21168070 1 TITLE OF THE | NVENTI ON Record”ﬁg Li quid BACKGROUND COF THE

| N\VENTION 5 Field of the Invention The ptesent invention relates to a t.r
.

recording liquid (hereinafter referred to as ink) for perfornf‘%ngép?Q)d :
on recording nedia such as paper, plastic filns, and the [ike‘5 using an

I nk-jet recording 10 systemor a witing tool such as a fountain pen, felt
pen, or the like. Description of the Prior Art The ink-jet recording system
conprises formng ink droplets by any of various ink-discharg- 15 ing

t echni qués ZERLE QR | THE sINWENTDONor all of the droplets to-deposit on a
recordi ng medi um such as_paper or the like to record an inmage thereon. |nks
known and used for Refeydingdedauidg systens are sol utions or di spersions

of various water-soluble 20 dyes or pignents in liquid mediuns such as

wat er and m xtures thereof with water-soluble organic solvents. Simlar

I nks are a@%ﬁﬂék f Fi5S H& T¥6kh writing tools such as fountain
pens, feIt1maﬂ:—$§¥?+g§+—ﬁeggrigg———— A variety of performance
charactesi Hiday ¥ thd Wldgeisguired for these inks. The nost greatly
required CHHTHUTETTSTTT:‘11§1¥TQUTd stability not to - 2-
The present invention relates to a recording
liquid (hereinafter referred to as ink) for perform-

ing record on recording media such as paper, plastic

(&

10 system or a writing tool such as a fountain pen,
felt pen, or the like. |

Description of the Prior Art

The ink-jet recording systém comprises
forming ink dfoplets by any of various ink-discharg-
15 ing techniques and causing a portion or all of the
droplets to deposit on a recording medium such as
paper or the like to record an image thereon. Inks
known and used for ink-jet recording systems are
éolutions or disperéions of various water-soluble
20 dyes or pigments in liquid mediums such as water and
_ mixtures thereof with water-soluble organic solvents.
Similar inks are also in use for recording
with writing tools such as fountain pens, felt pens,
and ball.pens. .
25 A variety of performance characteristics are
naturally required for these inks. The most greatly

required characteristic, is liquid stability not to

films, and fhe like by using an ink-jet recording G%

N



1 formany precipitate that may clog'a nozzl-e or an orifice of an ink-jet
recprder or may deposit on a pen point during recording or at an

knt'@rm ssion thergof for a short or long period. This character- 5 istic is
specially inmportant to an ink-jet recergdiag system wherein thermal energy
is enployed for dis- charging ink, since the tenperature change therein
tends to cause deposition of .foreign matter on the surface of the heating
heads. However, inks of prior 10 art: need incorporation of sone additives

[ d t Lsf ' R | t t.he di sch h -

(D Order 10 SO KRS TSN TR Sl S LSRRGS,
properties of gbhe;lak o e QingdlaGt 1R A Y 'n%? d%ﬁ;%%"tt%%f a ecorded

i mages, 15 etc. reover various i pUT T Ll 65 are contarned i n dyes used in

prior art inkpenApeandl Biring ha¥RAGINY By Uty Gn? 1RERGRI Qo ficul ties

such as clogging at nozzles or orifices of i'nk-jet recorders, deposit

formation on thereutl ¥og af shide-theat i1k dpidodand TRl sCchadatearafl
preci pitates during prolonged storage of the inks. This is one of the

reasons whys i dsticetisr epecdald ysisipoitahtv&on@n dNKS jett tedodtdinge even
with their many superior characteristics. 25 SUVWARY OF THE | NVENTI ON The
pri mary obj ecsystemhwhemednt thermalt energy des employedhifolr dils- over cone
t he above noted -3- shortcom ngs of inks of prior art and which even at
a charging ink, since the temperature change therein
tends to cause deposition of foreign matter on the
surface §f the hgating_headsf_ However, inks of prior
10 art: need incorpqration of some additives in order to
satisfy various requirements on the discharge charac-
te:istics, long~term storage stability, surface
tension, and electrical propetties of the ink, the
distinctness and optical density Gf recorded images,
15 etc. Moreover .various impurities are contained in
dyes used in prior art inks. Accordingly, these inks
involve a numbef of difficulties such as clogging at
noziles_dr orifices of ink-jet recorders, deposit
N\ formation on the surface of the heating heads, and
99 emergence of precipitates during prolonged storage
of the inks. - This is one of the reasons why ink-

jet recording systems have not come into wide use

even with their many superior characteristics.

25 SUMMARY OF THE INVENTION.

The primary object of the invention is to

provide an ink which will overcome the above noted



hi gh concentration, wll - exhibit -such superior stability during
service and |long-term storage as not to cause clogging of nozzles or=+
orifices and not to 5 form any deposit on heating heads of ink-jet
recorders which are actuated by thermal energy. According to one aspect of
the invention there is provided a recording |iquid conposition containing

a 10 wat er-soluble dye and a solvent, the conposition having a
total concentration of calcium nagrmgsium nmanganese, iron, alum nium and
silicon of 20 ppmor less. 15 Accordi ng to another aspect of the

i nvention, thehortecaningsaf anles wflipgicor qarr€l axedpasidh csweawnati nang a
wat er - sol ubl e dye and a solvent, wherein said liquid conposition has a
magnesi um condegly at icomaEntrgiptory | eskll 20 exitibil ngsuchy ssuperier aspect
of the invention, there is provided an ink-jet recording nmethod co risihg
form ng dropl srtabd ditnk during isprvice ARl niongtkexm Stongge sasg no

recordi ng l'iquid conposition in 25 -~ accordance:wth_the invention.
-4- As a resultt° ofcaufinGIRIFING|| RF (RPZ2EIAS\RX 1Pl EiRRT QY RPhReto

var oud i mpur AR O QeRas L [}m@é;ﬁ%”%%ﬁ#’cfﬁgn&% Sgdedy "

surfactants an%ic‘i,veéwge@a?&éa &?”éﬁém& 'éhergy.

According to one aspect of 'fhe'iinVention; there is
provided a recording liquid conndsifion'éontaining a | \o/
10 water-soluble dye and a solvent, the composition
having a  total concentration of calcium, maQneSium,
manganese, iron, - aluminium and silicon of 20 ppm or -

less.

15 According to ‘another aspect of the invention, there is
provided a recording liquid composition containing a
water-soluble dye and a solvent, wherein said liquid
composition has a magnesium concentration of 4 ppm or
less. | | |

20
Aocording' to a further aspect of the invéntion, there
is provided an ink-jet recording method comprising
forming droplets of ink to perform recbrding, the ink
comprising 'a recording liquid composition in

25  accordance with the invention.



the commercial dye used in the ink. Further-it was found that divalent and
hi gher val ent netal ions or conmpounds, particularly magnesiumion, of the
above~inpurities contained in inks are nost responsible 10 for cloggi ng of
nozzles or orifices, formati on of precipitates during storage.of inks, and
in par- ticular the deposition of foreign matter on heating heads in

I nk-jet recording systens utilizing fhékﬁhl energy. The present invention

i s based on the above 15 finding. Hereinafter the invention is described in
nore detail. The fundanental conponents per se constitut- ing ink of the

I nvention,-are al ready, kn ﬁf - 20, these co pents is a water-soluble
dye, typ?%al exaaneSA%fgng?% gréédf?gﬁ?sﬁyﬁs§g§€$ﬂsd?%s?cﬁng% dyes, and
d cti d q%&§, Cd 2 | & ' f the ink
reactive dyeSgne o PSS u @Q aSsy -?- n ~the inks

for ink-jet recording andasa y%?ac% rygéh %EIE% H%%%?&&gggg-é%?ﬁblllty,
stability, |ieid £6880a probfedl NELiLehistly rfaffqgh e for
exanple, C. |I. Direct %?ac %%7, 5 19, 5, gg, ,p§§§? andﬁT%%; C. 1. Drect
mp :
Blue 6, 22, Zimpuditfds (Skgdifc coifibd®¥is @id AL §an{Ehdmpdundd, 28, and
83; CI. Drect Yellow 12, 24, 26, and 98; C |I. D rect Orange 34, 39, 44,
46, and @, @lg. Burfictamtstand bewkYing Gdents y asdntBiivén 1449, C. 1. 10
Direct Geen 59; CI. Acid Black 2, 7, 24, 26, 31, 52, ..
the commercial dye used in the ink. Further it was
found that divalent and_higher valent metal ions or
compounds, particularly magnesium ion, of the above
impurities éontained in inks are most responsible
10 for clogging of nozzles or orifices, férmation of
precipitates during'étorage of inks, and in par-
ticular the deposition of foreign matter on heating
heads in ink-jet recording systems. utilizing thermal
energy. The present invention is based on the above
15 £finding.
Hereinafter the invention is described in
more detail.
U The fundamental components per se constitut-
ing ink of the invention are already known. One of
20 these components is a water-soluble dye, typical

examples of which are direct dyes, acid dyes, basic

dyes, and reactive dyes. Dyes specially suitable as



.63, 112, and 118; C.|I. Acid Blue 9, 22, 40, 59, 93,102, 104, 113, 117, 120,
167, 229, and 234; C . Acid Red 1, 6, 32, 35, 37, 51, 52, 80, 85, 87, 92.
94, 115, 180, 256, 317, and 315; C. 1. Acid Yellow 11, 17, 15 23, 25, 295§
42, 61, and 71; C 1. Acid Oange 7 and 19; C. 1. Acid Violet 49; ,C.l1. Basic
Black 2; C 1. Bas-ic Blue 1, 3, 5, 7, 9, 24, 25, 26, 28 and 29; C 1. Basic
Red 1, 2, 9, 12, 13, 14, and 37; C.|. Basic Violet 7, 14, and 27; and C. |
Food Bl ack 2. These exanples 20 are particulary preferred dyes in the
present inven- tion but do not restrict it. Such water-soluble dyes are
used geheFAPPYnERts £EnEber dnksn for dmdriies. recer@img mpdaei ght in inks of
prior art, vention, 25 these dyes can be used, on the

.ln_the resegl,i'
basi s of EFE&833F9°6§ tRePFAFBEPPESR . MoteFMSPLUP I Yabove concentration

but kD, hi ghe t] the.ink of . -6- 1 the i ti
cvonar - soEpBELAPYL! At CRORTBEERER " 3nd, BENaY raanimen o st abi 11ty to

inks- of ppigpestidsalflef§ OEBE QQaﬂb&%LpEE§FeDi§P%é Eﬁgéi {gdi um used in the

ink of the 5 present invention Is water or preferabl’y a mXture of water
with a sate)-sp|uble vLgande, sahdenyssuel) 1as pi ety Bidei ¢,2bgohol having

the effect of retarding the drying of inks. Desirably, water used herein is

not comma5walk; 86nt20ni hg6yaanduiosey ci.ans Ddwectd®eaninzed, water.

Suitable water- S - _
17, 28, and 83; C.I. Direct Yellow 12, 24, 26, and

98; C.I. Direct Orange 34, 39, 44, 46, and 60; C.I.

Direct Violet 47 and 48; C.I. Direct Brown 109; C.I. W,

10 Direct Green 59; C.I. Acid Black 2, 7, 24, 26, 31, 52,
63, 112, and 118; C.I. Acid Blue 9, 22, 40, 59, 93,102,
104, 113, 117, 120, 167, 229, and 234; C.I. Acid Red
1, 6, 32, 35, 37, 51, 52, 80, 85, 87, 92, 94, 115,

180, 256, 317, and 315; C.I. Acid Yellow 11, 17,

15 23, 25, 29, 42, 61, and 71; C.I. Acid Orange 7 and
19; C.I. Acid Violet 49; C.I. Basic Black 2; C.I. Basic
Blue 1, 3, 5, 7, 9, 24, 25, 26, 28 and 29; C.I. Basic

Red 1, 2, 9, 12, 13, 14, and 37; C.I. Basic Violet

7, 14, and 27; and C.I. Food Black 2. These examples .

20 are particulary preferred dyes in the preseht inven-
tion but do not restrict it.
Such water-soluble dyes are used generally
.at a concetration of about 0.1 to 20 % by weight in
inké of prior art: In the present invention,
25 these dyes can be used, on the basis of'discovery of
the invention, not only in the above concentration

range but also in higher concentrations, the ink of

*

14



* .

sol'ubl e organic solvents for use in nm xture with-water are; [err]alkyl

al cohol s, e.g. nethanol, ethanol, n-propanol, isopropanol, n-butanol, sec-
but arol , tert-butanol, and isobutanol; amides, e.g. 15 dinethyl formanm de
and di net hyl acet am de; ketones or keto-al cohols, e.g. acetone and diacetone
al cohol ; ethers, e.g. tetrahydrofuran anhd di oxane; polyal kyl ene gl ycol s,
e.g. polyethylene glycol and pol ypropyl ene glycol; alkylene glycols having
2-6 20 carbon atons in the al kyl ene group, e.g. ethylene glycol, propylene
gl ycol, butyl ene glycol,. triethyl- ene glycol, 1,2,6-hexanetriol,

thi odi gl ycol ,%ﬁ‘&g‘l”é’ﬁé"‘d%a‘_’,e (fF oﬁ‘é?‘ﬁy%/ gl 4¥%)| SORFEREFBF10B oyer al ky|
et hers of pol ' I 4 5 .ef hyl ene gl ycol thyl _(or ethyl)

et her, diet hy%’%ﬁ%h&%ﬁa@% fllylqu’(% h%%b e{]%téf %%d“i/lﬁ e?ﬂ‘;q”é%%r gl ycol

monomet hyl  (Opr#anedan\Horn MY pédBiiwded: -7 pyrrolidone; and

1, 3-di net hyl - 2-i m dazol i di none. - O these various al cohol s,

preferred are pol yhydmhe alicRlid smedilin Assl efd s eimit Yoo eg1d | over al kyl
et hers of pol yhydri'c al cohols such as--triethylene 5  glycol nononethyl

(ornonoet hyl ) peeBent invention -islhatwmntantiprd b piLmizetwkd € or ganic
solvent in the ink is in a range of generally O to 95.% preferably 10 to
80% - par ti cul of| yagest ¥i&hl yp 3@ tteg-SEAutile weigrttid asekivent tduchvhol e wei ght
of 10 the Inkés a pdlyhydric alcohol having the effect of o
retardipg thé drying of inks. Desirébly, water
used herein is not common water containing various
10 ions but deionized . water. Suitable water-
solublg organic solvents for use in mixture with
water a:e} Cl-C4 alkyl alcqhois, e.g. methanol,
ethanol, n-propanql,.isopropanol, n-butanol; sec-
butanol,_tert-butahol, and isobutanol; amides, e.g. .
15 dimethylformamide and diﬁethylacetamide:.ketones or
keto-alcohols, e.g. aceténe and diacetone alcohol;
ethers, e.g. tet:ahydrofuran and dioxane;
polyalkylene Qlfcols, e.g. polyethylene glycoi aqd
(N polypropylene glycol; alkylene glyco;s having 2-6
20 lcarbon atoms in the a;kylene group, e.g.‘ethylene
glycol, propylene glycdl, butylene glycol,_t:iethyl-
ene glycol, ;,Z,G-hexanetriol, thiodiglycol,
hexylene gljébl, and diethylene glycol; glyce:ol:
lower alkjl ethers éf'polyhyd:ic alcohéls, e.g. |
25 ethyleneLglycﬁl methyl (or ethyl) ether, diethylene
glyco; methyi (ethylj ether and triethylene'glycol

monomethyl (or monoethyl) ether; N-methyl-2-



The water content in the ink is chosen‘from--- a wi de range, depending on
the nature and conposi- tion of the ink medium and desired properties af,
the ink, but is generally 10 to 100% preferably 15 10 to .70% particukdrly
preferably 20 to 70% by wei ght based on the whol e weight of the ink. The
ink of the present invention, havi#g-fundanental conponents -as descri bed
above, is characterized primarily in that -the total content 20 of

di val ent and higher valent netals therein is 20 ppmor less. According to
the present invention, the stability of ink conpositions, dyes used in inks

of prilor garli% eI, rumlttpeji-&m&t ili’-miaa%gfnﬁ?iﬂ f8ae s of fiber 25

dyei ng, contain addltlves sur ctants an evell agents, and
further &gy aide Qﬁhﬂmlélcﬂﬁx&wh B SOFE&EN 5L Opb HnygPglum sul fate, and
salts -8- 1 of alkaline earth netals, and such |npur|t|es are known to

cause vamlmohole fSual tdedisthylene! gIPEOL Chng Doderraikym With a pen or
the like. Ink conpositions were prepared fromdyes highly 5 purified by
renDV|ngemhgﬂanﬁﬁ|Rdl¥h¥ﬂmﬁ§%al¢¢hmls¢nm¢h|asstrﬂetmmngﬁeredu0|ng
significantly _the above difficulties, were not satisfactory enough in
prevefti SG¥ERd qonematip o(f°’? dﬁ'%'!?ﬁfihm’él e#them. t he heating heads in

I nk-j et recordi ngfheyst e atrt icularly those actuated by ther mal

ener gy. con ent he water-soluble organlc
‘ solvent in the ink is in a range of generally 0 to. —-
95 %, preferably 10 to 80% partlcularly preferably
20 to 50% by weight based on. the whole welght of T \-J
10 the ink. | |

The water content in the ink is chosen from -
a w1de range, dependlng on the nature and ‘composi- R—
tion of the ink medlum and deslred propertles of |
the ink, but 1s generally 10 to 100% preferably
15 10 to 70%, partlcularly preferably 20 to-?O%, by
weight based on the whole'ﬁeight of the ink. -

The ink of the present inveﬁtion, having —
fundamental'components"as'described above, is
characterized primarily in thatathe'tdtal centent

20 of dlvalent and higher valent metals thereln is
20 ppm or less. | ) |
According'te the-present invention,.the.stability of
ink compositions,'dyes used in inks of priér'arts,
being preduced'eriginally forhthe.purpOSe'bf fiber
25 dyeiné,"eentain additives; e.qg. surfactante and
leveling .agents,'and further diéersifled iﬁnurities

such as sodium chloride, sodium sulfate, and salts




»

The. present inventors further discovered that- conmercial dyes contain

consi derabl e anounts (tens to hundreds of ppm of divalent and higher

vall ertr netal ionss(e.g. calcium nmagnesium nanganese, 15 iron, alum num
and silicon netal ions) or conpounds thereof (e.g. colloidal oxides and
hydroxi de), and that these substances; ®agnesiumin particular, are the
primary cause for formation of deposits on the surface of the heating heads
and affect nost 20 strongly the fornmation of foreign matter. This finding
has led to the present invention. The total content of the above bothering

substances In ¢fiealkklise ceatthl hedaby,t Baaf sbbAVIRPuPEEEdULBe 25

First a dye is precipitated fromits aqueous solution at a desired
concentrat i on k¥gowRidtagcavsk uvasidhat difFheupteespihainki-geti |t ered, washed
-9- with a saturated aqueous sodiumsulfate solution, and dried. A

prescri bed anctffCERingGeary i weitirgswith aspensenl vbe Like.water-sol ubl e
organi ¢ sol ve and the,splution is filtered. Any water- 5 sol uble

organi ¢ sol ven B SPIROFLEAPRR (e Te BEePRFRd afrom dyes hbghlyol vent for

Fog! St LR R? Sl Bl U OB TSR RSP 0 o

?Lsgrgb&e- gl ¥Eé§nfpos9i¥ji&{é’,c 1 itbudit hfééucft?g n@f&ﬁf@fgaggifr)r&e are

above difficulties, were not satisfactory enough
in preventing thé_deposition of fOreign matters
U on the heating heads in ink-jet recording éystems,'

10 particularly those actuated by thermal energy.

The present inventors'further discovered that .
commercial dyes contain considerable amounts (tens
to hundreds of ppm) of .divalent and higher valent
metal ions (e.g.'calcium, magnesium, manganése,

15 iron, aluminum, and silicon metal ions) or compounds
thereof (e.g. colloidél oxides and hydroxide), and
that these substances, magnesium in particular, are
the primary causé for formation of deposits on the
surface of the.heating heads and affect most

20 strongly the formation of foreign matter. This
finéing has led to the present invention.

The total content of the above bothering
substances in the ink is controlled by the following -
procedure.

25 First a dye is precipitated from-its-aquéous'
solution at a desired concentration by adding

sodium sulfate. 'The precipitate is filtered, washed



. obtained filtrate may be filtered again after stand- ing for 1 to 3 days.
Subsequently the filtrate, conbined with a prescribed anount of water, is,
stirred and then 15 passed through a layer of a.cation exchange resin. %¥1 ¥
additive is incorporated, as required, into the effluent with stirring to
prepare an ink. The contents of le/a?e‘nt and. hi gher valent et al's in the

ink is determ ned by atom c absorption spectro-. 20 photonetry or the-

i nduction plasma em ssion spectral analysis to ascertain the total contents
bei ng not nore than 20 ppm and to put the ink into service. The. magnesi um
cont ent! i nwilta ianlsartmr dte @ A quidiuss texst um fohl bate SbIsticn dye is
percipitated fromits aqueous solution of a desired concentration by -

10 - 1 addPRg S&dedm sl Prescrihed amoyntecpithe edrted idyered, washed with
a saturated equs sodium sul fate solution, and dried. A pr escri bed

anount of 1593 &d ddpsolyed s‘ébl%éf?*i%"&s%@es@mJeCS organi ¢ sol vent,

and the soI S f|| red. /AlLso in this case wat er - sol ubl e organic
sol vent maygg'vgggéd ?’Sng olution Js, rs‘@!ﬁjr\/e N} wWakRtum sul fate and

a goodssol g ﬂhbife ngagxg so&q, Qﬁ ef]md/s[e%% {)Pendl nags an t he structure

ti
10 of the ye can arbi trar y C
as it is a poor -solvent for sodium sulfate and a

good dne for the dye. An optimum solvent depending
on the structure of the dye can be freely chosen
.érbitrarily. ‘Usually alcohols, glycols, and glycol Q-/
10 ethers, as mentioned before; are favorable. The
obtained filtrate may be filtered again after stand-
ing for 1 to 3 days.
Subseguently_the filtrate, combined with a
prescribed amount of water, is stirred and then
15 passed throughla layer of a cation exchange resin.
An additive is incorporated, as required, into the
effluent with stirring to prepare an ink. The
contents of divalent and higher valent metals in
the ink is determined by atomic absorption spectro-
20 photometry or the induction plasma emission spectral
analysis to ascertain the total contents being
not more than 20 ppm, and to put the ink into
service.
The magnesium content in the ink.may be
25 adjusted as follows::
First a dye is percipitated from its

agqueous solution of a desired concentration by




al cohol's, glycols, and glycol ethers, as'nentioned before, are favorable.
Subsequently, the thus obtained filtrate, conmbined with a prescribed anount
of water, is 15 stirred and then passed through a | ayer of a cation
exchange resin. The effluent, after propgr_ pH adjustment, is left standing
for 7 to 10 days and filtered. Then an additive is added, if necessary, to
the filtrate with stirring to prepare an ink. 20 The ink is put into
service after the content of magnesium therein has been ascertained by

SLom ¢ 0S8 Lo SR LY. il S ARG O

spectral analysis to be not nore

procedure desgiilkesedOVRsHRE WiltSta Sﬂédf&'wta&ﬂe?&{é%dm% i nt ended
primarily to renove sodi um chloride which is a - 11 - representative

i npurity cont aul€dtien soAngdon NG dridduala grEskitid @fintt he second
treatment with a water-soluble organic solvent is intended prima- rily to
renove bot h obfsttieudrield diye drs GisEdlved ircaentwatead-saeluile npurity in
the dye and added in a |large anount in the preceding salting-out treat-
ment; the $ongromaiei sglyenthe anq tthe eadiutdor iils (tilitered. the dye

di ssol ved in the or ani ¢ solvent and the |on tandlng of the liquid
treated 10 wPtRCaiBaffdf SRSRanGP¥ d@ten Sl lca o niche

solvent may be used, as long as‘it_is a poor
solvent of sodium sulfate and a geod solvent of the
dye. An.optimumfsolvent depending on the structure
10 of.theldye ean be erbitrarily chosen. Usually
alcohols; giycols. and glycol ethers, as mentioned
before, are favorable.
Subseguently, the thus obtained filtrate,
combined“with.a prescribed amount of water, is
15 Stirred end then.passed th:ough a layer of a cation
exchange :esin. _The effluent, after proper PH
adjustment, is left standing for 7 to 10 days and
filtered. Then an additi&e is added, if necessary,
_g_; to the filtrate with stirring to prepare an ink.

o0 The lnk is put 1nto servxce after the content of
magneSLum thereln has been ascertalned by atomic
absorption spectrophotometry or the induction
plasma emissinn spectral analysis to be not more
than 4 ppm..

25 In the treatment procedure described above-_:_

| - the first salting-out treatment is intended

primarily to remove sodium chloride which is a



. magnesi um content control, both followed by filtration are intended
primarily to renove the colloidal substances containing dival ent and hi gher
valent nmetals and to renove col |l oi dal magnesium 15. respectively; and the =
treatment with a cation exchange resin is intended to renove dival ent and

hi gher val ent netal ions, particular}dy Tmgnesi umions. *A nethod for
controlling the content of 20 divalent and higher valent netals or the
content of magnesium in the ink, has been descri bed above. The controlling
met hod, however, is not limted to the above, and any other nmethod may be
enpl oydd wirepiregentiatts. viee impiunt tspicbritanisnet 110! 10t gkl amdunt®npounds  of

di val ent and hi gher val ent. netals, particularly ions or colloidal conpounds
of magnesi & uSYef scoreersdaiodyesicitite sfaand amdtment witl? - 1

aeration, sedinentation_by use.of a flocculant, filtration, |ine softening,

and el ect r 8I YeFer-godulde’ organiG saliventc gt dntanded trimares, those
cont ai ned | he water are nsidered 5 as .sources of the contam nation of
i nks Wi th %(Q)‘%Q g? eiiisp ngg(%g‘f O(fid\?éﬁ%é‘ﬁlm zfr’r’(}'q(“)ﬁ%é?rjxﬂ%l@r?tlmet al s,

P s R AR
gr eat est SaulﬁﬁgefahBKnGOEBaEhBabEQEé@ﬂH§‘gdfﬂfﬁaéout treat-

ment; the long standing of the filtrate aftéf'

filtration of the dye dissolved in the brganic

solvent and the long standing of the liquid-fréﬁted o/

10 with a cation exchange resin in the case of the
magnesium content control, both followed by
filtration are intended primarily td.remove'the
colloidal substances containing divélenf and higher
valent metals and to remove colioidal.magnesiﬁﬁ,

15 respectively; and the treafment wifh a cafion
exchange resin is intended to remove divalent and
higher valent metal idns;jparticulariy magnesium n
ions. | |

A method fdr'Contrqlling the content of

20 divalent and higher valent metals”6: the content of
magne sium, in the ink, haé been described above.
The controlling'method,.hdwever, is not 1iﬁited'to :
the above, and any other method may'be employed |
which permits removing said ions or colloidal

25 compoundSIOf divalent and higher valent méféis,
particularlyiions or colloidal cdmpounds of

magnesium. Such other methods include, for example,



and hi gher val ent netals, particul arl'y magnesium are inpurities contained
in the dyes to be used. In particular when the used dyes are unpurified
gomwer ci al products, markedly |arge amounts of such 15 netals are often
contained in the inks. For instance, analysis showed as high as several

t housand ppm of these inpurities contaipgd-in a certain dye powder. Wile
t he above description has been given 20-chiefly on the renoval of dival ent
and higher valent netals, particularly magnesium. .contained in inks, it is
desirable in practice to renove them sinultaneously wi th various ot her

i norgani c gal tgesaeions SO HEHERE 065 U8y ase SO HMESHEEAL Snt 25
Besi des the basi c conponents descirbed above, the ink of the present

invention is afibwweskien conime softénungknand edectryigsis{ necessary, such
- 13 - 1 as a dispersant, surfactant (cationic, anionic, or nonionic),
viscosity nodifier (e.Bgsiieyvilmgl impunibiescebhtbabned tonpbend, or sone

ot her water- soluble resin), surface tension nodifier (e.g. 5 _

di et hanol am ned¥8s ¢ rihesmrAntainegd  ipHthenwater anercopsidereduf f er
solution), and antinol d ggent. An inorganic salt such as lithiumchloride,

anmoni um chil or3YEOHCRD Funt R SRR RN IRALIR O 1akS WhtRe1PRE| vity
modifier to i rg(f Mpcomﬁﬁé'lopedivalent a_nd' higher valent metals, '

particularly ions or compounds of magnesium. This
contamination can be avoided by using distilled
-/ water, deionized water, or both of them. The
10. greatest source of ink contamination with divalent
and higher valent metals, particularly magnesium
are impurities contained in the dyeé-to be used.
In particular when the used dyes are unpurified
commercial products, markedly large amounts of such
15 metals are often contained in the inks. . For
instance, analysis showed as high as several
thousand ppm of these impurities contained in a
~certain dye powder.
While the above description'hawaeén given
20 chiefly on the removal of divalent and higher
valent metals, particularly magnesium, coﬁtained in
inks, it is-desirable in practice to femove'them
simultaneously with various other inorganic salts
such as sodium.chloride and sodium sulfate.
25 Besides the basic components descirbed above,
the ink of the present invention is allowed to

contain various known additives, if necessary, such




used in a type of ink-jet recordirng systemwherein electric charge is given
to the inks for the ejection thereof. For use in a type of ink-jet .
recordi ng system wherein inks are ejected by the 15: action~of thermal ¢
ener gy,
expansi on, and heat conductivity) ofy4he inks are conditioned occasionally.
The ink of the present invention, prepared 20 as described above, is
sufficient for solving the problens of the prior art and is excellent and
bal anced as such in recording characteristics (signal responsi
stabilijty @fs i el i fabEsR OSationit] tanivRikpbility in 25
continuous recording for many hours, and discharge stability after a |ong

i nterm ssi @1 noHiVgs) Sthiddddity fmoadbfiet y(engt epolgvigyledi a, |ight -
and weat hering resistance of resulting recorded inages,
forth. Thuslddmlyr esdiulosic scompdend f cor veeneuethepewatertnk-j et
recording systens and for witing tools, particularly for 5
recordi ng Sokubke negin) npEurkacs tensien moAifier {@ecdfornation of

deposits frominks is a nost undesirab]e tter. The esent |
i | | ust Bat ediethanlaming I°’\'/\A‘EIF’P'?%‘F%9%LC%‘“”£ eihep OF?E Fhig 10
'n these e&airg:)rle%_s,(eo.agr.t Sa-abntgf ngaréaoftlaéion), and antimold

14 1

10

15

20

25

thermal properties (e.g. specific heat, coefficient of

agent.

An inofganic-salt such as lithium chloride,
ammonium chloride, or sodium chloride is added as
a resistivity modifier to inks which will be
used in a type of ink-jet recording system wherein
electric charge is. given to the inks for the . -
ejection thereof. For use in a type. of ink-jet
recording s&stem wherein inks are ejected by the
action of thermal energy. thermal-proéertieS-(e.g.
specific heat, coefficient of thermal expansioh,
and heat conductivity) of the inks are conditioned
occasionally.

The ink of the present invention, prepared
as described above, is sufficient for solving the
problems of the prior art and is excellent and
balanced as such in recording.characteristics
(signal responsiveness, stability of droplet -
formation, discharge stability, workability in
continuous-recording for many hours, and .discharge
stability: after a long intermission), storage

stability, fixability on recording media, light

t her nal

veness,

and so
the ink-jet

nvention is
exanpl es.

L3



by weight. Exanple la Preparation of ink Seodiumsulfate was added to a
saturated aqueous solution of a conmercial dye (Direct Fast 15 Yellow R
supplied by Sumtono Chenmical Co., Ltd.) with stirring to precipitate the
dye. This pre- cipitate was filtered, washed with a saturated solution of
sodium sul fate in pure water, and driediqThis dried solid was wei ghed out

i n such a pre- 20 scri bed anount that the dye concentration in the

i ntended ink would be 3% and was dissolved in a mxture of ethylene glycol
and N-nethyl-2- pyrrolidone (3:1). This aqueous solution was (RTM filtered
under preskureanllr vaghhariefl eeAfisithace2bf rkavlndnan recerdgd pore di aneter
of 1 um The filtrate was weighed in a plastic container, allowed to stand
in a cold darkimagestopnd gayforghd Thusi5the] pirelseatedndsgdisn t hrough a
Teflon filter (avarage pore dianmeter 1 un). Then 60 parts of water was
added to 40 pabPPefBi £AE VArirMsct¥PeR Ofi Apknjetor§ee&ddmdi nk. This ink

dth | S f .a.cati h ' 64 lied
by Sum tom CrENPERRSCAYa £8P ifABacERP AR PARL IGIIAEATA RS pH 0. & wi th

an 0.1 N gueoyg “? 38R0, OEASHS § &g%géﬂﬁu%ﬁiékiﬁgnkﬁgkmgﬁ divalent and
hi gher val'ent netal s bQ |n5uc?|on §| em sSion

energy, wherein the formation of deposits from inks

is a most undesirable mattér.

The present invention is illustrated in'
more detail with reference to the following
10 examples. In théSe examples, parts and % are all
by weight. 1:_’f
5;: Example lag Préparation of ink »>1 =
‘Sodium sulfate was added to a saturated
aqueous solution‘of a commercial dye (Direct Fast
15 'Yellow R supplied by Sumitomo Chemical Co., Ltd.)
with stirring to precipitate the dye. This pre-
cipitate was filtered, washed with a saturated
solution of sddium sulfate in pure water, and dried.
" This dried solid was weighed out in such a pre-

20 scribed amount that the dye concentration in the
intended ink would be 3%, and was dissolved in a
mixture of ethylene glycol and N-methyl-2-
pyrrolidone (3:1);- This aqueous solution was

(RTM)
filtered under pressure through a Teflonpfilter

.25 having an average pore diameter of 1 pm. The

filtrate was weighed in a plastic container,

allowed to stand in a cold dark room for 3 days, and



. 10 .spectral analysis. The found content was 20 ppm The foll ow ng
characteristics Tl - T5 of the thus obtained i nk were exam ned by using
(for err) a recorder provided with on-demand type nul ti heads (discharge~ &
orifice dianeter. 35 um resistance of 15 heat-generating resistor 150 ohm
driving voltage 30 V, frequency 2’KFE)'mhich performrecording with ink

dropl ets discharged by applying thermal energy to the inks fed therein. The

i nk was found good in all the characteristics [err]. 20 (err)

Long- ternlstablllt Sanpl es of the ink, sealed in plastic bags, were
st or ed I or %ﬂFﬁﬁﬁ%saﬁﬁl?e ?HﬂﬁrésTﬁﬁl°PeFF}§ﬁH féVPfaan both the cases,

nei t her |3§%£gb fégg%égrlnqéFr?aggg Eg érEEZ%F ggert¥§§ i ncl udi ng col or

was obser di scharge was

conduct ed 78&'&# ﬂy%%d;ypéﬁs2éfh9%8fwﬁéaeas wh%@irg ngORE) | e At e

[err] and err e con |t|ons quality recording
coul d be copyé n&'ﬁdiﬁiead'l‘h.’{stBﬁﬁUGQQUbaEQEdOEﬁkéhbﬁna ﬁ%r Di scharge
responsi veness: - The di scharge was conducted at intervals of 2 sec and 5

al so cgndust efl @&t B6n 2ekERaNge Ste88hng464 a $suppiell ble ink. In both the
- cases, none of the orifices were clogged and i nages were recorded

uni f or nel ySumiitt e Chémicébr€d. QUbtdt Y. oTheceffduentnwgs: | nages

adjusted to pH 9.8 with an 0.1 N agqueous NaOH,

and measured  for the total content of divalent and

higher wvalent metals by inducticn plasma emission k;j
10 spectral analysis. The found content was 20 ppm.

The following characteristics T, = Tg of the thus

obtained ink were examined by using (for T, - Tg)

a recorder provided with on-demand type multiheads

(discharge orifice diameter 35 pm,_reéistance of
15 heat-gehc:ating‘resistor 150 ohm, driving voltage -

30 v, frequency 2 Kﬁz) which perform recording with

ink droplcts discharged by applying thermal energy:

to the_inks fed therein. The ink was found good in
Ts. v
20 (Tl) Long-term_stability: Samples of the

all the characteristics Tl -

ink, sealed in;piastic_bags. were stored for 6
months at tempcratures of -30°C and 60°C. In both
the cases, neither insclublc matter nor change in
physical properties including color was observed.
25 (T,) Discharge stability: The discharge
was conducted continuously for 24 hours in atmos-

pheres of room temperature, 5°C, and 40°C. Under all



10 -recorded on recording nmedia shown'lateer in Table 1 were high in optical
density and distinctness, and percentages of decrease in the optical
dénskty were up to 1% after 6 nonths' exposure of the inmges to indoor
light. 15 : (err) Fixability on _various recording nedia: An inmage
was recorded on each of recording nediral®hown |ater in Table la, and 15 sec
| ater, was rubbed with a finger, and the aberration and blotting of the

i mage were checked. On any of the 20 recording medi a, neither the

aberration por e ' wa er Th t i nk showed superi or
fixabi | : ty. Ex%f‘gl‘égkguw 81 ﬁ‘lﬁﬁsqé‘\é t%ﬁ%@f’rg&ngn‘:%ﬂ‘ppé |aIo i nks 25

wer e prepared ééﬁﬂlﬁe&aﬁﬁ@&ﬁh&dy@ﬁrﬁﬂ%ﬁ@ukakﬁé oBe gQI% 2a, and were tested

for the characteristics [err] s ‘gave superlgr results - 17 -
1 simlarly to Exanpl e(t3) Epsaseh&r§a gggﬁoggleéagEges #Re3a, 4a, and 5a
were tested as yell ow, genta, cyan, black 1 n respectlvely, for

the characteridischafgeryasncoh@uetsd aBniftedvald 5¥appkec! an@xcept that
record- ing was conducted by using a recorder having an on-denand type head

(di schar ge 50r i21ge @¢@®@Gt¢d5@fper drmonbhsVstandéngoofpacsampiat ri C
oscillators of the ink. 1In both the cases, none of the orifices
. were clogged and images were recorded uniformely and
steadily.
(T4) Quality of recorded image: Images
10 recorded on recording media shown later in Table 1
were high in optical density and distinctness, and
peréentages~of.decrease in the optical density
were up to 1% afte; 6 months' exposure of the images
tonipdoor light. |
15 ~(Tg) FixaBility on various recording media:
An image was recorded on each of recording
media shown later in Table la, and 15 sec later,
was rubbed with a finger, and the aberration and
Y blotting of the image were checked. On any of the -
99 recording media, ﬁeither the aberration nor the
blotting was observed. Thus the ink showed superior
fixability.
Examples 2a - 5a
. In the same manner as in Example la, inks
95 Wwere prepared from commercial dyes shown later in

Table 2a, and were tested for the characteristics

T, - T

1 ‘All the inks gave superior results

5°




.10t 60 V, frequency 4 KHz) which-discharges ink droplets by means of

pi ezoel ectric oscillators to performrecording. Al these inks gave .
superior results. Exanple 7a Copies of a full-color.photograph were made-l5 s
by using inks of Exanples 2a, 3a,. 4a, and 5a as yellow, magenta, - cyan, and
bl ack inks, respectively and by meadd of the ink-jet recorder used in
Exanples 2a - 5a. The obtained i nage was bright in each color and good in
col or reproduction. 20 Exanple 8a Felt pens were filled respectively with
different-cqlqQr inks prepareq in Exanples 2a - 5a, and were allowed to
stand fbr 83™FAFTLW &R m@gﬁs}arennved. Wth these pens, witing could be
carried 25__out sn%%thly w t hout being blurred. Conparative Exanple A
SodiunlsulpﬁF@p%gs added to a saturated - 18 - 1 aqueous solution of the

same dye (Direct F%ﬁk_?Y%lf'.@Waﬁbl%§ ¥3ed 3 Ry I Widdd Stirring to

precipitate the dye. This precipitate was filtered, washed wth a saturated
sol ution oﬁegqgaugbs9@&4@@,5mh@e@u@g\gygﬁ, ad vild@ed. inle, dried solid was

wei ghed out in such a prescribed anount that the dye concentration in the
i nt endegl i &bspeukdvb&ﬁ%fo&nd.mas:rﬁmﬂeﬁckﬁ:ircsa-'rg'sx-t ure-iaf ethyl ene glycol
and N-nethyl -2-pyrrolidone (3:1). This solution wa
the same manner as in Example la except that record-
ing was conducted by using a recorder having an
on-demand type head (discharge orifice diameter 50
pm, driving voltage for piezoelectric oscillators' \;)
10 60 V,-frequency 4 Kﬁz) which discharges ink droplets -
by means of piezoelectric oscillators to perform
recording. All these inks gave superior results.
Example 7a
Copies of a full-color photograph were made
15 by using inks of Examples 2a, 3a,.4a,'and'5a as
yellow, magenta, cyan, and black inks, respectively
and by means of the ink-jet recorder used in
Examples 2a - 5a. The obtained image was:brighf in .
each color and good in color reproduction. S —/
o0 Example 8a
Felt pens were filled respectively with .
different-color inks prepared in Examples 2a - 5a,
and were allowed to stand for 10 days with the caps..
removed. Witﬁ-these pens, writing could be carried
95 out smoothly without being blurred.

Comparative Example A.

Sodium sulfate was added to a saturated




10 filtered under pressure through a Tefl-on filter (average pore dianeter 1
um .. Then 60% of water was added to 40% of the filtrate to prepare the
| it esded i nk. The -content .of dival ent and hi gher valent 15 nmetals in this
ink was 30 ppm as neasured by atom c absorption spectrophotonetry. The
characteristics [err] of this ink were &8am ned in the same manner as in
Exanple la. As to [err] insoluble matter appeared in the ink after one
nonth's storage 20 thereof. As to [err] the ink discharge stopped
frequently, hence requiring a change (increase) in the driving voltage. On
m croscopi c! ob88p¢abEoRcdntine ofr thee samea dyeat(iDigerdadast br own deposit
was seen adherjing thereto. As to [err]the ink left 25 standing for one
nont h caused OFF&P‘BE B og§i H§edndnt B¥ampdendiage with 18 immdngadof ound

- 19 - 1 above

gpféﬁﬁgf'qggrE€§§8F?§§Fh§k 2§&geg{ are%Fggggh&g%SfWEﬁaﬁﬁﬂéeFédexcept t hat
exchange { reat earoror ¥ficarFRERERERa’ 3ra%BTol o Bomtih 2 eatPal ant “and
" 1) 7LV ke pachevninecabecs PR Bl (ONTRL gl 20 22 PO
were inferior waighedeoperinr sa8Reacpeeadekebed! amduhe thati Bhedliye
concentration in the intended ink would be 3%,
and was dissolved ‘in a mixture of ethylene glycol
U and N-methyl-2-pyrrolidone (3:1). This solution was
10 filtered under pressure through a Teflon filter
(average pore diameter 1 um). - Then 60% of water
was added to 40% of the filtrate to prepare the
intended ink. '
The conteht of divalent and higher valent
15 metals in this ink was 30 ppm as measured by atomic
absorption spectrophotometry. The characteristics
Ty - Tg of this ink were examined in the same manner
as in Example la. As to Tl, insoluble matter
appeared in the ink after one month's storage -
20 thereof. As-to-Tz, the ink discharge stopped
frequently, hence requirihg a change (increase) in
the'driving voltage. On microscopic observation of
the éurface of a heating head, a brown deposit
was seen adhering thereto. As to T3, the ink left
25 standing for one month caused orifice clogging and
the discharge of the ink was found unstable.

Further, twb“inks were prepared from the



. 10" Exanple la, i.e. the ink preparecl wi t hout " nedl'ecti ng any of the
treatnent steps of Exanple la. Exanple |b Preparation of ink Sodlunlsulfale
was added to a saturated aqueous solution of a comrercial dye (Direct Fast =
15 Yel low R, supplied by Sumitonmo Chemical Co., Ltd.) with stirging to
precipitate the dye. This preciptti®Pe-was filtered, washed with a

saturated solution of sodiumsulfate in pure water, and dried. The dried

dyes was wei ghed out in such a prescribed 20 anount that the dye
concentration in the intended ink would be 3% and was dissolved in a

i xt ur & ofa@‘fﬁll%‘h’eg’gﬂ%cﬂY%rkﬁ’l\f%%ﬂ‘ﬂnE E?PrBFPEGﬁE“ES 1). This aqueous

sol ution mas f| tered ressure through . a_Jeflon filter (average pore
di anet er l%&?T%f sBf e ﬁ%f@£ &ggtaﬁagds 8n9dP8aits of the

filtrate w.lé&h éd{' 0 e BLAEe@R HGE odll 8¢ BhetdRxBo8R0chD ouol 2 Laver

of cation é€xchange resin uppl i ono Chemi ca

Co., Ltd.)g ag{w%eéiéwﬁee V@:.se&émélﬁéeéofotﬁb StHe¥ §HK0. I%aqueous NaCH,

al | oned stan 10 days in a plastic container, and filtered again under
pressuise Sotdl Wicént edf Aivalést éaaenagaeaovaldnarrﬁéealé pm, thus
preparlng an ink of the present invention. The magnesi um content in this

I nk was 3. vﬂag)m’numd Maashe 2B hyprat i thabﬁorqneromnkpandr 25 pbmtonetry.

in the latter ink. Results of the same Tl - T5

tests indicated that thése inks were inferior in

these performance characteristics to the ink of W,
10 Example la, i.e. the ink prepared without neglecting

any of the treatment steps of Example la..

Example lb Preparation of ink~

Sodium sulfate was added to a saturated

aqueous solution of a_commercia1~dye {Direct Fast

15 Yellow R, supplied by Sumitomo Cheﬁical Co., Ltd.)
- with stirring to precipitate the dye. This '

precipitate was filtered, washed with a . saturated

solution of sodium sulfate in pure water, and dried.

The dried dyes_waé-weighed out in ‘'such a prescribed' . -/
20 amount that the dye concentration in the intended

ink would be 3%, and was dissolved in a mixture

of ethylene glycol and N-methyl-2-pyrrolidone (3:1).

This aqueous solution was filtered under pressure.

through a Teflon filter (average_pore_diameter-l'pm),
25 and 60 parts of water was added to 40 parts of the

filtrate with stirring to give an ink. This ink was

passed through a layer of cation exchange resin




0. .. . This ink was tested for the'characteristics [err] in the sane
manner. as in Exanple la, giving simlarly good results. In the Tests of
[errj.secording was conducted on the same recording nedia as used in
Exanpl e la which are shown in Table la. 15 Exanples 2b - 5b In the sane
manner as in Exanple |Ib, inks were prepag®d-from conmerci al dyes shown

| ater in Table 2b and and were tested for the characteristics T - T Al

t he i nks gave superior results [err] 20 simlarly.to Exanple I b. Exanple
6b 1 nks of Exanples 2b, 3b, 4b, and 5b were tested as yellow, magenta,

cyan, and bback=fA8€s, (SapRdded, B% Sumitome hemigaleGosti ddd-err] in the 25
sane nmanner as,.in le. b _except that .rec I g was co cted by using a
recorder havi na‘h ngg%g'%&@ﬁaﬁ’&st ??5%&&% & ?E'L%r'%g wd'rtls’f iocgg‘gi aneter 50 um

21 | driving vggulgggsf Waoﬁéteéq_g_lo%tdr isQ:a iﬂolratl(br S Osv.’inf requency 4 KHz)

whi ch di scharg drop y means or piézo-electric oscillators to

R it g e A P el o Y
3b, 4b, ands Sbtagoughl awreFagenirdlteyaavarddel ke FidmeteIPACmME! v,
thus preparing an ink of the present invention.
. The magnesium content in this ink was 3.8
ppm as méasured by atomic absorption spectro-
U photometry.
10 ~'This ink was tested for the characteristics -
T, - Tg in the same manner as in Example la, giving
Similarly good ;esults. In the Testé of T4 and T5,
recording was conducted on the same recording media
as used iﬂ'Example la which are shown in Table la.
15 Examples 2b - 5b
In the same manner as in Example lb, inks
were prepared from commercial dyes shown later in
Table 2b and and were tested for the characteristics
- ™

- T aAll the inks gave superior results

1 5°
20 similarly to Example 1lb.
Examble.Gb _

. Inks of Examples 2b, 3b, 4b, and 5b were
tested as yellow, magenta, cyan, and black inks,
respectively, for the charactefistics T, - Tslin the

95 sSame manner as in Example lb except that reco;ding

was conducted by using a recorder having an on-

demand type head (discharge orifice diameter 50 pm,



- and -by nmeans of the ink-jet recorder cused in 10 Exanples 2b - 5b. The
obt ai ned i mage was blight in each color and good in color reproduction. ..
Exanple 8b Felt pens were filled respectively with different-color inkssu =
prepared in Exanples 2b - 5b, 15 andjallowed to stand for 10 days with t fe .
caps renmoved. Wth these pens, witing could be carried out snoothly '

wi t hout any ink-deficient character. Conparative Exanple B Sodi um sul fate
was added to a saturated 20 aqueous solution of the same dye (Direct Fast

vellow R 821VIRE LB1EXAP!e B dd) Sddid ULIO PIEGILIGRY e the dve. This

precipitate wasS Tiltered, was ed’s sodium sulfate in

pure wat er eagdedEled: ke it dxldboAn R Ao Glilny N SUCh @

prescri bed, armount “that the dye concentr onint ed ink woul d be
3% and wamedhgselEvpdeizd-a 180ttt d¥c i@l & Ye&¥ form -22- 1 and

N- et hyl—-2-pyrrolidone (3:1). This solution was filtered under pressure
through a Fetbedihigl.t eAllathesge imks ghiveaiwediqa)resuliita, 60% of water
was added to 40% of the filtrate to prepare the 5 intended ink. The
magnesifum Esampde 7k the ink was 6.1 ppm as neasured by atom ¢ absorption

spect r ophot o- netrz. The characteristics [err] of this ink
opies of a full-color photograph were made

by using inks of Examples 2b, 3b, 4b, and 5b as
yellow, magenta, cyan,. and black inks, respectively,
and by means of the ink-jet recorder used in

'10 - Examples 2b - 55. The obtained image was blight in
each color and good in color reproduction.
Examble 8b

| Felt pens were filled reS§§cti§{91Y with

different-colo£ inks prepared in Examples 2b - 5b,

15 and allowed to stand for 10 days with the caps
removed. With these pens, writing could be carried -
out smoothly without any ink-deficiept character.
Comparative Example B

Sodium sulfate was added to a saturated /

20 aqueous solution of the same dye (Direct Fast |
Yellow R) as used in Example lb, with stirring to
precipitate the dye. This precipitate was
filtered, washed a saturated solution of sodium.
sulfate in pure water, and dried. The dried solid . -

25 Wwas weighed 9ﬁt_in such a prescribed. amount that the
dye concentration in the intended ink would be 3%,

and was dissolved in a mixture of ethylene glycol.



were examined in the same mahner as in Exampl-e I-b. 10

insal uble matter appeared in the ink after one nonth's storage thereof.
tvo R he ink discharge stopped frequently, hence requir- ing a change

(i ncrease)

surface of a 15 heatimg head, a brown™
to [err] the ink |eft standing for one nonth caused orifice clogging and

in,the driving voltage. On n% roscopi c observation of the
d gosit was seen adhering thereto. As

t he di scharge of the ink was found unstable. Further, two inks were

[ oat mont dnd 6 TGIFE T HR e frect oLy ati ERLF cAORIRESRT ospec.

As to [err]

As

wns 1 ound Lo BEG 5 u Ch TAST (R SEs LREBLGT S nePfolTARRRYT P

Resul 15 25 of (dvasdy® s Salliedes 1 bl C3bRly! Nobstbe pEELPMNCE

characteristics of these inks were ins :
though found twas addedB-td 408 ofPEl EfilOr@técedprepxi€ntheas conpared
with those of the ink subjected to none of the above additional
Tabl e | a 55 Reigoredided ink. Nature of nedi um

nmedi um

10

15

20

25

Icient tor the practical use,

Maker for recordi ng nmedi um G nkan .. High Sanyo
Kokusaku Pul p Co., The magnesium content in the ink was 6.1

ppm as measured by atomic-ébsorption spectrophoto-

1~ T5 of this ink

were examined in the same manner as in Example 1lb.

metry. The characteristics T

As to Tl' insoluble matter appeared in the
ink after one month's storage-theredf. As to Tz,
the ink discharge stopped frequently, hence requir-

ing a change (increase) in the driving voltage.

- On microscopic observation of the surface of a

heating head, a-bfown deposit was seen adhering
thereto. As to T3, the ink left standing for one
month caused orifice clogging and the discharge of
the ink was found unstable.

Further, two inks were prepared from the
above original dye one by employing cation exchange treatment
and the othre by employing electrostatic treatment, respec-
tively in addition tc the above-mentioned treatment. The
magnesium content was found to be 4.8 ppm in the
former ink and 5.1 ppm in the latter ink. Results
- T

of the same tests for T indicated that the

1l 5
perfomance characteristics of these inks were

insufficient for the practical use, though found to

treat nent.
recordi ng (tradenane)



gual ity ‘Ltd. Seven Star -~ Hgh - * Hokuet su Paper Mg. Co., quality

" Ltd] 10 Hakubot an Medi um Honshu Paper Mg. Co., quallty Ltd.
Toyo Filter non-si zed Toyo Roshi Co., Ltd. paper .No. 4 -.paper Tabl e Zéj *
E;tal conc. of 15 Exanple di val ent and hi gher No. "

e valent netals in iMka -Water yell ow 6 19
ppm 3a Chugonol Fast Red 3B 20 " 4da Kayarus Turgoi se
17 " Blue G 20 5a Speci al Bl ack 7984 20 Table 2b
Exanpl e No. . Dye My content in ink 2b Water Yel | ow
6 1 Dbe 1mpr6vadppm&@e8bam ex@nfgonas feasipazed 3@ th 2.1 " 4b
Kayarus Turgoi se 3.5 Blue GL 5b - Speci al Bl-ack 7984
2.9 - 2#hos€l pf\VBhe ink SM@OG@Gﬁ@gtd|n$naj°ﬁxﬁhﬁxQHQWQ1 containing a
' additional treatment. "
Table la
5 Recording Nature of
medium recording _ _ .
~{tradename) med ium Maker for recording medium
Ginkan " High - Sanyo Kokusaku Pulp Co.,
- quality Ltd.’ . _
Seven Star High Hokuetsu Paper Mfg. Co., :
' quality Ltd. , W/
10 Hakubotan Medium Honshu Paper Mfg. Co.,

quality Ltd.

Toyo Filter non-sized Toyo Roshi Co., Ltd.
paper No. 4 paper : ' .

Table 2a
T . . Total conc. of
15 Example ' divalent and higher
No. Dye valent metals in ink
2a Water yellow 6 19 ppm
3a Chugonol Fast Red 3B 20 "
4a Kayarus Turgoise 17 " Y
Blue GL '
90  5a Special Black 7984 20 "
Table 2b
Example = ' -
No. Dye : Mg content in ink
2b Water Yellow 6. 3.9 ppm
25 '
3b Chugonol Fast Red 3B 2.1 "
4b Kayarus Turqoxse - _ 3.5 "
Blue GL

5b Special Black 7984 2.9 "




méter%soluble dye and a sol vent,'the conposition. 5 ~having a total
cponcentration of calcium nagnesium nanganese, iron, alum nium and
silﬁggn of 20 ppm,or less.. 2. A recording liquid conposition containing a

wat er- 10 soluble dye and a solvent, wherein said liquid .
conposi tion has a magnesi um concentration of 4 ppmor less. 3. Aliquid
conposition according to Claiml or 2, 15 wherein the solvent is water

4, A liquid conposition according t% Caim1l or 2, wherein the sol vent
is a mxture of water and a water- solu'*e organi ¢ ‘'solvent. 20 5. A
liquid conpositi @gpaerding to Caim3 or 4, wherein the water is
distilled water and7or water deionized by ion exchange. - 25 - 6. A
liquid conposition according to any preceding claim conprising 0.1 to 20%
by wei ght of the water- soluble dye. 5 7. An ink-jet recording

met hod conpri si ng ¥.or A nreboxizic 1dfquidk confpogitiich M davEELhiy 4 he
ink conprising a liquid conposition according to any preceding claim
10 8. An i nk- water=mnldible neiyeod amtorali rmpliiventt] aithe 7,conpsitidhe
droplets of the ink are forned by the influence of thernal energy on the

i nk. 5 having a total concentration of calcium, magnesium,

manganese, iron, aluminium ‘and silicon of 20 ppm or

less.
\—/ : 2. A recording liquid composition‘containing a water-
10 soluble dye and a solvent, wherein said' liquid

compqsition has a magnesium concentration of 4 ppm or

less.

3. A liquid composition éccording to Claim 1 or 2,

15 wherein the solvent is water.

4, A 1liquid composition according to Claim 1 or 2,
yherein-the solvent is a mixture of water and a watef-
soluble organic solvent.

20
5. A 1iquid composition according to Clgim 3 or 4,
wherein the water is distilled water and/or water

deionized by ion exchange.

% [ L M S *



9. Arecording liquid composiition according to Caim 15 1 or 2, l
. Substantially as described with reference to any of the Exanples. 10. A: ‘
method of ink-jet printing according to daim?7, substantlaJIy as descag@ed

with reference to any of 20. t he Exanpl es. -

- 25 -
6. A 1liquid composition according to any preceding
claim, comprising 0.1 to 20% by weight of the water-

soluble dye.

5 7. Ah ink-jet recording method comprising forming
droplets of ink to perform recording, the ink
comprising a liquid composition according to any

preceding claim.

10 8. An ink-jet recording method according to Claim 7,
wherein the droplets' of the ink are formed by the

influence of thermal energy on the ink.

9. A recording liquid composition according to Claim
15 1 or 2, substantially as described with reference to

any of the Examples.

10. A method of.ink-jet'grinting'according to Claim
7. substantially as described with reference to any of

20 the Examples.

-
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