium

'sulfate, titanium oxide, zinc oxide, zinc carbonate,

25

aluminum 5111cate, calcium silicate, magnesium silicate,
aluminum hydroxide, aluminum oxide, sfnthetic amorphous

silica, colloidal silica, etc., and/br organic pigments



Epeéd during polynerization reaction. The spherical silica gel can be

di

produced according to a nethod in which the pol ynerized reaction m xture is
spersed into an oil layer to eff-éct gelation, or a method in 5 which the
polynerlzed reaction mxture is sprayed into dry-air to effect gelation,

etc. According to the above operations, only ordinary gel can be obtained.

A porous silica can be prepared by effecti

pore 10 forming agent such as dextran, |ong chain fatty acid, soluble

starch, MO, etc., into the sodi um si | i cate solution, and then rennving

%g gelation with addition of a

such agents1by ﬁg@ﬁ@lmw#&ﬁplqﬁﬁeﬂspy n%)%%%%sp rﬁv%ﬂ%tm . method for

preparatlon of porous 15
wth a narrow [idird® size distribution is gelled. Porous silica having
vari ous pore sizes can be prepared according to the nethods as nentioned

I-ca, ers ca sol

above. ‘I'n the present ixweaHd Gphdicd MHOMBEN. He Asedtitf alid ity of the
I nk jet recor ded I mge, etc., in any of the steps in the nethods for

preparation aspﬁaaanﬁyinyénﬁxnn% symietics Eghasiclll silicd hdvdngetc.
be also included in the formof a conplex silicate, etc. The spheri cal
silica pr epr ed o EINERCe AYeR MmN abmusqﬁ-epa!ﬁm isphensidadd shaperas

snoot h in shape of partlcles and al so hi gher

“si ze as conpar ¢R4iORed, i dthe: RERfIgHo P vantiqn means that the ratio

N\,
15
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of the shortest diameter to the longest diameter in the
same secondary particles is 0.6 or more, particularly
preferably 0.8 or more.

The spherical silica to be used in the present

~invention can be prepared by, for example, forming

silica gel and porous silica in the form of spherical
shapes as described below.

Silica gel is a three-dimensionally polymerized
product of high-reactive orthosilicic acid Si(OH)4, and
it may be structurally considered as a polymer of .
silicon dioxide Sioz-nHZO.

As a method for preparation of orthosilicic

~acid, there is the method in which silicon tetra-

chloride or sodium silicate is used. Also, silica gel.
can be produced by neﬁtralizing alkaline content in
watervglass;(of which main-compoﬁents.are Na28105 and
Na231205) to efféct-gelatioh, followed by dehydration.
Accord;ng to any method, the particle diameter

and f;ne pore size of silica gel can be controlled by

. varying.the-concentration of orthosilicic acid,‘pH_of

the-reactioﬁ.mixture,;solvent composition, stirring

may

in uniformty of the particle



1 ‘prepared by the.processes of pulverization-and classi- fication.

Accordi ngly, when the spherical silica is applied to a paper for ink jet- ;A
‘there are the-advantage of reduced |ight scattering at an ink

- recordi ng

attached 5- portion as well as inprovenent of optical density and dot shape
of a recorded image through inprovenent ofjguniformty of capillary

di ameters.. _
of little wire abrasion of a paper machine. 10 The spherica
silica to be used in the present i nvention should preferably have an

aver age di ganme é‘ﬁq_ , e a%gﬁ omO0.5
[err] to° 120 Fﬁ%?fi partlc ' £§§%$§é Fe*é%ﬁéﬁ [err% ?£§T£¥r] as
measur ed by thg 1Geul tg1 bk gbdheds @cwfmgléo 5 Vi g o3 gpher i cal
silica with the parti'cle proportion within the particle size range of
average di ametdiich THelgdlymirizdd % Qdc Do, miRterd" B ed BdperSH§0 or nore
(based on nunber of the particles). I f the average dianmeter is greater

t han the abovdmtangm dille layge to ¢ffacbpePOtion cadera imettoad sinf eel i ng
due to lowering in resolution and deterioration of the dot shape. As the
particl e -dp amsthdch Shengidlymenired rdretion tivcpare | is spiyephinteal
silica being present in the surface and in-the inside of the recording

paper is 25

Further, due to the spherical shape, there is also the advantage

A5y @dFedo wffedly galadnni 18€¥f ink droplets being in

above operat1 ns, only

contact with and beln absg;bedd§¥ herlcal silica, artlcyfs becones
t

greater.

15 -

Accordlngly,

10

20

2

ordinary gel can be obtained. A porous 51L1ca~can be
prepared by effecting gelation with addition of ‘a pore
forming agent such as dextran, long chain fatty acid,:
soluble starch, MgO, etc., into the sodium silicate
. solution, and then removing-sdeh agents by extraction
with solvent or hydrolysis.
As another method for preﬁaration-df'porous
silica, there is_a method in which silica sol with a
narrow éarticle size distribution is gelled.
Porous silica having vetious pore sizes can be
preﬁared according to the methods as'mentioned above. o’
. - In the present_invention; fer improvement of
storability of the ink jet recorded image, etc., in any-
of the steps in the methods for preparatlon as describ-
ed above, a metal such as Al, Mg, 2n, Ca, etc., may be
. also included in the form of a complex szl;cate, etc.
The spher;cal sxlxca prepared according to the
above preparation method is more smooth in shape of
'pafticles aﬁd dlso higher in_qnifo;mity;ef the particle

size as compared with synthetic amerphdus silica



1 40 the dot shape, the particle dianeter should be preferably as small as
possi ble, but in the case of a particle dianmeter smaller than 0.5 [err],
«abaove all when it is 0.2 to 0.4 [err], the scattering coefficient beconmes 5
greater to bring about undesirably lowering in optical density. Also, in
the case of sheet formation of a recording nediumw th spherical silica
internally added, too fine particles pose @ probl emin -production that it
is 10 difficult to retain themwthin the wet web on the wire of a paper
machi ne even when used in conbination with a yield enhancer, etc. On the
- other hand,, as to the _average fine pore size (fine pore: voids between .
primary parkicP€§?aFﬂd1§YtﬁgeiH§P§€S%¢Stﬂ§ ppheertaation and chassirs an
opti mum range, _.and _in the present jnvention, spherical silica with an
average fine pgfﬁag?gﬁ'mﬁbﬁ?ﬂr hﬁgi%nd%h?PoﬁP? sphexiepli il &Fr] is
preferred. As | Re, pore size Ls greater, the fipe pore volune in the
i nside of the égsléégo §a?ypﬁ%?fit?§31§# 1%t Eﬁﬁ@ﬁé%%?'sF??E% 55%05@%
greater to mak | S ' c | t e er fine
Bore ol ze i grantaradt G RtRhata IRRIL JoabER Bl LUK Sl OERataE

AR 7 ST eH sl piimeeroneiop pRct Han | g8 >

fine pore sizedot shi@pé esftdHarecdrdedimage through improvement of

uniformity of capillary diameters. Further, due to the
L ' spheriéal,shape, there is also the adfantage of little
‘wire abrasion §f a paper machine.

10 The spherical silica to be used in the present
invention should preferably have an average diameter of
the secondary particles within the range of from 0.5 um
to 150 um, particularly preferably from 1 uym to 30 um,
as measured by the Coulter method, which is a porous

15 synthetic spherical silica with the particle proportion
within the particle size range of average diameter 1.5
ﬁm being 60% or more, more p;eferably 80% or more (based
'on number of -the particles);' If the averageidiameter
is greater than the above range, the image will become

20 9reater in coarse feeling due to lowering in resolution
and deterioration of the dot shape.

. As the paréiéle diameter is'smaller, the number
of the p&rticlés.bf Sphéridal silica being'presen£ in.
. the . surface and in-the inside.of the recording paper is

o5 increased, whereby probability of ink droplets being -

in contact with and being absorbed by'sphérical silica .

. particles becomes greater. Accordingly, with respect



the ink absorbing capacity is undesirably small .- In the present

i hventi.on, as the nethod for i ncorporating the above spherical silica and .
optlonally other loading materials in the recording imedium there may be
enpl oyed the so-called internal addition nethod 5 in which.the spherical
silicais added to the slurry containinggufibrous nateri-al in the paper
maki ng step, or-the so-called after-tre nt nethod in which it is

' |npregnated or coated by neans of a size press device or a spray device,
etc., or alternatively both nmethods 10 may be used in conbination. In the
case of the internal addition nethod, paper .strength enhancers, yield
enhancer s, cokor &he, detc shapey tt&xeammlcfled@mamtemsehdmldyﬂm d enhancer,
there may be enployed cationic yield enhancers such. as 15 cationized
starch, di cyaﬁH?—éﬁFééﬂUr #&I sfaddn@snPessibdee. bwr ighithe caaeclaf eénhancers
such as anionic Igsngﬁr am de, ionic collaidal silica, etc., either

i ndi vi dual I'y BRFEAC ten. sPaliles 83t H’é‘vaﬁ‘@r & Aok rmﬁn met hod,
a 20 surf aceééegti g9 ﬁ%e Q uch a nodi fi ed. starch eyV| n aI cohol '
can be also u:&d*Fn%:3 oM™ { etﬁga 5&P8m°°

o bhoner £ SRR ABCEAA B SUBLS, Ghayitihe -L%We% %%re;%ae o
agents, foam ggnagepts.. ' :
| Also, in the case of sheet formation of a
_recording-medium with 'spherical silica internally added, W,
' too fine particles pose a.problem in production that it is
10 difficult to retain themwithin the wet web on the wire
of a paper machine even when used in combination with a
_ yield enhancer, etc.
A Oon thé other hand, as to the average fine pore
size (fine pore: voids between primary particles) in
i5' the inside of the spherical silica, there is an optimum
" range, and in the present-igvention{ spherical silica
with an aver?ge-fine pore size within the range from
30 A to 400 A is preferred. As the fine pore size is
greater, the fine pore volume in the inside of the
20 Secondary particies of the spherical silica becomes
greater to make the ink absorbing capacity greater.
pre;ér, when the fine pore size is greater than 400.i,
capillary condensation of the dye ﬁoleCpies-near the - ,
surféce'laye; Qf.the:secondary particles will occur
25 - with-difficuityyzwhereby the optical dgnsity;will'bef
lowered. When the’fine'po:e-sizé is smaller than 30 &,

the ink absorbing capacity is undesirably small.’



ﬁenetratihg agents, surfactants, colorants, fluorescent brightening
agepts, UV-ray absorbers, antioxidants, 14 1 etc., can be also

formul ated. The content of the spherical silica in t he recordi ng nedlun1|n
the present invention should be preferably 3 wt.%to 30 wt.%as the ash
content in the 5 paper, nore preferably 8 .to 30 w.% particularly
preferably 15 to 25 wt. % "As anot her enbo¢gneﬂt of the present ‘invention,
there is a recording nedium: conprising at |east an ink receiving |ayer
provi.ded on a substrate, said ink 10 receiving layer containing spherical

ilica. As t bi nd f ' | t-h
?hciﬁged matgs-sgrug{e 3 §ﬁgr§r§35ﬂ aéggeéﬁéﬁ% gg%etpﬁ m§&§8g§¥°§um

arabi ¢, 00 UM 3haLAAbearsALORRUTELANL GEURRY. 9\l Bkl BEESRRL 30

deriva- 15 tives t reo ol yvi nylpyrr one |un1po acryla

etc. polynerlCoeﬁuksnaaalagcha%araﬁnghghl@h@UEQ%brhahexmea&ﬁm ehgaai C
solvent sol ubl e resins such as pol yvi nyl butyral, polyvinyl chl oride, etc.

‘Anong the wat er magl bl empmb?téﬁr theP@bl-cal1adl ¥ n2@rnal ehana Rl Bndfe thod
si l i con-contai ni ng wat er-sol ubl e polyners, for exanple, silicon-containing
nodi fied polyvi apl whiichhehe, sphericaldsddyicaf ithaddedstdi sheoskdricg
Japanese Lai d-oepen Patent Application No. 59203/ 1983,
containing fibrous material in the paper making step,
or the so-called after-treatment method in which it is
. impregnated or coated by means. of a size press device
or a spray_deﬁice, etc., or alternatively both methods
10 may be used.in combination.
In the case of the internal addition method,
paper strength enhancers, yield enhancers, colorant,
-etc., may be added if desired. As the yield enhancer,
there may be employed cationic yield enhancers such as
15 cationized starch, dicyandiamideformalin condensate,
etc., or anionic yield-enhanceré.such as anionic poly-
acrylamidg,,anionic colloidal silica, etc., either
(O individually or in combination.
In the case of the after-treatment method, a
20 surfacg_treating agent such as modified starch or
polyvinyl alcohol can be-also used in combination with
the spherical silica. Also, if desired,'water
resistance improvers of images;'flowing_propefty
improvers,,thickéners, pigment}dispersing-agenté,
- 95 foaming inhibitqﬁs,HQefoaming'égepts, fo%ﬁih@ agents,
penet:atihg_agents,'surfaétants, colorants, f#uorescent

brightening agents, UV-ray absorbers, antioxidants,



No. 79003/ 1983 and No. 164604/ 1983 can be preferably 25 used. Exanples of_
the silicon-containing nodified polyvinyl alcohol to be used in the presegL-
.i-nvention . are shown below. 1) A product obtai ned by copolynerizing a ™™~
vinyl ester and an ol efinic unsaturated nononmer containing silicon in the
nol ecul e represented by the formula (A a{ I n the presence of al cohol under
the conditions where the concentrati on dbkio of these tmo_kigds of nononers
is kept constant throughout the polynerization period and saponi'fyi ng the
copol ynmer obtained: [‘ERR] wherein nis Oto 1, mis Oto 2, [err] is a
| oner al kyl group, an allyl_ group or_"a |ower alkyl having-an allyl 2 group,
‘Ris a satlur &%t bredR e akseokerralEed:- 15 al koxyl group having 1 to 40
carbon atons, and sai g al koxyl group. jray aj so, haye a_substituent contai ning
oxygen; 2) A productig%t%?%éﬂ“gy° opd® ?f?ﬁﬁxasﬁ%ﬁﬁP é?t&ﬁeand a
si |1 con-cont ai nj ng..pol ynegi zabl o0 res n.eg 8 khe formul a (B)
in the presen eec%)?d"gl?%olﬁ%#lﬁ b’ge%g? ép?%%ﬁéaf‘ggSﬁéﬁg%i 3 ¥%§ |gﬁi tiator and
saponi fying. the £APGLIFeS POIRI 8%0 [ as the ash content in the
5 paper, more preferably 8 to 30 wt. %, particularly
preferably 15 to 25 wt.$.
| As another embodiment of the present invention,
-there is a recofding medium, éomprising at least an ink 'k)
-receiving layer provided on a subStraﬁé, said ink
10 receiving 1ayér containing spherical silica.
As the binder forming the ink—receiving layer,
there may be included water-soluble polymers such as
- starch, gelatin, casein, gum arabic, sodium alginate,
carboxymethyl cellulose, polyvinyl alcohol and dériva-
15 - tives thereof, polyvinylpyrrolidone, sodium poly-
acrylate, etc.; polymeric emulsions such as synthetic
rubber latex, etc.; organic solvent soluble resins such
| - v
as polyvinylbutyral, polyvinyl chloride, etc.
Among the water-soluble polymers, particularly
o0 Preferable are silicon-containing water-soluble
polymers, for example, silicon-containing modified
polyvinyl alcbholé; etc., and anf of those as disclosed
in Japanese Laid-open Patent Application No..59203/1983,
' No. 79003/1983 and No. 164604/1983.can be preferably
Examples of the silicon-containing modified

' polyvipyl alcohol to be used in the present invention



'mherein [err] is hydrogen or a nethyl group, [err] is 1 hydrogen or a
I' r al kyl group, . R is an al kylene group or a divalent organic residue of
,which chain carbon atons are nutually bonded with oxygen or nitrogen, [err]
i s hydrogen, halogen, a lowe r altkyl grou an allyl group 7 5 or a |lower
al kyl group having an allyl group, [err]I%g an al koxyl -group or an acyl oxyl
group where the al koxyl group or the acyl oxyt group may al so have a
substituent contai ni ng oxygen or nitrogen, n.represents 0 to 2; 3) A
product obtained by copolyner|2|ng a 10 vinyl ester and a

silicon- conzalnl goly zabl e pol ymer represented by the formula (C) in
the presenc IT%F of a radi'al pol ynmerization initiator and

saponi fying the copolyr tal 8 9 [ERRl wherei err) |s a hydrogen
atomor a nethyl group, %3 %‘dﬁlﬂéf%n‘f %% ’é”l wer
al kyl- group, A o) 0 group,
[err] 1s | owepe;t}ékylalg%}g oq'an rln1 1 S rﬁ&%% AB%’APQ? nyI

al cohol to be used ddh lifif dHEMRINeddNEHd éﬁée shoul d
preferably be 35 nol %olr | ess, prefer abn']I yﬁOESOS to % rmre prﬁger ably

0.05 tlo 10 sol %n Ml'ﬁé),pr.%’setﬁlﬁé &t armtfdlec{uméﬂvalc&immng QHeredised,
Its poly-
the concentration ratio of these two kinds of monomers
- is kept constant throughout the polymerization period

and saponifying the copolymer'obtained:

B\
m |
10 . CH, = CH4CH,¥ Si-(R®); (a)
~wherein n is 0 to 1, m is 0 to 2, Rl is a lower alkyl
i gréup, an allyl group or a lower alkyl having an allyl
group, R2 is a saturated branched.or non-branched
15 alkoxyl group having 1 to 40 carbon atoms, and said
alkoxyl group may also have a substituent containing
‘oxygen;
~ - 2)  a product obtained by copolymerizing a

vinyl ester and a silicon-containing polymerizable
90 monomer represented by the formula (B) in the presénce
of alcohol by use of a radical polymerization initiator

- .and saponifying the copolymer obtained;

e =em3 :
CH2 ?R R6 .
. 5 :.' R X :
‘ -_CON -R -Sl-(R )3 -n - . (B).
25 R4 . .

" wherein, r3 is hydrogen or a methyl group; r? is



nmeri zation de
the nodified
degree of . 80
. silicon-conta
product with
I nk-receiving
al cohol whi ch
possible to o
whi ch could b
enul si on, the
narr ow sense

gree nmay-be 100 to 10000, preferably 500 to 2000. Further, __
pol yvi nyl alcohol to be used should have a saponification -
mol % or hi gher, preferably-85 nol % or higher. The o
i ning wat er-soluble polyner 5 fornms a chem cally bound
various inorganic naterralslénd t herefore can forman

| ayer which is nmuch firmer as conpared with the pol yvinyl

has been generally used in the prior art, whereby it becones
btain both ink ab- 10 sorptivity and coated | ayer strength

ffected with diffi | t i th N t. the | i
Rydraganc orng dewesy ahky 1 AnPUsre ool it (AR IERS BE0YE -

f whigh di ' di i g nedi h
Tqui d. but abEo SefvatehE srane3esite W MGlE FRE BT U e

di sper sed Dha&%ofn@o‘é'rg %t‘?{agﬁn.%" Do k}i‘i{hﬁ%taﬁ?%gg%zs gﬁitg%%e_ﬁ, tgfmeLature

bel ow t he gl ass

emul sion. 20

used in the pr

ransition erat ure as | styrene

hydrogen, HRAGHE @GRS dlficylil ity T4 Ca LI Sl O D

sent 1 nvention may include synthetic polyneric. latices such

as styrenes bubgdiaeneweyP@1k§leyrowy Haviling idre-datiyadignsug yre’ | g6 ean net hyl

net hacryl at e-

but adi ene type latex, vinyl acetate type
alkoxyl group or an acyloxyl group where-the'alkoxyl

. group or the acyloxyl group may also have a substituent

10

containing oxygen or nitrogen, n represents 0 to 2; LJ
3) A product obtained by copolymerizing a

vinyl ester and a siliéon—contgining polymeriz#blé

polymer represented by the formula (C) in the presence

of alcohol by use of a radial polymerization initiator

. and saponifying the copolymer obtained; .

15

20

25

reRY
RR

]
10

- CH,=C-8i-+ (OCR - (C).

2 )3-n'

. 0
wherein R8 is a hydfogen atom or a methyl group, R? is
a hydrogen atom, a halogen atom, a loﬁer alkyl group,
an allyl group or a lower alkyl group haVing allyl
gronp,'Rlo is lower alkyi group, and n is 0 to 2. |
-As-the-modified_pglyvinyl alcohol to be used in

the present invention, its ﬁodificaﬁion"degree-Should
preferably be 35 mols or iess,_preférabljuo.os to 20
mols, more_breferably 0.05 to 10 mb{%ﬁt Aléo, as the

mbdified'quyvfhyl alcohol to be ﬁséd,'ité'pdly-

:meriiation degree may be 100 to 10000, preferably 500

to 2000.



25 latex, ethylene-vinyl acetate type latex, etc., as well as polyethyl ene
enyl si on, pol ystyrene enul sion, ionhoner "enul Sion, etc: 1 I n
therelated art, when a polyneric enulsion is used as the binder for-a
coated | ayer conprising a porous inorganic pignent.- as-the main conponent,

it had a 'drawback of |ow optical density 2 the i mage, although 5 excell ent
in ink absorptivity. However, by sinul- tdnéously using a polymneric

emul sion and particularly a silicon-containing water-soluble polyner as in
the constitution of the recording nedium of the present-invention, it

becomes possi bl e o | rpEayendl the H3aixded PHlYing2beohYCEoSHEENg!
and optical density of image at the sane tine. The récordi ng nedi um of the

present inventi @BelissR6ARAr REvEY a2ddibBai¥izateonCAegteki 62 800ma1Ri BEer
into a coating solution for a substrate such as papér, 15 etc., applying

the coating sol higharpnptrbfesabliyr 85emald dryhdgheke coated product. As
ot her conponents contained in the coating solution in this case, there may
be included organi c. pi githet sidicbnasostaieiagt yptephasliublei godpmer acrylic
type pignents, mcrocapsules, 20 urea resin pignents, etc.; water-soluble
pol yners suéh afoxmgrahchemigaildy bouafinprgducsr whth, vesibum idhgrganic
car boxynet hyl cellul ose, polyvinyl alcohol, polyvinyl- pyrrolidone, sodium
pol yacryl at e, eFE??rb?bﬁnFEdsﬁh9§ﬁF°re”can form an ink~-receiving layer

which is much firmer as compared with the polyvinyl
alcohol which has been generally used in the prior aft,
whereby it becomes possible to obtain both ink Ab-
10 . sorptivity and coated layer strength which could be
effected with difficulty in the prior art.
As the polymeric emulsion, there may be includ-
ed not only the polymeric emulsions in narrow sense of
- which dispersed phase and dispersing medium are both
15 liquid, but also emulsions of synthetic polymers where
the polymer in the dispersed phase should be properly
considered as the solid at a temperature below the
— .. glass transition temperature as in the case of poly-
styrene emulsion. | ‘
20 - . Specific examples of the polymeric emulsion to
be: used in the present'invention may include synthetic -
.po;ymeric latices such as styrene;butadiene Eype latex,
;acrylon;trilé-butadiene type latex, methyl
methaéf?iate-ﬁﬁtadiene.Eype'iatex, vinyl acé;ateigype
25 latex, éfhéleneééinyl_acetaté_type.latex, etc., as well
as-polyethylepe emulsion, pdlystyrene.emﬁlsion, ionomer |

.emulsion, etc.:



solubl e resins such as pol yvinyl butyral, polyvinyl 25 chloride, etc.; o
further various additives such. as dispersing agents, fluorescent dyes, pHi.
controllers, defoam ng agents, lubricants, preservatives, surfactant’s, -
1. water resistant agents, etc. OF the abgve conponents, water-soluble

pol yners, polyneric emul sions.and organi £9sol vent sol ubl e resins used as

t he binders nmay be enployed in an anount of 3 5 to 100 parts, preferably

10 parts-to 80 parts based on 100 parts of spherical silica, but their
amounts are not particularly limted if sufficient for binding spherical

silica. However, use e I ' ' sirab
make theHaoi d of the %’ ?ﬁ% gggﬁ%ﬁ%ﬁyé&%@% {%&%cs\g[r{‘%%ent y ny
the coating sgkUuised aBOWhd RitieRrAHor ) UENEE DiyePBemgrifimP aM . % and

said coating solution is applied by a nmethod known'in the art such as the

roll coater npbReds ihergande piznintlas rEHéadhind eonpondsit f eamd@r

nmet hod, etc., to the substrate, generally in an anmount of about 1 to 50
g/[err] (dry aodredbackubdf) lopr eptizialy densitly b ule dimadeoutaltbangi) g/ m
(dry coated anobunt). Such recording nediumas has only the ink- 20 '
recei vi ng sl ayexcgildentednonnkhabsorptividy .as Haweseand Py cimude used as t he

recording nediumof the present invention, and it is also possible to give
- taneously using a_polymerlc emulsion and particularly a

- silicon-containing water-soluble polymer as in the
constitution of the recording medium of the present L)
invention, it-bécomes possible to improve ink ab-

10 ~sorptivity, coated layer strength”and optical density

Qf image at the same time.

The recording medium of the present invention

‘is prepared by adding a spherical silica and a binder

' intb a coating solution for a substrate such as paper,

15 etc., applying the coating solution on the substrate
and drying the coated product. As other components
contained in the coating solution in this case, there
may be included organic pigments such as styrené type
plastic pigments; acrylic type pigments, microcapsules,

20 urea resin pigments, etc.; water-soluble polymers such
as stérch, gelatin, casein, gum arabic, sodium alginate,
carboxymethyl cellulose, polyvinyl alcohol, polyvinyl-
pyrrolidoné; sbdium'pOIYacrY1a£é5_etc.::organic solvent

isbiubla'feéins-éuéh-asfpolyvinylbutyrél;.palyvinyl

25 thoéide; ét&.; fhrthef various additives such as
dispe;sihgfagents;-fluofescent?&yes,=pH'controlleré,

defoaming agents, lubricants, preservatives, Surfgctaus.



snoot hness of the surface by super-calendering. Next, the ink to be used in
t hegecording 25 method of the present invention is a recording liquid
gonprising a water-soluble dye™and a |iquid nmedium, together with other
additives, the tnk having a surface tension at [err] within the range of
28 to 68 dyn/cm preferably 30 to 65 dyn/gnl more preferably 40 to 60
dyn/cm \When printing is perfornmed by ug of an ink having | ower surface
tension than this range, its 5 wettability to the recording mediumis
good, but spreading of the printed dot becones greater. On the other hand,

when an ink haviagepi gbgisedhtaggehe8si @t han the above range is used, its.
wettability to the recordi'ng nmedi um becones bad, whereby ink absorptivity

10 of the recordi ng medfugh@nabevé Sempobhen¥s| | wheedDsoB8B1LE 3PS YyheVE! ed.
As the water-sol uble dye (recording agent) which is the essential” conponent
of the ink to bpolgmeria ¢melsions dand oeganilcofolhenpr €6Eablé N¥Yesinedn, 15
wat er - sol ubl e dyes such as direct dyes, acidic dyes or dyes for foods,

etc., may be preésedadsythe dindexrs nay dre sempbopedyis amyameunenefad |y used
as a solution dissplved in a liquid nmediumconprising water and an organic
sol vent, and astQut®0 | Paxtsr rRxrferally chipparts sto n8&iparts diased evn and

vari ous water - bl e orgapi c solvents nay be preferably used, with the
wat er sf)(;(y parts go spherica sil:‘}/ca, l?ut theiryamounts are

‘not particularly limited if sufficient for binding
spherical silica. However, use of more than 100 parts
of the binder will undesirably make the void of the

10 ink-receiving layef smaller.

The solid content in the coating solution should
p;eferably an amount of about l_to 50 wt.%, and said
coating solution is applied by a method knbwn in the-
art such_as the roll coater method,_the blade éoater

15 wmethod, the air knife coater method, etc., to the
- substrate, generally in an amount of ahout 1l to 50 g/mz
(dry coated amount), preferably, in an amouht of about
A 2 to 30 g/m® (dry coated amount).
- Such recording medium as has only the ink-

20. receiving layer pfovided on the sﬁbstrate, as it
stapds, can.bg uséd as the reco:ding medium of the
present invention, énd it ié_alsb possible t;fgive
smoothness of the.éurféée_by super-éalenderipg.

o .._.Nexg, the ink to be used in"the_reco?ding

25 .method'bf t§e pr§sépt invenéion'is_a.re¢ording liquié

.comprising a watef;ﬁoluble dje and a ;iquid.medium,

together with other additives, the ink having a.éurface



content, in the ink being preferably controlled within the range of from 20_
"to 90 W ..% Exanples of the above water-soluble organic 25 solvents my

i ncl ude al kyl _al cohals having 1 to 4 carbon atons such as methyl al cohol,

et hyl al cohol ,- n-propyl al cohol, isopropyl al cohol, n-butyl alcohol, 21.
1 sec-butyl alcohol, tert-butyl alcohol Glsobutyl al cohol, etc.; am des
such as di net hyl formam de, dinethyl - ac m*'de, etc.; ketone or ketone

al cohol s such as. acetone,_ diacetone al cohol, etc.; ethers such as 5

t et rahydrof uran, di oxane, -etc.; polyalkylene gl ycol s such as pol yet hyl ene
“glycol, polypropylene glycol, etc.; alkylene glycols containing alkyl ene
groups W tih 2tensﬁonaab025afcnw1shih &heetrhngenefgl2gc to, 68r dgwnl/eme ¢l ycol ,

1, 2, 6-hexane triol, thioglycol, hexylene glycol, 10 . diethylene glycol, .
etc.; glycer|meefenablyaBQytOeﬁﬁedyndﬁmpom?Nydprefamabﬂwlsos&ohﬁas ethylene
gl ycol nethyl _ether, diethylene glycol. nethyl  (or ethyl) ether, triethylene
gl ycol monome@¥H/ Chor WeeD| Prépképg &8 cpeDformesde biya¥genaferns dnkb| e

organi ¢ sol vents hydric al cohol s, such_as di.et hyl ene gl ycol,
etc., |ower aP%V+n£tLéV%ro?“ﬁg?ﬁﬁyH?9§18PcGHGP thif génﬂﬁretﬁﬁlene gl ycol

hyl 13.eth f d. .Pol d I cohc
ronomet (e B L4 B e oRETEREReR B8 151 PEBE okSEne wotting

agent whi ch spreadlng of the prlnted dot becomes greater. On the

other hand, "when an’ 1nk hav1ng h1gher surface ‘tension
‘than the above range is used, its wettabllity to the W,
recordlng medlum becomes bad, whereby 1nk absorpt1v1ty

10- of the recording medium ‘and dot den31ty w1ll be un-~
.deszrably lowered :

'As the water-soluble dye (recordlng agent)
which is the essential component of the ink to be used
in the recordlng method of the present 1nvent10n,

15 - water-soluble dyes such as dxrect dyes, acidic dyes or
| dyes for foods, etc., may be preferably used.
| Such water-soluble dyes may be generally used
as a solution.dissolved'in a liquid medium comorising
water and an organic solvent, and as such'liquid medium
20 components,Hmixtures”of water and various water;soluble
organic solvents may be preferably used, with the water
content in the ink bexng preferably controlled w1th1n
.the range of £rom 20 to 90 wt. s, N |
Examples of the above water-soluble organxc
25 | solvents may include alkyl alcohols having 1tod
_ carbon atoms such as methyl alcohol, ethyl alcohol

n-propyl alcohol, 150propy1 alcohol, n-butyl alcohol,



20 prevents the phenomenon of clogging of rnozzles caused by precipitation
of.:.t he water-sol uble dye through evaporation of water in the ink. A

_§0I bi li zing agent can be also added in the - ink. Typical solubilizing
agents are nitrogen- 25 contai ning heterocycllc ket ones; and their intended
action is to inprove dramatically the solqaility of the water-sol uble dye
i'n the liquid nmedium_ For exanple, - N-“tiet hyl - 2- pyrrol i done,

1, 3-di net hyl - 2-i mi dazol i di none may be preferably used. The ink prepared '
from such conponents is itself excellent in recording characteristics

STabi 11y, dontTHTaRRE Tt L pebet bber ciisolb] orpernty EREEshet: ng
stability after {gcprgﬁﬂ&ét&&%& gL Od%aeé’a#f%%@% séﬁ{‘é&? :Et ability, 10

fixability onto & tecor ng nedi um an VES na e further

added ther et o fgietdRIdyeTBM. Pk OfiRe SHULIR | SdSoLEWuH AU €, there

may be enpl oyed V|sc05|ty contr rs of water-sol e resins, etc., such

as pol yvinyl algaddne falidbEnite £ldohoVArddilS; BEH®S aich sagh as
cationic, anionic or nonionic surfactants; surface 15 tension controllers

such as di e hantamaheirdfuran | (bikotane hetel C.poraDoriemd | glycold h buffer
solutions, etc. Also, for formulation of an ink to be used for
: such as polyethylepe glycol, polypropylene glycol,
etc.; alkylene glycols containing alkylene groups with
2 to 6 carbon atoms such as ethYlene glycol, propylene
glycol, 1,2,6-hexane triol, thioglycol, hexylene glycol,
10 diethylene glycol, etc.; glycerine; lower alkyl ethers
of polyhydric alcohols such as ethylene glycol methyl
ether, diethylene glycol methyl (or éthyl) ether,
triethylene glycol monomethyl (or ethyl) ether, etc.
Of these many water-soluble organic solvents, poly-
15 hydric alcohols such as diethylene glycol, etc., lower
- alkyl ethers of polyhydric alcohol such as triethylene
glycol monomethyl (or ethyl;-ether; etc., are preferred.
N Polyhydric alcohols are particularly preferred, since
they have the great effect as the wetting agent which
290 Prevents the phenomenon of clogging of nozzles caused
by precipitation of the water-soluble dye- through
;;evaporatlon of water in the 1nk.._ ‘
_ . ‘A solubilizing agent can be also added in the .
. ink. Typical solubilizing agents are nitrogen- .
25 containing heterocyclic ketones, and- -their ihteﬁde@
~action is to improve dramatically the solubility of the

. water-soluble dye in the-liquid'med;um. For example,



the ink jet recording nEthod:of the type in which ink 20 i char ged,

" specific resistance controllers .of inorganic salts such as lithium © e

chl ori de, ammoni um chloride, sodiumchloride, etc., may be added. Further,
when ink is applied for the ink jet-recording systen1of the type in which
ink is discharged by the action of 25 heat energy, thermal physical
properties (e.g. specific heat, coeffic - of thermat expansion, thernal
con- ductivity, etc..) may be sometimes control L ed. o1 In the
present invention, it can be considered, as nentioned bel ow, how col or

form ng characterlst c.of image ti ens and; do sh .can be

i mpr oved. lThéN'W%t Y# %ﬁgYEggglﬁ?ng gcg g?ﬂﬁkbﬁbe '%Ff OiE%%PPgecontent
of | oading materia L % B g - sorbing capacity of |oading materials,
the ink col | i?®¥ aft% T % pap%r Wt ace is blurred along the fibers to

di sturb the dot shapeg,e a{:ré%ﬁréén?r&h”?u&ﬂecgiﬁﬁohénEEn?Eri‘t@@l@eeP

into the inner portlon of wher eby the optical density of

image will bestouriéfe h £Q€o?&hﬁ§ éﬁaéacﬁéasstibg (8sghelngeBpehE), of the
present invention contains spherical silica with appropriate particle

di ametersgi n 46&bsLLERCEE| Byghiandroplébetopmadtonl, Ghechadying(in |arge
anount ), the 15 probability of the 1ink droplets being captured and

absorbed by t&eabpbitysatontinuaussracghdingepebfobimancengvandadilphgsi on of
the ink nmay be considered to
. time, discharging stability after recording stopping

over a long time), storage stability, fixability onto a k;)
recording medium, and various additives may be further

10 = added thereto fOr improvementfof_thesé_characteristics.
For example,'-th"ere may be employed viscosity control-
lers of water-soluble resins, etc., such as polyvinyl
alcohol, celluloses, etc.; various surfactants such as
cationic, anionic or nonionic surfactants; surface

15 - - tension controllers such as diethanolamine, trie-
thanolamine, etc.: pH.controllers with buffer solutions,
.etc. )

Also, for formulation of an ink to be used for

the ink jet recording method of the type in which ink

o0 1is charged, specific resistance controllers-of =~
inorganic salts such as-lithigm chloride, ammonium:
chloride, sodium chioride,'eté.; may be'added " Purther,
when ink is applied for the 1nk jet recordlng system of
the type in ‘which ink 'is discharged by the actzon of

25 heat energy, thermal physical’ prppertles (e.g. specific
heat, coefficient of thermal expansion,  thermal con-

ductivity, etc.) may be sometimes controlled.



*be inhiBited to i nprove the dot shapes. Further, in the case of spherical
S|Lbca since uni.formty in shape 20 and size of the voi ds between the
.secondary particles is high, the inprovement effect of the dot shape may be
considered to becone greater as conpared with the case of anorphous silica.
Al so, in the recording nmediumof the preggnt 25 invention containing )
spherical silica, since the ink absorbiig’eapacity of the spherical silica
is high, the ink remains near the surface of the printed surface, 1 and
further capillary condensation of the dye is liable to occur near the

surface 1ayer of the ngogﬁg ré?@ﬂéci ngﬂgn5|+£C@ag ﬁéﬂ&eﬂ&&e si zes
eftic

with small scattering co ent, ere y excelTent co orn1ng

characteri sti cagnfewPidked BEISK ) mwyc&ﬁo:s%fﬂﬁfdcﬁ&b@t@ﬁm@ié egg In

the present invention, it may be considered as follows how ink absorptivity
and coated | ayimagd J %m&ibsnméxesifgarm&oawlémap@ caRi bé Npmexseed ent 10
color form ng characteristic of the image by using particularly a

si |'i con-cont ai ni.ng watErasasiplin pee neasa@sof he becoeding paser ectlvi ng

| ayer. That is, when a water-soluble polynmer is used as a binder for

spheri cal si | ibkttieccontant of ldmdinsy nateriablobl smabl yink alrst be

increased in order to inpart sufficient coated Ia er strength, whereby the
sorbing capacity of loading materia the ink collided

with the paper surface is blurred_along the fibers to
disturb the dot shapes, and at the same time the dye is
penetrated deep into the inner portion of the paper,

10 whereby the optical density of image will be lowered.

. On the other hand, since the recording medium
of the present invention contains spherical silica with
appropriate particle diameters in the surface layef and
in the inside of the medium (in large amount), the

15 probability of the ink droplets being captured and
absorbed by the spherical silica is high, whereby
blurring and diffusion of the ink may be considered to

Y be inhibited to improve the dot shapes. Further, in
the case of spherical silicg, since uniformity in shape

o0 - and size of the voids between the secondary particles
is high, the improvement effect of ﬁhe dot shape may Be
cohsidered,to becéme greater as compared with the case
:offamorphous silica. |

Also, in #he,recofdiné med{um.of_the'presént
25 | invéntiqn‘céntaining_spherié&l silica, since the ink
| absorbing capacit§ of the spherical silica is high, the

ink remains near the surface of the printed surface,



I nterparticul

_ particles becone smaller and ink absorptivity is liable to be 1owered. 20ng

On the other
i n-the presen
silica.to hav

ate voids betmeen and the inner surface area of the pigment _.

hand, the silicon-containing water-soluble polyner to-be used
t in- vention fornms a chem cally bound product wth spherical
e a strong binding force, and therefore the anount of the

silicon-containing water-soluble 25 poﬂMvBr formul'ated for inparting

sufficient co

- of a water-so

ated layer strength may be smaller as conpared with the case-
| ubl e polymer of the related'art 1 Accordingly, in the

Becoms poke: Beg £ %e%f‘%a%'&e#%? R |18y o AR ayer

strength. 5
smal | anount
medi um havi ng
absorptivity
10 soluble d
of the image

52 PREUE V@f”ﬁ?‘é’%‘ﬁa‘orgﬁl@fenrg%%ﬁﬁhgnp: SRS Tocordi ng
pitkiiaken tsgatsqgﬂc%vwaﬁ £ Zsf%e%q%b £ diflema1)

talned ut due to snm nity between t e water-

¥eadtdrifg Boleeicileht,e Wherdhy Exdiadnd Y1 tEdMimeNSi ty

is low Accordingly, by using as the binder a silicon-

cont ai ni ngs Wakhkraekteklie thel WHar optdcalp AenEaityC it i @onsideadd il i on,
It beconmes possible to inprove 15 i nk absorptivity and coated | ayer

strength at t

as follows how ink absorptivity and coated layer K;J

10

be ezhtbited.

In the present invention, it may be considered

strength can be improved while maintaining excellent

color-formiﬁg.charécteristic of the image by using

particularly a siliCon—containing'ﬁater-soluble polymer

"~ as the binder in the receiving layer.

15

20

“That is, when a water-soluble polymer is used
as a binder for spherical siiica,.the amount of the
water-soluble polymer must be increased in order to
impart sufficient coated layer strength, whereby the
interparticulate voids between and the inner surface
area of the pigment particles become smaller and ink
absorptivity is liable to be lowered.

- On the other hand, the silicon-containing -

' water—solublé'gbiymer to be used in the present inb

‘vention forms a chemically bound product with sphérical

25

silica’to have a strong binding force, and therefore.

the amount Of;the-silicbn¥¢°ntaihing water-soluble

_polyme# fdimulated-for.imparting sufficient coated’

layef;strength”may be Smaller"as’cbmpafed”ﬁith the

case of a water-soluble polymer of the related ‘art.

-



time while maintaining nore excellent optical density of the inage.
AQQgrdlng to the present invention, ‘i nk can be absorbed rapidly into the

.i nner portion of the recording 20 nedium w thout the phenonenon of

fl owout or blurring of the ink even mheaégnks with different colors may be
‘attached on the sane site within short t to give a recorded i mage of

hi gh resoluti-on w th -excellent color formng characteristic. Al so, because
of strong coated 25 |ayer strength, powder drop-off will occur with dif-
ficulty, mhereby t he probl ens such as clogging of nozzle,. etc., wll

hardl'y occyr. eﬂ?i%/ -{ﬁet? &?gggggigfneagsdkaglﬁé %ﬁ'& Bfffé&ﬂ—

i nvention IS sul t abl INg I N genera

particularly f@snédinigs Jr&ﬁ@f-déﬂﬂuﬂfé hﬁély:ﬁéﬁvelel becdhes pOSsSHLEAES
tension of the recording liquidis from40 to 60 dyn/cm ‘excellent effect

can be obt ai nesbtdi® bt SatgsdY mkoabsaﬁgsaﬁwtysana coRtédalagensity,
I nk absorptivity at the sane tinme. The present invention is described in

nore detail bystmdrggthang to the follow ng Exanples and 10 Conparative

exanpl es, by which the present invention is not limted. In the

descriptiof, parts or Bisee wherda gpolpnghic emibsiontihervsed abenécul arly

noted. Exanples 1-5, Conparative Exanples 1-3 As the starting materi al

pul ps, 80 partihr & small amount as the binder for the porous inorganic
pigment, a recording medium having sufficient coated
layef strength and excellent ink absorptivity can be
obtained, but due to small affinity between the water-

1d soluble dye and the binder, there is the drawback that

optical density of the image is low.

Accordingly, by using as the binder a silicon-
containing water-~soluble polymer and a polymeric
emulsion in combination, it becomes possible to improve

15 ink absorptivity and coated layer strength at the same
time while maintaining more excellent optical density
of the image.

KJf - According to the present invention, ink can be
absorbed rapidly into the inner portion of the recording

o0 mMmedium, without the phenomenon of flow-out or blurring .
of the ink even when inks with different colors may be
"attached on the same site within short time, to give a
}recofded image of high resolutiongwith excellent color
;forming characteristxc.. Also, becaﬁse of strong coated

25 jlayer strength, powder drop-off w111 occur with 4if-
flculty,-whereby the problems such as. cloggzng of

.nozzle,<etc.,.will;hardly.occur. Accordingly, the



15 LBKP with a freeness (C.S.F.) of 370 m and 20 parts of NBKP with a ..

Ve

freeness of 410 m were enployed, and a synthetic spherical silica was Nl

internally added as the | oading materi al
the pul p-solid content,
National) as the yield enhancer in an’

the pulp solid,” and further a polyacry 1de type yield enhancer . A

(Pearl frock FR-X, produced by Sei ko Kagaku Kogyo). was added in an ano

0.05 wt. % i medi ately before 25 paper-nmaking, followed by paper- maki

a basis wei g%dgrhdﬁ?x%grléﬁi@m Rye Usie Oéflésgﬁgpin\?éﬁgﬂé‘gg%inﬁ:&%égi r

an oxidized'starc. . ! ! :
with a concengiaidnily FHor? %oy PiARCHIElgdePal) 28ull 8850 dp¥tELchPasiye

ol uti

800, produced NI ppo

recording nmedia of the present invention and for conparative purpose.
synthetic splfor dalk Sjdt aRfccr iy ek tiod. S5 AlbSvée had, behen. tixanpl e 1
Hi persil -3 (trade name, produced by Shandon Co.; average dianeter, 3.
[err]; fine moxfasiezdenidn eff |thelrecording higpbdtisnfxdmté® particl es
in the particle size range of average dianeter 1.5 [err], 97% Exanpl
Wakogel L&- 161 dyn/cm, excellent effect can be obtained which can .

10

15 .

20

.25

satisfy color characteristic,'opticalndénsity,.ink.

- absorptivity at the same time.

‘The present invention is described in more
detail by referring to the following Examples and
Comparative exampies; by which the present invention is
not limited. 1In the description, parts or § are based
on weight, unless otherwise particularly noted.

Examples 1l-~5, Comparative Examples 1-3 - .

As the starting material pulps, 80 parts of

._LBKP-with a freeness (C.S.F.) of 370 ml and 20 parts of

"NBKP with a freeness of 410 ml were employed, and a

synthetic spherical silica was internally added as the

loading material in an amount of 35 wt.$% based on the

‘pulp solid content, and a cationized starch (CATOF,

produced by Oji National) as the yield enhancer in an
amount of 0.3 wt.$ based.similarly.on.tﬁe pu;p.solid,

and.furtheﬁ a polyacrylamide type yield enhancer . .

: (Pearlffock'FR—x, produced by Seiko Kagaku Kogyo) was

adgéd.in’én amount. of OaOS-Wt,%”immediétély before -
papér;making;-follbwed 5y.paper—making.atwa_basis;weight
of 70 9/m2 by use of a TAPPI standard éheet'former.-

Then, an oxidized starch (MS3800, produced . by.

in an amount of 35 wt. % based on
and a cationized starch (CATOF, 20 produced by Qi
unt of 0.3 wt.% based simlarly on

unf of
ng at
Then, -
on

The

2

e 2



(trade name; produced by Wako Junyaku Kogyo; 15 aver age dianeter,
10 ; err] frne pore size, 90 A) Exanple 3 Hipersil-5 (trade nane; produced
py < andon Co. average diameter, 5 [err]; fine pore size, 120 A 20
proportion of t he particles in the partlcle size range of average di ameter
1.5 [err], 949 Exanple 4 TSK g€l silica 60 (trade nane; produced by Toyo
Soda Kogyo; 25 - aver age dianeter, Q%berr] -fine pore size, 60 A :
Exanple 5 Unisil @G0 -28- 1 - (tra e name; produced by Gaskuro
Kogyo; average dianeter, 10 [err]; fine pore size, 35 A) For conparative
pur pose, the above spherlcal silicas were reglaced with the Ioadin%

mat eri al s sHownNEppeB| §hokyhin) e sednpirnt witheragpneentrakionactyate¥aspl e
1 Synthetic annrghous silica (Syloid 72, produced by Fuji Devi son Kagaku;
average di anet epttachedcby)a pize 569§5sﬁ28109760151ve recordingcpRfaRat i ve

exanpl e 2 of the present invention and for comparative purpose.
- The synthetic spherical silicas employed were
5 as shown below.
Example 1
Hipersil-=3
U ' (trade name, produced by Shandon Co.; average
diameter, 3.2 um; fine pore size, 120 i;
10 - proportion of the particles in the particle
size range of average diameter £1.5 um, 97%)
Example 2
Wakogel LC-1-0K
(trade name; produced by Wako Junyaku KoQYo;
15 average diameter, 10 um; fine pore size, 90 i)
Example 3 | |
: Hipersil-5
-/ T " . (trade name; produced'by Shandon Co.; average
diameter, 5 um; fine pore size, 120-5;
20 = proportion of the particles in the particle
size range of arerage diameter +1.5 um, 94%)
Example 4 = ' '
-Tsx“gel silica 60
(trade name; produced by Toyo Soda Kogyo; "
B 25 B average diameter, 5. um; fine pore size, 60 R)

'Examgle 5
Unisil Q30



Heavy cal ci um carbonate (Escaron #200, produced by Sankyo Seifun)
Conpar ati ve exanpte 3 15 - Talc (LM S1, produced by Fuji Talc Kogyoﬁd
average dianeter, 2.3 [err]) For the above recording nedia ink jet .
recording was perforned by.an ink jet printer (produced by Canon, 20
"PJ-1080), and ink jet recording aptitude was evaluated.. (1) Dot size

D aneters of 20 printed dots were neasu by a stereoscopic m croscope,

and shown as an average value. (2) Dot shape 25~  -- Printed dot was
observed by a stereoscopic nmicro-. scope, and a shape whi ch is
-substantiglly circul ag r h ch i S|I deforned

I n 1 cﬁrcular dlané rade ﬁ%ﬁg %r§5395% %&bﬁﬁ%§ﬂ§ %9 Col or
form ng characteristig; Jn@c8pessoOfmth | or,_af j t recorded I mage
was conpared by wsuallobservatlignLm 1g%a og%egﬁgi ?gtﬁg ranks of [err],

o, [err], x with the bestcomgapativel purbodtd the WBLY G4) Optical
density The solid printed po?tlon masﬁneggured by a %bgpﬁegéﬁsﬁtoneter
TR-534 nodel . sﬂDrcas were géplacadl wsthr ehehavadifgmlkerials shown

5 Dbelow to give Comparative examples.

Comparative example 1

Synthetic amorphous silica
{syloid 72, produced_byJFuji Devison Kagaku; W
average diameter, 4.3 um; fine pore size, 170

10 A

Comparative example 2

Heavy calcium carbonate
(Escaron #200, produced by Sankyo Seifun)

cOmparative example 3

15 - Talc _ _ _
(LM-S1, produced by Fuji Talc Kogyo; average
diameter, 2.3 um)
For the above recording media ink jet recording A
was performed_by_an.ipkajet printer (produced by Canon,
20 PJ-1080), and ink jet recording aptitude was evaluated.
(1) Dot size C o
.Diameters of 20 ﬁrinted dots were measured by a
stereoscoplc mxcroscope, and shown as. an. average value.
(2) Dot shape
25 a _J; Prlnted dot was observed by a stereoscopic mlcro-,

scope, and a shape whlch is substantlally cxrcular is

rated as o, a shape which is sllghtly deformed in



Zlnk,conp05|t|on) C.1. Direct Blue 86 - ' 3 parts

Di et hyl ene gl ycol ) : ' 30 parts N-nethyl-2-pyrrolidone
10‘barts 15 Pure water . 60 parts
(Surface tension at [err] 54 dyn/cm 20 25 1

Table 1 Item Col or Det form ng Optical 5

di aneter - Dot *  charac- dehsit?flerr] shape teristic
(G D.). Récording paper: Exanple 1 385 .0 [err]

0. 68 Exanple 2 392 . [err] 0.71 Exanple 3

390 o] I 0

lerr]  0.Y1 Siaeran 1 Hildmeter 9azfo £0 an a ’F}m‘ﬁ“fhs hape Fk,
Conpar ative examl e cblor forﬁx%g charactéfféﬂlc o 0.59
Conpar ati ve exanple 2 X 0.56 15

Conparative exanp|ESharpness4H$ the-coloﬁ<of_the inK 8t recorded: 52
image was comp&red by visual observation, and evaluated
 5_ at the ranks of o, o, 4, x with the best one being e
and the worst one.x.
(4) Optical density

The solid printed portion was measured by a Macbeth

~ densitometer TR-534 model.
10 The results are shown in Table 1.
(Ink composition)
C.I. Direct Blue 86 - 3 parts
Diethylene glycol - : 30 parts
N-methyl-2-pyrrolidone 10 parts
15 Pure water | - .60 parts
| (Surface tension at 25°C 54 dyn/cm) o
N\

20

25



‘Exanpl & 6-By use of LBKPwith a freeness (C.S.F.) of 400 mi, talc (LMS1, _
produced by Fuji Talc Kogyo) was added internally thereto as the |oading .
~material in an anmount of 20.w.% based on the pulp solid content, and a .
cationi zed starch (CATOF, produced Qi National) as the yield enhancer in
an amount of 0.2 wt.% based sim-larly on the pulp solid, followed by"-
paper - imaki ng. 25 at a basis weight .of 78@/[err] by use of a TAPPI standard
sheet forner to provide an original paper.- 1 Then, the above
paper was subjected to im pregnating coating treatnent with a solution
having thg follow ng conposition by negie of a size press device 2 to a
dried coating anmount -of "4.0 g/m, followed by 5 drying in a conventiona
manner, to obtain the recordi ng paper .of the present invention, Polyvinyl

al cohol (PVALO5; produced by Kuraray) . 4 parts Synthetic spherical silTica

10 (Dever.osil. 100- 3; produced by Ndems Kagaku; average di aneter, 3.3
[err]; the proportion partic |
average dianeter [err]1.5 [err], .80% . Colawts water |
92 parts Dot : forming Optical
5 ' .. diameter Dot . charac- density
~ (um) shape teristic = (0.D.)
Recording paper: ' _
Example 1 _ 385 o e 0.68
Example 2 . 392 o ; e 0.71
' o/
Example 3 390 o § o . .. _0.79
10 Example 4 .- 388 . o o 0.71
Example 5 . 394 o _ e - . 0.72
Comparative o s
example 1 403 A _ o 0.59
éomparative
example 2 442 x B - 0.56
15 . Comparative _ o N
example 3 418 _ X A 0.52
o/

By use of LBKP with a freeness (C.S.F.) of 400

ml, talc (LM-S1l, produced by Fuji Talc Kogyo) was added

,20 | internally thereto as the loading material in an amount
of 20. wt. % baséd on the pulp solid content, and a
§ationized starch (CAIOE, produced_ Oji National) as
thé'yield enhancer in-an amount of 0.2 wt.% based

_ similarly on -the pulb'solid.~foildwed by paper-making

.25

at a basis weight of 70 g/m2 by use of a TAPPI standard

sheet former to proviae'an original paper.



15»— ; On the above recordlng medi um - ink jet recording was perforned
MALh the use of the ink shown below, and the ink jet recording
chafacteri.stics were evaluated sinmlarly as in Exanples 1 to 5. The

results are shown in Table 2. 20 Ink A: surface-tension 68 dyn/cm
(Conposition) dycerine . - . 10.parts Pure water
90 parts C.|. Acid Red 87 3| - 2 parts Ink B: surface
tensi on 64 dyn/cm (Cbnp05|t|on) 25 Di et hyl ene gl ycol

5 parts (HyCerine 10 parts Pure wat er

85 parts - Aci d I nk C

surface tehglon 58 dyn?ﬁgn' the aF&B EPEEON SDFgPH? ene g yéo
30 parts Pure ﬁ@&&ﬁatlng coating treatment w1th a soigtﬁéﬁtﬁagln theC.

Acid Red 87 2 parts Ink B surface ténsion 44
dyn/cm £601BGSHh l@BﬁpE&ﬂihéﬂebQ|Mﬁﬁhs of a size press device 15
parts D ethyl ene glyco 15 parts Pure water

70 parts 10 to aAdeigdotoltliing amount of 4.0 g/m“, followef. Byparts C. |
Acid Red 87 2 parts Ink E: surface tension 33

dyn/cm 5 @Cpipgsiti anyohvenptionayl paoher, to obtain the recording 15
parts : '
: paper of the present invention.

Polyvinyl alcohol (PVAl05; produced by Kuraray)

\_) | 4 parts
Synthetic spherical silica
10 - (Deverosil 100-3; produced by Nomura Kagaku;
average diameter, 3.3 um; the proportion of
particles within the particle size range of
~ average diameter f1.5 um, .80%) 4 parts
Water , o . 92 parts
15 ) On the above recording medium,.ink'jet recording
was performed with the use of the ink.shown below, and |
_ the ink jet recording characleristics were evaluated
\fj .similarly as in Examples 1 to 5. The results are shown
in Table 2.
90 .  Ink A: surface tension 68 dyn/cm (Composition)
Glycerine _ - 10 parts
_.Eure.water _ , 96 parts
C.I. Acid Red 87 ' D | 2 parts
Ink B: surface tension 64 dyn/cm (Composition)
25 ﬁiethylene glyéol o Soe T 5 parts
Glycerine ' - . | 10 parts

Pure water ' . 85 parts



Di.et hyl ene gl ycol _ : 15 parts 15 Pure wat er

70 parts Acetynol EH - 0.7 parts C. 1. Acid F@du*
87 2 parts Ink F. surface t.ension 28 dyn/cm :
(Cbnposition) Et hyl cel | osol ve . 10 parts 20
Di et hyl ene gl ycol 10 parts Et hyl ene gl ycol
10 parts Pure water _ SERY I + 60 parts Fl orade FC430
1.5 parts C.1.- Acid Red 87 ' 2 parts 25 Table 2
Ink A B C D : E F 5 Surface tension: 68 64 58
44 33 28 Evaluation ltem . Dot dianeter [err] 321 337
363 3781 .395 Gd- AsidkResk 87 "~ [err] o "o 3 part@
[err] Color forming characteristic - ;% [err] [err] . . 0
10 Optical densi tﬁ&)&l syrfgse oten?l?f! 8 dyr/emo, 60 S the
recordlng medi a Oﬁntiﬁiyﬂkﬁéfnt |nvent|on _ 30 parts
Pure water . 70 parts
5  C.I. Acid Red 87 2 parts
Ink D: surface tension 44 dyn/cm ' (CempOSition)
Ethylene glycol : N B . 15 parts
Diethylene glycol : 15 parts O/
Pure water - 70 parts
10 Acetynol EH o ' | 0.2 parts
' C.I. Acid Red 87 = 2 parts
" Ink E: surface tension 33 dyn/cm (Composition)
. Ethylene glycol ' ' 15 parts
Diethylene glycol 15 parts
15 Pure water | 170 parts
Acetynol EH ' S 0.7 parts
C.I. Acid Red 87 | 2 parts
| o o S o’
Ink F: surface tension 28 dyn/cm - (Composition)
Ethylcellosolve : 10 parts
20 'Diethylene;glycel B . 10 parts
- Ethylene glycol S 10 parts
' Pure water ) ' 60 parts.
Florade FC430 ' A '."1:' 1.5 parts

. C.I. Acid Red 87 - . 2 parts

25



sobpained'in Exanpl es 1-6, by use of the four kinds of 15 inks as shown
belgw, an ink jet ‘recording was practiced by use of a recording device
,having on-demand type ink jet recording head (orifice size 50 x 40 [err];

t he nunber of nozzle, 24; driving voltage, 24.5 V, frequency 2 KHz) in

whi ch bubbl es are generated by a heat gener- 20 ating- resistor and ink is
di scharged by the pressure of the bubbl es®dvel | ow.ink C. 1. Direct yellow 86

) 2 parts N-nethyl-2-pyrrolidone - - 10 parts 25
Di et hyl ene gl ycol ] 20 parts Pol yet hyl ene gl ycol #200
15 parts Vater Table .2 ' 55 parts Magenta ink
C. 1. Acid Red 35 2 parts N-nethyl-2-pyrrolidone

10 parts 5 Di et hyl ene gl ycol _ 20 parts

Pol yet hyl ene gtytot—+#266 —3+5parts_ Mater

55 parts Cyan ink C.1. Direct Blue 86 Ink . 2 parts 10

N- et hyl - 2- pyrrol i done to—parts—brethyt+enre—ghHyeel

20 parts o A B D . E F

5  Surface tension: 68 64 58 44 33 28

Evaluation Item:
‘Dot diameter

(um) 321 337 363 378 395 40l
Dot shape - A .0 o o . O A
o/ :
Color forming ; , _
characteristic A o ® ® o o
10 Optical density 0.51 0.69 0.76 0.74 0.67 0.60
Example 7
| On the recording media of the preéent.invention
obtained in Examples 1-6, by use of the four kinds of
1 inks as shown below, an ink jet recording was'practiced
by use of a recording device having'on-demand type ink
Y jet recording head (orifice size 50 x 40 um; the number
of nozzle, 24; driving voltagé, 24.5 V; frequency 2
KHz):in which bubbles are génerated by a heat gener-
20 ating resistor and ink is disch;rged by the pressure of
the bubbles. . |
' Yellow ink
C.I. biréct yellow éG - . 2 parts
N;mgthyl-é-py;rolidéne . H._ 10 pérts
25 Dieth;ieﬁé'gIYcol o : . éo parts

Polyethylene §1ycoi:#200 - oo 15 paits



Pol yet hyl ene gl ycol #200 o 15 parts Water : .
55 part's Black ink 15 C. 1. Food Bl ack 2 - : 2 A
parts N-met hyl - 2- pyrrol.i done - : 10 parts Diethyl ene glycol
20 parts Pol yethyl ene gl ycol #200 15 parts Water.

55 parts. 20 . Asaresult, in ewgﬁy.recording medi um ~ sharp col or

I mges with excellent color formng:characteristic and high optical density
wer e obtained. Exanples 8-1], Conparative exanples 4,5 As the substrate, a
general fine paper with the size degree of 35 sec. based on JI SP8122 (G nwa

.(trade 25 name); basis weight 64-g/[err] ; produced by Saqﬁpﬁggggiaku K. K)
Wh

was used hnd a cog?Fﬁg sol ution having a 1 conposition’s el ow was

coated on the sub§§rat§aggni dried coating amount of 15 g/[err] by a bl ade

coater, followed - a conventional -manner, to obtain the
recording medi um {0 ybe Jused gy t present invention. 5 \yaéﬂmthetic
- Is ]

spherical silica 00 parts Pol yvinyl al cohol (%’Adl?; pr oduced
g%OKg;?{2y4he synthﬁﬁgzii%;g%§§6¥§ﬁﬁﬁifex%fg;ed are 19 parfs
5 Diethylene glycol o . 20 parts
| | Pol&etﬁyiene glycol #200 |  15 parts
Wateﬁ | > _ ' .55 parts
Czan;ink ' W,
C.I. Direct Blue 86 2 parts
10 N-methyl-2-pyrrolidone | _ 10 parts
Diethyiéne glycol - | 20 parts
” Polyethylene glycol #200 15 parts
Water _ - Ss.parts
Black ink - |
15 c.I. Fooa Black 2 2 parts
N-ﬁethyl-z-pyrrolidone | - 10 parts
Diethylene glycol . 20 parts
Polyetﬁylené glycol #260 | 15 parts N
.Water; : ) - 55 pa:ts
20 ) As a fésulﬁ,:in.every_recording mgdium,lsharp
coiof images with ekcellent‘color forming charagteristic
and high oétical density were obtained.
Examples 8;11, Compaéativé exémples 4,5,'
As}the substféte, a'genefalfine p@pe:.with the
55 -'giZedegreé of 35 seé; bhgéd.on-JIspélzz'(éinWa (tréde

. hame); basis weight 64 g/mz;_produced by{SanyQ Kokusaku

'K.K.) was used and a coating solution having a



'Ipéﬁshohn bel ow. (Exanple 8) Hipersil-3 (as descri bed above) (Exanple 9) .
Hi.persil -5 (as described above) 15 ‘(Exanple 10) "Hipersil-10 (trade nane;

. produced by Shandon Co.; average dianeter, 9.8 [erf]; proportion of the
particles within the pafti.cle size range of average dianeter 1.5 ferr],
849% (Exanple 11) 20 Deverosil 100-3 (a$dBescribed above) Also, for
conpar ati ve ‘purpose, the above spherical silica was replaced with the wet
process. synt hetic anor phous ‘silica shown bel ow to gi ve Conparative 25
exanpl es. (Conparative exanple 4) Nipsil E200A (trade nane; produced by

Ni ppon i

compdd it ich Keh bddiow Avaes aEiSa €@ Gh Ckhe lsibd €Fdde at

proportion of the particles within the particlg size range of average

di amet er [err]dl.driet rdoatity dnisumaraf i V% ¢/mibe &)bbade coatépsi| ELS50K
(trade nane; produced by N ppon Silica Kogyo K K.; average dianeter, 4.6
[err]; proporticdiayed thy phryting don \a t¢onvenkigral imarner, to obtain

5
N\
10
15
U
20
) 5

the recording medium to be used in the present invention.
._Synthetic spherical silica 100 parts .
Polyvinyl alcohol (PVALl7;
produced by kuraray) _ _ . 50 parts
Water _ _ S 380 parts
The synthetic spherical silica employed are
shown_below,

(Example 8)

Hipersil-3 {(as described above)

(Examp;e 9)

~ Hipersil-5 (as described above)

(Example 10) _ _
Hipersil—lo_(trade name; produced by Shandon Co.;
average diameter, 9.8 ﬁm;_proportion.of:the
particles_within the particle size range of
average diameter *1.5 um, 84%)

(Example 11) :

| .ﬁeverosil 100-3 (as desériﬁed above) o
Also, for comparative pﬁrposé, the above sphé:ical

~ silica was repléced with the wet Ptgéesé synthetic
amprphoﬁs silica shown'belbﬁ_to give Comparaﬁive
| gxampleé, | | | | )
(Comparative exampié_d)

Nipsil E200A (trade name; produced:by Nippon



si.ze range of average dianeter 1.5 [err], 8% On the above recordi ng nedi a,..
ink jet recordi-ng 10- was- perforned by an ink jet printer (PJ-1080; ~th.
produced by Canon), and the ink jet recording aptitude was eval uated.

Eval uati on was conducted for optical density (O D.), color form.ng
characteristic, dot dianeter, tnk 15.absgrptivity, coated l'ayer strength.
The-ink absorptivity is represented by $Pe-anount of ink absorbed within

one second after solid printing of cyan. |Ink absorptivity is-better, as

t he nunerical value is greater. 20 The coated | ayer strength was

reasur e, by w1l pn gt K £ogel g Lasepsutace of oL recording
no 25 powder dr o STRouF T 76 The BFTS1S158 AR eise’ PBer PR ERE B e md uim
bowder b op-of § wiTTPd e okl Avedolfe (afafic el RIS, mpitho¥) 7 97O
results are s drh AR Cesdampidksponposition) C 1. Direct Blue 86
3 parts 5 ethyl ene glycol _ o - 30 parts
5 = Nipsil E150K (trade name; produced by Nippon
Silica Kogyo K.K.; avéragé'diametéf;'4;6'nm;
proportion of the particles within'thé'particle
size range of average diameter *1.5 um, 8%) U
'On the above recording media, ink jet recording
10. was performed by an ink jet printer (PJ~1080; produced
by Canon), and the ink jet recording aptiﬁude'Was '
evaluated. |
Evaluation was conducted for optical density
(0.D.), color forming characteristic, dot diameter; ink
15 absorptivity, coated layer strength. ..

' The ink absorptivity is represehted'by'the
amount of ink absorbed within one second after solid
printing of cyan. Ink absorptivity is béttet, as the
numerical value is greater. o

20 | .The coated layer strength was measured by
writing on the ink”receiving-lafgr surface of the
- recording medium with three pencils of 2H, H, HB, and
‘the mediuﬁﬁﬁhich gave powder drdééoff_withﬁfhé_qse of
any penéil'ﬁﬁs rated as”x,uéhé medium which gave no
25 pdwde;'droprff with the use of_#ny pehcii:asﬁé,—andl
| the medium which g;ve-nd powdér'droé—off_@ith the use

of HB pencil but which gave powder drop-off with H and



"N pet hyl- 2-pyrrol i done 10 parts Pure water

60 arts. (Surface tension at [err] .54 dyn/cm Conparative exanple 6 10
ecordlng medi um of Conpar-ati ve exanple 6 was prepared in entirely the

sane manner as in-Conparative exanple 5 excépt for changing the amount of

the poly- vinyl alcohol formulated to 70 parts, and its ink jet .recording

aptitude was evaluated The results are 3% shown in Table 3. 20 25

Table 3 ItemColor.5 - ptical forming Dot ‘I nk ab-
Coat ed density charac- di aneter sorptivity layer (O D.) teristic
forr] 5% d Henot ey BV Tl 0FC 0T 1R T ey
‘\'2%.1?15x[er§j 74X[er:)] 10 Exhrspll%%% Ak, sr}°‘;’§ jn,Tepte 3. 250 |
2.88x[err] : (f%ﬁjggﬁﬂggfegbﬁyanple 4 1.25 [err] 232
2.84x[ err] X
' C.I. Direct Blue 86 o 3 parts
5 Diethylene glycol : _ _ 30 parts
N-methyl-zepyrrolidohe- : io parts
~Pure water | | . 60 pérts
\,/. (Surface tension at 25 °C 54 dyn/cm)
Comparative example 6
10 ‘A recording'medium of Comﬁarative example 6 was
prepared in entirely the séme-manner'és in'Comparative
example 5 except for changing the amount of £he poly-
vinyl alcohol formulated to 70 parts, and its ink jet
recordiné aptitude was evaluated. The results are
15 shown in Table 3.
\_J

20

25 -



Conparative exanple 5 1.02 o . 220 3.10x[ err] X -
" Conparative 15 exanple 6 1.36 - o] 252 2.30x[err] A
‘o Exanple 12 As the substrate, a general fine paper (G nwa: trade namne, '
basis weight 64 g/[err]) was used and- a coating solution having a
. conposi tion shown bel ow was coated on 20 the substrate at a proportion of
dried coating amount of 2 12 g/[err] by3®8-air.knife coater, followed by
drying in a conventional manner, to obtain a recordi ng medium Spheri cal
silica (H persil-5) - 100 parts Polyvinyl al cohol (PVA117;.
- produced 25 by Kuraray) . - , 20 parts
Pol yvi nyl lal cohol (PVA105; produced b¥aRdfasay) - S ' .
40 parts Cationic resin (Polyfix601; produced by Showa Kobunshi)
5 parts 5 WAt er : Z50 parts n the
recordi ng nmedium .ink jet recording was perforggg simlarly as in Exanple 6
and its recording characteristics were eval uat “™he results are shown in

Table 4. 10 Fabte—4—mk-
Color :
5 : Optical forming Dot = . Ink ab~ Coated
density charac-  diameter sorptivity layer
(0.D.) teristic (um) - cc/cm2 strength
Recording medium: ' : ' e -3 .
Example 8 1. 40 @ 235 2.92x10 o _
Example 9 1.35 ® 218 3.74x107> o ~
Example 10 1.18 o 224  3.asx1070 o
Example 11 - 1.33 ® 230 2.88x10 3 o)
Comparative -3
‘example 4 - 1.25 ® - - 232 2.84x10 ~ x
Comparative : : ' : ' -3 B
- example 5 1.02 o 220 3.10x10 I
Compai;aﬁive - _ -3
15 example 6 . 1.36 o 252 2.30x10 ° ° . ©
Example 12
As the substrate, a general fine paper (Ginwa: &
trade name, basis weight 64 g/mz) was used and a coating
solution having a composition shown below was coated on
?0 the substrate at a proportion of dried coating amount of
12 g/m2 by an air knife coater, followed by drying in a
cbnventionalhmanner, to obtain’'a recording medium.
‘Spherical silica (Hipersil-5) 100 parts
Pplyvinyl'alpbhol'(PVA117:-pioduced

= by Kuraray) ' . | 20 parts



A B : .C D - E F Surface tension: 68 64

58 44 ~ 33 28 Evaluation item: 15 Dot dianeter 280
315 342- . 360 366 381 {err] Dot shape - [err] 0
o] o] -0 [ere] Color formng characteristic [err] o]
[err] [err] [err] o Optical_density (OD.) 0.76 0. 87 0.92

0. 89 0.82° 0.69 20 Ink ab- sorptivi@f 0.86x[err] 1.15x[err] - -
2.01x[err] 2:15x[err] -2.30x[err] 2.88x[err] cc/cnR Exanples 13-17 As th
substrate, a general fine paper with the 25 size degree of 35 sec. based
on JI SP8122 (G nwa; _trade -name;. basis weight 64 g/m; produced hy Sanyo
Kokusaku PWl p K K. ) PRI¥Vviayd algohodofEVidd 085 prodeceding a = 40 1
conmposition shown bglo was _cQated on the substrate at 2 a gried coati ng
anount of 15 g/ m by & DEF2E8&Per, followed by drying in a c8fvBAEESnal

manner, to obtain tEgtggﬁgedEggigeq5%q&&gx%%1gs%goh@c%ge present invention.
by Showa Kobunshi) : 5 parts
5 Water o | 750 parts
On the recording medium, ink jet recording was
'performed similarly as in Example 6 and its récording

characteristics were eiraluatéd. The results are shown

\/’
in Table 4.
10 : ' Table 4
Ink
A B o] D B F
- - Stirfacd tensiorn: '
68 64 58 44 33 28
Evdluation items '
15 Dot diameter 280 310 342 360 366 381
© (um) ‘ :
Dot shape A o o o S - A
W Color forming .
characteristic A o ) [ @ S Q
Optical .
density (0.D.) 0.76 0.87 0.92 0.89 0.82 0.69
20 '
Ink ab- -3 -3 -3 -3 . -3 -3
sorptivity 0.86x10 1.15x10 2.01x10 2.15x10 2.30x10 2.88x10

cc/cm2

Exa@p1e3j13-17

'AS_the substrate; é'general'fine'papé; with the
25 size degree of 35 sec. based on JISEBIZZ'(Ginwai trade
name; basis weight 64 g/m>; produced by Sanyo Kokusaku

'Pulp K.-K.) was used and a qoating solution having a



-5-Exanpl e 13 Spherical silica (Wakogel LC 10K, as descri bed above) 100 -~
parts Silicon- contalnlng mater-soluble pol ymer (R-2105; produced by 10 Al

~Kuraray K K) 40 parts Catlonlc resin.

- (Pol yfi x601; produced by Showa Kobunshi K K.) 5
parts Water . 660 parts 15 Exanple 14
Spherical silica (HlperS|I-3 as descri%gh above) 100 parts
Silicon-containing water-soluble polyner 20 " (R-1130; produced by
Kuraray K. K.) 40 parts Cationic resin (Polyf|x601 produced by Showa
Kobunshi K. K . _ _ ter
660 partsl ZSCLEQQRH‘O%SW& ib.é%owsﬂai ?%ﬁ%gﬂ € subcfetsrca‘r |ebecf above)
100 parts | a43r§bli' ¢83+4 Y AnyiME W s %O/lnlpolb%-@lw coater,

followed by drying in a conventional manner, to obtain
the recording medium to be used in the present invention.
5 Example 13
_ Sphericai silica |
(Wakogel LC-10K, as described above) 100 parts
Silicon-containing water-soluble :i\j
polymer (R-2105; produced by
10 Kuraray K.K) 40 parts
. ‘Cationic resin
| (PoiyfixSOl; produced by Showa
' Kobunshi K.K.)' 5 parts
Water | 660 parts
15 Example 14 .
Spherical silica
(Hipersil-3, as described above) 100 parts
Silicon-containing water-soluble \‘e
'polymer
20 (R-1130; produced by Kuraray K.K.) 40 parts
Cationic resin
(PolyfixGOl: produced by Showa o
deunéhi'K;K.) 5 parts
Water 660 parts
;5 Example 15 |
Spher1ca1 silica
(Unlsilo30, as descrzbed above) 100-parts



(R,ZlSO; produced by Kuraray‘K.K.) 40 parts Cationic resin 5

Rg%yf|x601; produced by Showa Kobunshi K K.) 5-
pa Wat er _ - 660 parts Exanple 16
Spherical silica 10 (Un|S|ICBO as descri bed above) 100
parts Silicon-containing water-soluble | ymer (R-1130; produced by Kuraray
K. K.) 20 parts Styrene-butadi ene pe latex 15 (L-1876;

produced by Asahi Kasei K
produced by Showa Kobunshi-

K) 20 parts Cationic resin (Polyf|x601

K K.)

5 parts Water

660 parts 20 Exanple 17 Spherical silica (H persil-5, as described above)
100 partd Et hyl erdlbieonccortaining|wayer-saiukle

20 parts 25 Si | i con-cont ai ni ng wat er -sol ubl e polyner (R-1130;
produced by kur arRL¥nes ) 20 parts -42-- _
(R-2130; produced by Kuraray K.K.) . 40 parts
Cationic resin
5 | (Polyfix601; produced by Showa
Kobunshi K.K.) 5 parts
Water 660 parts
W, Example 16
Spherical silica
10 - (UnisilQ30, as described above) 100 pafts
Silicon-containing water-soluble
polymer |
(R-1130; produced by Kuraray K.K.) 20 parts
Styrene-butadieﬁe type latex o
15 (L-1876:_produced by Asahi Kasei K.K.) 20 parts
| Cationic resin | '
| (PolyfixGOls.produced'by Showa
i Kobunshi K.K.) s parté
Water 660 parts
20 Example 17
Spherical silica _
(Hiperéil-s,_aswdescribed above) 100 parts
Ethylene-aceéic:acid vinyl typé ' |
_ latex ' zolparté
25 Silicon-containifig ﬁatérésolubie , T
polymer

(R-1130; produced'by kuraray K.K.) 20 parts



Cat,ionic resin (Polyfix601; produced by Showa Kobunshi K K.) —_—
5 parts Water - 660 parts 5 Oni_s
the recording nmedia obtained, ink jet re- cording was performed by use of ™

“an ink jet printer (PJ-1080; produced by Canon) and ink jet recording
aptitude was evaluated. The results are shown in Table 5." 10 -
. Eval uation was conducted in the sanme NBRNjEr_as t he above Exanples. Table 5

Item Col or Dot I nk 15 ] ptical” forming dia- adsor p-
Coated density -charac- neter tivity layer (O D.) teristic [err]
cc/lerr] strength Recording nedium -3 Exanple 13 1.22 [err]

.228  3.23x[err] [ciatiloagdsind 1.28 - Terr] 233  3.18x[err]
[err] 20 Exanple 15 1.27 [err] 222  3.22x[err] [err]
Exanple 16 1.34 (Polyfik60l; prdtficed ySx[err] © [err] Exanple 17
1.39 [err] 229 3.48x[err] - [err] 25 1. A recording
medi um conpri si ng &homas tkaktunshid BaK. ) ' 5 parts

Water o 660 parts

On the recording media obtained, ink jet re-

[4]]

cording was performed by use of an ink jet printer

(PJ-1080; produced by Canon) and ink jet recording

aptitude was evaluated. The results are shown in‘ L/

Table 5.

10 Evaluation was conducted in the same manner as

the above Examples.

. Table 5
Item
15 : : Color Dot Ink
Optical forming dia- adsorp-. Coated
density charac- meter tivity = layer
(0.D.) teristic (um) cc/cm ~ strength
Recording medium: S _'_3_ W/
Example 13 1.22 e 228 3.23x10 ®
Example 14 1.28 o 233 3.18x107° °
s  Example 15 1.27 ® 222 3.22x10"° o
Example 16 1.34 o 220  3.45x10> o
Example 17 1.39 ‘e 220 3.48x107° o

25

-



Tnkaeceiving | ayer provided on said substrate, 5 wherein said ink
recgipving layer contains spherical silica, the ratio of the shortest
diéﬁeter to the longest diameter of the spherical silica being 0.6 or nore,
and the ink receiving:layer containing a silicon-containing water

sol ubl e pol yner. 10 ‘2. A recordi ng medi um according to Claim1 wherein the
secondary particles of the spherical silica have an average dianeter in the
range of fromO0.5 to 150[err]. 15 3. A recordi ng medi um according to
Claim1 wherein the secondary particles of the spherical silica have an
average size of voids between the primary particles in the
range of from 30 to 20 q%@ [err]. 4. A recording nedium
according to any preceding claimwherein said ink receiving |ayer contains
a silicon-containing nodified polyvinyl alcohol. 5. A recordi ng nmedi um
according to Caim4, wherein the silicon-containing nodified polyvinyl

al cohol is a product obtained by copolynerizing a vinyl ester and an

ol efinic unsatuig%ggu$ﬂ2noner containing 5 sillicon in the nol ecul e
represented by ~The ormula (A) in the presence of al cohol under the
condi tions

1. A recording medium comprising a substrate and an
ink receiving layer providéd on said sdbstrate,
W, 5 ﬁherein.gaid ink receiving layer contains spherical
| silica, the ratio of the shortest diameter to the
longest diameter of the spherical silica being 0.6 or

more, and the ink receiving layer containing a

silicon-containing water soluble polymer.

10
" 2. A recording medium according to Claim 1 wherein
the secondary particles of the spherical silica have
an average diameter in the range of from 0.5 fo
150um. |
~ 15
3. A recording medium according to Claim 1 wherein
the secondary'pafticies of the spherical silica have
an average size of voids between the primary
particles in the range of . from 30 to
20 400 .
4. | A 'recording medium according to any preceding

claim wherein said ink receiving layer contains a
silicon-containing modified polyvinyl alcohol.
/

O \!I\ '



where the concentration ratio of these two kinds of nononers S kept
const ant t hr oughout t he pol ynerization period and saponifying the = 'L
*copol ymer 10 obtained: R [ERR] 15 wherein nis 0 to 1, m is 0to .
2, [err] .is a lower alkyl group, an allyl group or a | ower alkyl

having an allyl group, [err] is a saturated pranched or -atons

- non-branched al koxyl group having 1 to 40 carbon and said al koxyl group

may also have a substitutent 20 - containing oxygen. 6. A recording
medi um according to C aim4, mhereihdthe.silicon containing nodified -
pol yvinyl alcohol is a product obtained by copolynerizing a vinyl ester

and a silicon containing pol yneri zabl e nononmer represented by the
formula (B) in the presence of alcohol by use of a radical polynerization
initiator and s&poniX yieepnding el iumeaacdording ;td BERRimbkr eivhefein] is

hydrogen or a nethyl group, [err] is hydrogen or a |ower alkyl group,
[err] is an al kydheéne sidicon-gantining modi agaminyleakrrhobiis which
chain carbon atons .are qytuall bonde W t.h ,oxygfn OJ-q%tro en, [err]

i s hydrogen, h& BFoduct oby by \IgAPYYRGFLZing,” & | WitFouPRFeE | over

alkyl group havg%% an olefinic unsaturated monomer containing
5 .. silicon in the molecule represented by the formula
(A).:in the presence of alcohol under the conditions
 where the concentration ratib'of these two kinds of W
monomers  is = kept constant = throughout the
'polymerizatidn period and saponifying the copolymer
10 cbtained:

Rl
ol 2 |
Hy = CH4CH,} Si-(R"),__ (a)

15 wherein n is'O'fo 1, m is 0 to‘2,'R1 .ié a lower
alkyl group, an allyl group or a 1ower'alle havipg t‘i
an allyl_group, ,R2 is a saturated branched or atoms
- non-branched alkoxyl group'havipg 1 to 40 carbén and
s#id alkoxyL group méy also have a substitutent
20 containing oxygen.

6. A recording medium according to Claim 4, wherein
the silicon containing modified polyvinyl. alcohol is

a product obtained by copolymerizing a vinyl ester

A



én,a+fyl group, R7 is an al koxyl group or ran-acyl oxyl 15 group where
theﬁglkoxyl group or the acyloxyl group nay al so have a substituent

confaining oxygen or nitrogen, and n represents 0 to 2. 7. A recording .
medi um according to G aim4 wherein 20 the silicon containing nodified
‘pol yvinyl al cohol i‘'s a product Qf copolynerizing a vinyl ester and a
silicon-containing polynerizable polynmer represented by the formula (C in

t he presence of al cohol by use 46 of a,radial polynerization initiator
and saponifying the copol yner obtainedu 9 RR5 [ ERR]

wherein R is a hydrogen atomor a nethyl group, [err] is a hydrogen

atom a hal ogen atom a. lower alkyl group, an allyl group or a | ower

n L 0 to 2 b ek . fhHeHe R Rt npeliesiEante o) md aoR 7""”"
conol 15 Tese rrasprieonfae, g7 LAY fr’%%%‘?ic}aeng&nw nrﬁ[}g%];%f%f% S oy

of dainms 4 to 8 iEisha t Se e |ed
pol yvi nyl al cohol is 100 J%Ffb 000 = £gdlé5&)66&&ﬂé§ié§hl&ﬁ 1 fRE0E

and saponifying the copolymer obtained;

5_.. cn2=cn3 g6
n 7 .
_ S .
CON-R™-8i~(R')4_, (B)
4

" R
| wherein, R3 is hydrogen or a methyl group, R?Y is
hydrogen or a lower alkyl group, RS is an alkylene

10 group or a dlvalent organic residue of whlch chain

carbon atoms are mutually bonded with oxygen or

nitrogen, R6 is hydrogen, halogen, a lower alkyl

group, aﬁ allyl group or a lower alkyl group having

an aliyi group, R7 is an alkoxyl'grdup or an acylbxyl

15 group ﬁhere ﬁhe alkoxyl group or the acyloxyl group

W ‘may also have a substituent containing oxygen or

nitrogen, and n represents 0 to 2.

7. A rédording mediuﬁ.accotding to'Claim 4 wherein
20 the silicon containing modified polyvinyl.alcohol is

a product of copolymerizing a vinyl ester and a

silicon-containing polymerizable polymer represented

by the formulé (C) in the presence of alcohol by use

BT



20 10. A recordi ng medi um according to any of Clains 5 fo 9 wherein the -
degree of said saponification of the nodified polyneric alcohol is 18 nnlaﬂ_

% or above. 47 11. A recordi ng nmedium substantially as described in
any of exanples 13 to 17. 12. * A nmethod for making a- recording nedium
which 5 conprises coating a substrate with an aqueous coating

conposi tion conprising spherical silicia having a ratio of the shortest to
the largest dianeter of 0.6 or nore, a silicon-containing water-soluble
polymer and a solid or liquid polynmer; ps a dispersed phase. 10 13. A
recording nmethod which conprises %*HRk‘jet printing using an ink having a
surface tension of 28-68 dyne/cmat [err] onto the surface of a recording
medi um conprising a substrate and an ink receiving 15 | ayer provided

he sub wh d ink: | Vi, l, ' i | i _cal
si1ica, the ra BEot Pretad pPLEnefanEreR hLri RS, 400, “HRReIRET R e
' t he ink | Vi I
spherical si |caFF$L§ﬁP88xP§r 8B£§§Béad e ink receiving ayer

containing a I'nlC NG wat er - sol ubl e polynmer. 14. A
recordi ng met hod according to Caim 13 wher ei n the surface tenS|on of the
ink is 30 to 65 dyne/nﬂk% | -

=C~Si- (OCR10
[}

)3-n (c) _
0 ;

CH2

whereln R8 is a'hydrogen atom or a methyl group, R9

xs a hydrogen atom, a halogen atom, a lower alkyl
group, an allyl group or a lower alkyl group havrng
._10 an_allyl.group, R10 is lower alkyl group, and n is 0

to 2.

8. A recordlng medium accordlng to any of Claims 4
. to 7, whereln the degree of modlflcatlon of the

.15 modlfled polyv;nyl alcohol is less than 35 mole %

9; A 'recording medinm according to any.of Claims 4
to 8 wherein the degree _of _polymerization of the
‘modified polyvinyl alcohol islloo.to 10,000.
- .10. A recording neoinm"according ro any_of Claims S
to 9 wherein the degree_of said saponificarion of the

modified polymeric alcohol is 18 mole % or above.

* c L M H *
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11. A recording medium substantially as described

. in any of examples 13 to 17.

12. A method for making a recording medium which
comprises coating a substrate with an aqueous coating
composition comprising spherical silicia having a
ratio of the shortest to the largest diameter of 0.6
or more, a silicon-containing water-soluble polymer

and a solid or liquid polymer as a dispersed phase.

13. A recording method which comprises ink jet

printing using an ink having a surface tension of

28-68 dyne/cm at 25°C onto the surface of a recording
medium comprising a substrate and an ink receiving
layer provided on the substrate wherein said ink
receiving layer contains spherical silica, the ratio_
of the shortest diameter to the longest diameter of
the spherical silica being 0.6 or more, and the ink
receiving | layer containing a silicon-containing

water-soluble polymer.

14. A recording method according to Claim 13 wherein
the surface tension of the ink is 30 to 65 dyne/cm at
25°¢. | |
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