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- 1 - INK JET PRI NTING METHOD This invention relates to a nethod of thermal !
ink jet printing. 5 Thernmal ink jet recording systens rise_ﬁo m ng i nk
droplets by a system of heating an ink and utilizing the gigséure{¢eveloped'
t hereby, and then depositing a portion or all of the in roplets onto a
recordi ng 10 mat eri al such as paper, etc., thereby nmKing a
recordi ng. The known. ink for use inink jet recording systens includes

sol utions or dispersions of various water-soluble dyes or pignents in water
or a liquid nedium conprising water -and a-wat er-sol uble organic 15 .
sol.vent. - 2-1 It is needless to say that various properties
are required forINKeJEBNDRENTENG MERKHORDs descri bed above, and the nost

i nportant property is, -anong others, such a liquid stability that neither

cl ogging nor precipitation 5 takes place in a nozzle or orifice of the
recordi ng appar dyrin he recording with the in r duri '

i nterruptions o%iﬂo#ﬁ?ﬁé?aﬂ‘ Eﬁﬁ‘iaﬁasa% r & &f(ﬁ’ﬁ"# rﬂ%rﬁ%%ﬂhr}% 38F i nk

jet system partbgghgih¥.an ink jet system based on a thermal energy,

5
Thermal'ihk jet recording systems comprise forming ink
droplets by a system of heating an ink and utilizing
o the pressure developed thereby, and then depositing a
~ portion or all of the ink droplets onto a recording -
10 material such as paper, etc., thereby making a (
recording. The known ink for use in ink jet recording
systems includes 'solufions or dispersions of various
water-soluble dyes or pigments in water or a 1liquid
medium compri;ing water and a water-soluble organic
15 solvent.



*10 the stability of the ink is particularly inportant, because foreign
jmatger is liable to deposit on the surface of a thermal head due to changes
!4n tenperature. In the case of the conventional ink, several additives are
\peqU|red to sati.sfy various conditions.such as ink 15 discharge conditions,
a long termrstorage stability, distinctness and density of an inmage during
the recording, surface tension, electrical properties, etc., or various
impurities are inevitably contained in the dyes. Thus, there are various
probl ens such as clogging in the 20 nozzle or orifice of an ink jet device,
deposition on the surface of a therm# ~head, precipitation during the |ong
term storage etc. mhlch are reasons for delayed spread of the ink jet
recordi ng systen1| ite o variqus di st,i ngui shed characteristics.

An obj ecttof the pFEs Ftne ?cﬁP|§9¥(F W@Gﬁﬁ“ REORPEEAPENREGes of the
t d hod_ of 5 th | ink
Pet " printor THROLFRS fot el olhvenriona)’ ik =55 BRGEIPRA BRREE: bl ace i n a
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an ink jet dEVIEQui@ stabyﬁﬁe SHMY iR qmogeiﬁgr Qbﬂgpréeibﬂﬁaeiéﬁent
I nvention, there I's provided--a nethod of printing using a thernal
ink jet 5 takes place in a nozzle or orifice of the
| recordzng apparatus durlng the recording with the ink,
or during interruptions of recording, or during a
prolonged intermission. In the ink jet system,
N ‘ lparticularly an ink- jet system.basgd on a thermal energy,
10 che stability. of the.ink is particularly important,
| '.because foreigh matter is liable to deposit on the surface of
a thermal head due to changes in temperature. In the
case of the conventional ink, several additives are
required.to satisfy various conditions such as iﬁk
.15 discharge conditions, a long term storage stability,
:;distinqtness and density of aﬁlimage during thg recording,
surface tension, electrical properties, etc., or various.
impurities are inevitably contained in the dyes. Thus,
“__tperé_are various problems such as clogging in the
20 nozzle or orifice of an ink jet device, deposition on
the surface of a thermal head, precipitation during the
long term storage etc., which are reasons for delayed

spread of the ink jet recording system in spite of its



printer an ink conprising a water-soluble dye and 15 havi ng a total
concentration of iron and silicon at 9 ppmor less. Preferably, the 'ink
i s ‘prepared froma water-soluble dye having a total content of iron and B
silicon of 250 20 ppm or | ess. 4 As a result of extensive studies ™4
to attain the said object, the present inventors have found that-the '
comercially avail abl e dyes contain many inpurities 5 (e.g. various erganic
and inorganic matters such as a dispersant, a |levelling agent, efc.) beside

‘the dyes thensélves, and these inpurities mainly cause the said problens

As a result of further studies of varidus Tnfluences by these inpurities,
the present inventors 10 have found that the |argest cause-for clogging
in the nozzle or orifice, and precipitation during the preservation of ink,
particul arly deposition of foreign matter on the thermal head according to
an ink jet systemusing thermal energy is iron and silicon 15 contained in
the ink and the Svaﬂ1003|dﬂstﬁngmushmdcahatnntntie&idglLwlng an ink free
fromsuch inpurities, and have established the present invention. The
present invention wll be described in detail below The basic conponents
of an ink for use in the

An object of the present invention is to overcome the
disadvantages of the prior art and provide a method of

5 ' printing using in a thermal ink jet' printer an ink
. with such stability that rio clogging takes place in a

nozzle, orifice, etc. during’ recording as well as

during long term storage, or'ﬁd'deposifioh takes place ~
‘particularly on the thermal head_of an ink jet device
10 - using thermal energy. | - o |
According to the present invention, there is provided f
‘a méthod of printing using in a thermal ink jet !
. printer ‘an ink comprising a  water-soluble dye and
- 15 . having a total concentration of iron and silicon at 9
ppm or less. _
L

 Preferably, the ink is prepared frbm_a'ﬁaterfseluble
dye having a total content of iren:and'siiicoﬁfdf 250

20 ' ppm or less.



present invention are well known by thenselves, and the dye is a
wat er-sol ubl e dye such as a direct dye, an acid dye a basic dye, a
‘E2§active dye, etc. The dyes suitable as an ink for the ink jet recording
stem and satisfying the properties required for it, e.g. distinctness,

‘water 25 sOlubility, stability, lightgfastness, etc. include, for exanple,
C.l. Drect Black 17, 19, 32, 51, 71, 108, and 146; C.I. Drect Blue 6, 22,
25, 71, 86, 90, 106, and 199; -5-Cl. Drect Red 1, 4, 17, 28, and

83; C.I. Direct Yellow 12, 24, 26, 86, 98, and 142; C I. Direct Orange 34,
39, 44, 461 and 60; C 1. Direct Violet 47, and 48; C I. Direct Brown 109;

C 1. D rect Green 59; C. 1. . Acid Black 5 2 7, 24, 26, 31, 52, 63, 112, and
118; C.I. Acid Bl udSoa pesulp ofcextensiye stydies ko attaim she gaid 559

00 238, oot nd pfadht, Hfyadtons hadk olia Thoingd ™ 115, 150
S Bosilc "B coupasgidndvifishid aféh boARS, ety Selpyeiiies 0 10 T )
9, 12, 13,514(e38] J4ribus- oﬁ@infc\éﬁﬁeingrg&ﬁc %Ht%s Guch @@ Black 1,
and 2, etc. The foregoing exanples of the dyes are particularly is
preferable fodispersahtapalléveﬂlaﬁg)ajvnﬁU€§¥§U)lbﬁdiat'hhk dgeqr di ng, but
the present invention will never be
themselves, and these impurities mainly cause the said
problems. As a result of further studies of various
influences by these impurities, the present inventors
10 .have.found tnat the largeSt cause for clogging in the
nozzle or orifice, and precipitation during the
preservation of ink, particularly depos1tion of
foreign matter on the thermal head according to an ink
jet system ‘using thermal energy is iron and silicon
i15 contained in the ink and the said various problems can be
" solved by uSing an ink free from such impurities, and
have estaclished the present invention.
| The present invention will be described in detail
below. The basic components of an ink for use in the
Y 20 present inyention are ﬁell known by themselves; and the
o dye is a water-soluble dye such as a direct dye, an acid
dye, a basic dye, a reactive dye, etc. The dyes suitable
as an ink for the ink jet recording system and satisfying
the properties required for it, e.g. distinctness, water
solubility, stability} light fastness, etc..include, for
example, C.I. Direct Black 17, 19 32, 51, 71, 108, and

146; C.I. Direct Blue 6, 22 25, 71, 86, 90, 106, and 199;



limted to these dyes. Cenerally, about 0.1 to about 20 % by wei ght of the
wat er-sol ubl e dye is used in the conventional ink on the 20 basis of the
total weight of ink. |In the present invention, the water-soluble dye can !
be used, of course, within the said range, but it has been found by the - &~
present inventor that even use of the water-soluble dye in an arfount over -

t he sai d conventional range gives aIfetter liquid 25 stability w thout any
precipitation than that of the conventional ink. The sol vent (- 6-1
for use in the ink according to the nethod of the present inventionis

water or a mixture of water and a water- soluble organic solvent. A

particul at | ycprefpipdte Red VEntd, ris, @8 amsl &3 wdt.dr. Nidestndeddovol ubl e
organic 5 solvent,where the water-sol uble organi‘c sol vent includes a

pol yhydri c al2ph24, ha&i ridf arP&s fand kﬂ?ﬁnQaiﬂl igiecd GRRNGR HrodPdr yi ng,

and the water is not the ordinary water taln gV us s, but
preferably déﬁonﬂieda%t%q' Ghmtixesh ‘f ?&6{161% grg;ni c sol vent

vt RIS B i, S, O ok,
' sopropyls al gohgl . 24; bag Y3 f) %4063, 112, -and 118; C.I. Acid
Blue 9, 22 40 59, .93, 162 104 113 117, 120, 167,
229, and 234 C I. Acxd Red 1, 6 32, 37, 51'.52 80,
85 87, 92, 94 115, 180 256 317, and 315, c I. Acid
Yellow 11, 17, 23, 25, 29, 42, 61, and 71, C. I. ACId _
10 Orange 7, and 19, c I. Acid Vzolet 49, Cc.I. Baszc Black
2; C.I. Bas;c Blue l, 3, 5, 7 9 24, 25, 26, 28, and
29; C. I. Ba51c Red 1, 2, 9 12 13, 14, and 37, C. I..
Basic Vlolet 7. 14 and 27, C I. Food Black 1, and 2
etc. The foregozng examples of the dyes are partlcularly
15. preferable for the 1nk appllcable to the present method
for recordlng, but the present 1nventlon will never be
llmlted to these dyes.
| Generally, about 0.1 to about 20 % by welght of the
water-soluble dye is used in the conventxonal ink on the W
20 .baszs of the total we;ght of ink. In the present rnventlon,
| the water-soluble dye can be used, of course, wlthin the
sa1d range, but 1t has been found by the present 1nventor
ythat even use of the water—soluble dye in an amount
over the sa1d conventlonal range glves a better 11qu1d
25 stablllty without any preclpltatlon than that of the_
conventlonal ink.

The solvent '



sec-butyl al cohol, tert-butyl alcohol, isobutyl alcohol, etc.; am des such
1s dj met hyl formam de, dinethyl acetam de, 15 etc.; ketones or ketoal cohol .
uch\ as acetone, diacetone alcohol, etc.; ethers such as tetrahydrofuran,

di oxane, etc.,; polyal kyl ene glycols such as pol yet hyl ene gl ycol, .

pol ypriopyl ene glycol, etc.; al kylene glycols whose al kyl ene group has 2 to
6 carbon atons, such as ethylene 20 glycol, propylene glycol, butylene
glycol, triethylene glycol, 1,2, 6-hexagetriol, thiodiglycol, hexylene

gl ycol, diethylene glycol, etc.; glycerine; |ower alkyl ethers of

pol yhydri c al cohols such as ethylene glycol nethyl (or. ethyl) ether,

di et hyl ene glycol nethyl (or 25 ethyl) ether, triethylene glycol nononethyl
(or ethyl) let Foxr welec in Bheetihk! adcByasali denehelmétﬂbHE§PY£n3-pxesent

i m dazol i dinone, etc. Anong these many water-sol uble - 1 organic
sol vents, pol yimvénitionl dehwhtesuok asmikeukyl ofewgtyeohndea cwatarn | ower
“al kyl ethers of _polyhydric al cohols such as triethylene glycol nononethyl
(or 'ethyl) eFﬁ@PPlétQ?S&Péch918F§§Fe.A5P§rt19uﬂbnbyabrqfetahiepntent-of
t he mater-solg%h% organic solyent ip. the ink_is 0 to 95 % by weight,
preferably- 10 10 gﬁt%}ﬂyamﬂFﬁﬁPFeaﬁg Wﬁpﬁerﬁﬁe?aﬁ??eEtP?%Pki;fﬂ?ﬁPﬂ&ﬁ ght
?RetQSGE?ZESO?B%?EﬁtﬁQ&ﬂérgeLﬂEtwgéefﬂgdlaﬁfeCgpéggicOgd Gl ERGHLS on
a polyhydric alcohol having an effect on prevention of
an ink from dr&ing, and the water is not the ordinary
water containing various ions, but preferably deionized
U water. Examples of the water-soluble_oxganic solvent
10 for use together with water includes alkyl alcohols_haviﬁg
1l to 4 carbon atoms such as methyl alcohol, ethyl alcohol,
n-prppjl alcohol, iéqp:opyl alcohol, n-butyl alcohoi,
sec~butyl alcohol, tert-bﬁtyl alcohol, isobutyl alcohol,
etc.; amides such as dimethyl formamide, dimethyl.acetamide,
15 etc.; ketones or ketoalcohoi such as acetone, diacetone
alcohol, etc.; ethers such as tetrahydrofuran;_dioxane,
| etc.; polyalkylene glycols such as polyethylene glycol,
| _.polypropylene glycol, etc.; alkylene glycols whose
\~% . alkylene group has 2 to 6 carbon_atoms, such as ethylene
20  g1yco1, propylene glycol, butylene glycol, triethylene |
glycol, 1,2,6-hexanetriol, thiodiglycol, hexylene
glycol, diethylene glycol, etc.; glycerine; lower alkyl
ethers of polyhydric alcohols such as ethylene glycol
methyl (or ethyl) ether, diethylene glycol metﬁyl (or
25 ©€thyl) ether, triethylene glycol monomethyl (or ethyl)
ether, etc.; N-methyl-2-pyrrclidone, 1,3~dimethyl-2-

imidazolidinone, etc. Among these many water-soluble



10 said solwvent conponent, its conposition or desired ink characteristics,
and can be sel.ected in a wde range, but is generally 10 to 100 % by
wei ght, preferably 10 to 70 % by wei ght, and nore preferably 20 to 70 % by =ﬂ¢£

wei ght on the  basis of the total weight of ink. 15 The basic ink

conponents used in the present ‘invention are as described above,:and the
present invention is characterized i.njthat the total content of iron-and
silicon contained in the ink is adjusted to 9 ppmor less. It is desirable.
that the iron content is 20 controlled to 4 ppmor less in the tot
- iron and silicon. As a result of extensive studies of the ink
stabi | i ty lon adganigsisolyentife Pedwhydydct Rdcohoilisc suche agyddesByianeused in

vari ous. adi SRS s 8-l SBEC Aovaz, aHerindthers, o PRIVEYSRICas ol | a5
very meny | Muylhios R 35 304CUGBRE biGeototnlathla doroath

content of

1 of al kaline’¢€

troubles in @Qﬁéqugkgg-Qggobggggfagqewmiting instrunents, the present

i nventors have found that the troubles can be solved to a consi-derable 5

etc., e’ nmpuril e varl

al,

it

-8-

degree bysintensi Gengradnyyi thet toatentpoti thes vater-sbaubyesotgandie t he
dyes of high purity for the ink, but

10

15

20

25

solvent in the ink is 0 to 95 % by weight, preferably
10 to 80 % by weight, and more preferably 20 to 50 % by
weight on the basis of the total weight of ink.

' The content of water depends . on .the species of the

said solvent component, its composition or desired ink

' characteristics, and can be selected in a wide range,

but is génefally 10 to 100 % by weight, preferably 10
to 70 § by weight, and more preferably 20 to 70 % by
weight on the basis of the total weight of ink.

The basic iﬁk components used in the present
inventibn-afe as described above, and the present

 invention is characterized in that the total content of

iron and silicbn.contained in the ink is adjusted to 9 ppm

or less. It is desirable that the iron content is

controlled to 4. ppm or less in the total content of iron.

and silicon.

"/

As a result of extensive studies of the ink stability

on the basis of the knowledge that, since the dyes so far

o ) : . o . . ’ e . .
used in the conventional ink are prepared for dyjing of
fibers, £he dyes contain various additives, such as a

surfactant and a levelling agent as well as very many

impurifiés such as sodium chloride, sodium sulfate, salts



t he deposition of foreign matters on a thermal head. cannot be fully
prev@nted in the ink jet system particularly in the ink jet systemusing a
hermal energy. 10 As a result of further detailed studies, the present
vent(ors have found by anal ysis of depositions that the main conponents of
the dep05|t|ons are iron and silicon, and further that the anmount of
depositions is in good correlatlonshbpamkth the total anpunt of iron and 15
silicon in the ink, and has established the present invention. It is known
that the commercially available dyes contain a considerable amunt (severa
tens to several hundreds ppm of iron and silicon. A procedure for
adj usting theofomikaline paskhametadssi etcon andtthesekimpuribieslescri bed
in detail below. First of all, sodiumsulfate is added to an aqueous dye

sol ution at aCABSPr ¥ATiBHECHFPEPieH 1B EbﬁtlﬁhtJ?herﬁi%rd#%%nan t he
ol ution of oHrEELRPLEnEEFRRBRENT Bhe rppent “LavSedRs difws fouda °7 T e
predet er i nedeARRUBhe Ok rblB1EBUSaRDLE eaﬁ,&ilgai dée,ﬂs ifggeis di ssolved
in a water-sol ubl e organic sol vent, e resulting solution
is filteresl tdegbeeibyaihtéhsively i:éméiﬁﬂig CElsése ailhpd\ﬁi@ieéciff&& &HY gani c
sol vent can be used, so long as it can serve as a
dyes to make the dyes of high purity for the ink, but
the deposition of forezgn ‘matters on a thermal,head.
cannot be fully prevented in the ink jet system,
lparticularly in the ink jet system using a thermal enexqgy.
— 10 As a result of further detailed studies, the present
inventbrs have found by analysis of depositions that
the main components of the deposiﬁioné are iron and.
silicon, and further that the amount of depositions is
in good correlationship with the total amount of iron and
15 silicon_in the ink, and has established the present .
invention. It is known that the commercialiy available
.. dyes contain. a considerable amount (several tens to
sgverai hundreds ppm) of iron and silicon.
A procedure for adjusting the content of iron and
20 Silicon in the ink will be described in detail below.
First of all, sodium sulfate is added to an agueous
dye solution at a desired concentration to salt out
.the dye. Then, the deposited precipitates are recovered
by filtration, washed with a saturated solution of
25 Sodium sulfate in pure water, and then dried. A

_predetermined_amdunt of the thus obtained dried solid

matters is dissolved in a water-soluble organic solvent,



poor solvent for sodiumsulfate and as a good solvent 5 for the dye. A
nnft 'sui tabl.e solvent can be selected in view of the structure of a dye to
be‘\treated. Usually, alcohols, glycols, and glycol ethers can be preferably“v}
used as a solvent. The thus obtained filtrate is left for 1 to 3 days, and
ther{ refiltered. 10 - Then, a predetermni ned anount of water i § added to
the filtrate, and the resulting nixtuge-is stirred and passed through a

cation exchange resin layer. Then, an“additive is added thereto,, if

required, and the mxture is stirred to prepare an ink. Then the 15,

contents of iron and silicon in the ink are determned by an atom c

absorpt'f’p spag! tRAELeEuREiAg EBYHELbHELY eoupbedaptassBLah sl on
spectroneter to confirmwhether the total content of iron and silicon
cont ai ned i s£91ppacer. | gasthasdcabet, hanhypwaterabbyubhe epgari¢ 20 of iron

is 4 ppmor less. The ink can be placed at practical use;, if the contents

of iron and splvent cap batusedet spylong akeitorapgoseyverascdure, the

initial salting-out_ treatnment is nainlzuto rempve. sodi um chl-ori de which is

25 a typi caPoPRpEPLVEntoRPEi ALEiPR ABifabe #RE 28nMePePdl FYLURAR abl e
ordi nary dyegﬁfaggéiag nexée%ég f%ﬁ?§ﬁ$@§P§£ESéﬁf'53%95é"§é¥£%€2550|Uble

%

organic s®lv Peno
in view of the structure of a dye to be treated.

Usually, alcohols, glycols, and glycol ethers ‘can
be préférably used ‘as a solvent. The thus obtained
filtrate is left for 1 to 3 days, and}then'refilteréd.
1o Then, a predetermined amount of water is added

to thé.filtrate,'and the resulting mixture is stirred

and passed through a cation exchange resin layer.

Then, an additive is added thereto, if required, ard the

mixturé”iS'stirred”to'prepaie an ink. Then the '
;5 contents of iron:and silicon in the.ink are determined

by an atomic absofptioh'speétroﬁeter.or an induétivély .

coupled plasma emission spectrometer to confirm |

whether the total content of iron and silicon contained

is 9 ppm or less, and whether preferably the content \;)'

g0 ©OFf iron is 4 ppm or less. The ink ‘can be placed at

practical use, if the contents of iroﬁ_and silicon are
satisfactory.

In the foregoing procedure, the initial salting-out
treatment is mainly'to'rémoﬁe sédium'chlofide which is
95 @ typical impurity contained in most of the comme;ciéiiy'”
avéiiable5ordinafy dyes, and the next treatment with the



“originally contained as an inpurity in the dye and the sodi um sul fate nuch
addéd in the salting-out treatnment. The refiltration after the standing of °

sthe filtrate for 5 a long termis nainly to renove colloidal matters

Neonta{ning iron-and silicon in the:solution. The subsequent treatment with
the cation eéxchange resin is to renove the iron ions contained. In the
foregoi ng, one procedure for adjustiTm}QHé 10 contents of iron and silicon
in the ink has been described, but the adjustnment is not restricted
thereto. That is, any procedure can be effectively utilized, so long as it

can renoveyionized ir r collojdal jron compounds, silican co nds,
otc. For exangrterssolibie praanic molvanh 47 4 Fagiqve, sodium siifate

coagul ati on- pLegi i o Gegyr ' I j | hQn
procedure, a ‘F?%ﬂés%#}k e%%é)pr oce%su;%% rg“rﬁlei e% #f}%ﬁec% réogggﬁtrtgl,% etc. can
be used. As ags@ivmEWPEA€d MK CEadda | I e Gl wdS tHéatmEpiel.l L1 es,
water to be used can be nenti.oned beside the dye to be used. -Contam nation
of iron and sThe cosf fthtrdeign caftdre by sten@ing of ahenvdidtrateh faox
distilled water, ion-exchanged water, or a m xture thereof as water for the
i nk. Mbpst Tontalongit texrm sigimainky i tora®vendalildidal mattiessdye to be
used. Particularly when the dye to be used is a comm rcialh& avai |l abl e
product, thei FOREAIAG Lrek ARG, $hlgeam, jt%é‘q?oﬁlé‘é;é’é‘ e o

- subsequent treatment with the cation exchange.resin is

to remove the iron ions contained.
In the forégoiné, one procedure for adjusting the
W/ 10 contents of iron and silicon in the ink has been described,
but the adjustment is not restricted thereto. That is,
any procedure can be effectiﬁely utilized, so long as
it can remove ionized iron or colloidal iron compounds,
silicon compounds, étc. For example, an procedure of
15 exposure to air, a coagulation;precipitation procedure
using a coagulant, a filtration procedure, a lime-
softening proceduré, an electrolytic procedure, etc. can
pe used. |
| As a contémination source of iron and silicon as
N\ 20 impurities, water to be used can be mentioned beside the
dye to be used. -Contamination of iron and silicon can
be piévented by using treated water such as distilled
water, ion-exchanged-wateﬁ,_or a mixture thqreof as
~water for the ink. Most contamination_sourqe of iron
25 ahd silicon ié the dye t§ be ﬁsed._ Particularly when
thé.dye.tq be used is a.commercially available.prqduct,

their contents are very high in the most cases.



- 11 - In the foregoing, renoval of iron and silicon contained in the

hag been nmainly described, but actually it
renove various inorganic salts such as sodi um chl ori de,

etc., or calcium etc. together with the renoval of iron and silicon

above enbodi ment of the treatnent is P?sgribed referring to comercial dyes
whi ch contain a considerable quantity "of
highly 10 pure resulting froma pure starting nateri al

dye product

ded, t t he ' : Sisj fied. A
pouder or et er - sBRuEInEgfedREg, BipdYal o8 LA R | B0
W thout oroptpppalhdaViih htlggdiﬂk NP bédh Gid{rfLy HBKEIHed)S budNg as it

satisfies the requilrenment

i s-purified, not all of the above-nentioned treatnents is

the I nvention as to the concentration of

silicon and peegallyt € £8|the Wrdirdaty padientc -t pesicy % aqueous
t he above-nenti oned dye of 20 high purity will contain only
-appr oxi mat el yatfeds pporgénicpsalty suchl as saedium sdfldrisde ,a soddum t uent

sol uti on of

for an aqueous dye solution for

i mpurity. Wien the dye itself
or when synt hesi zed

i nk

Is the ordinary expedient to
sodium5 . sul fate,

The

'S

i nk

i nk. The aqueous dye sol ution nentioned

_above may5besukfabeedete. i toF catghu ekfi rkpgethar srith ®h&,j ded that 25
the solution satisfies requirepent_ for an ink such as concentrations of a

dye, iron ande®PVatopf i¥en and silicon.:

10

15

The aboveuembodihent.of the treatment is described
referring to commercial dyes which contain a consideréble

quantity of impurity. When the dye itself is highly

pure resulting from a pure starting material or when

‘synthesized dye product is-purified, not all of the

above-mentioned treatments is needed, thus the treating
process may be'adﬁantageOUSly simplified.

A powder or water solution of the dye bf'high"'“
purity may be used for ink without oroptionally with
addition of an extra bomponeﬁf'és long as it satisfies
the requirement of the'inéention as to the concéntrétion
of silicon and iron in the solution. For example: 5-30
weight § aqueous solution of the above-mentioned dze of
high purity will contain only approximately 10-75 ppm
of impurity, and is very ﬁéefui a§ a'congtituent for
an aqueous dye solution for ink;' |

' The aqueous dye solution mentioned above may be

employed as it is without adding a solvent, providéé'that

the 361ution'satisfies'féquixement for an ink such as
concentrations of a dye, iron and silicon, etc.

The basic ink composition

b

. E.é’

o



*The basic ink conposition - 12 - 1 used in the nethod of the present

I nvdntion is as descri bed above. In addition, various so far known
;dlspersants surfactants, viscosity- controlllng agents, surface 5 :
“#nsion-control ling agents, etc. can be added thereto, if required, and for
exanpl e, viscosity- controlllng agents such as pol yvinyl al cohol, cellulose,
wat er- soluble resin, etc.; various cationic, anionic or non- ionic
surfactants; suface ten3|on controllipy agents 10 such as di et hanol am ne,
triethanol anine, etc.; pH controlling agents such as buffer solution;

anti fungal , .etc can be used. To prepare.an-ink for use in ink jet system

of..a type of ect er an actlon of thernal 5 energy,
t her mal p(r%ope |es #R‘? exan%cf] oygtg‘ecﬁrecs% mvg'(r)‘e Feitén %of t her nmal

expansi on, thet béﬁwggggéV|ty, etc. of the ink nmay be adjusted. The thus
obt ai ned i nk or use in the method of the present i nvention is conpletely

free fromthe troEbI a g of the | IS StEF% hed and wel |
. bal anced, as such; AHEIPRe oY RF QQWW: 4Sp DRk j et systen1

(signal reSpQﬂ§?ac§5§Q§|'Gysé%si£§ugéhé¥6¥ifﬂ§ agents, surface

S tension-controlling agents, etc. can be added thereto,
if required, and for example, viscosity-controlling
agents such as polyvinyl alcohol, cellulose, water-
soluble resin, etc.; various cationic, anionic or non-

U ionic surfactants; suface tension-controlling agents
10 such as diethanolamine, triethanolamine, etc.; pH-
controlling agents such as buffer solution; antifungal,

etc. can be used.

To prepare an ink for use in ink jet system of .a
type of ihjécting the ink under an action of thermai
15 energy, thermal properties, for example, specific heat,
‘coefficient of thermal expansisn, thermal conductivity,
etc. of the ink may be adjusted. |
" The thus obtained ink for use in the method of the
present invention is coﬁpleﬁely free from the troubles
20 Of the prior art and is distinguished and well balanced,
as such, in Ehe'recerdinq'characteristics'in the ink

jeﬁ'systeﬁ (signal response, stability of liquid droplet °
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- 13 - formation, discharging stability, continuous and prol onged
regordability, and stability of ink discharging after prol onged
intérruption in working), storage stability, fixing property to a recording 4
material, light 5 fastness of recorded inmage, resistance to weathering, - j*?
etc. and is al so useful as an-ink for nk jet recording of various$ other
types or as an ink for witing |nstruﬁents 10 The present invention wll
be described in detail 15 below, referring to Exanples, where parts or %
is by weight. Exanple 1 Preparation of ink At first, an aqueous 10 % -

sol ution of GEERBEGHA) 'aﬁ@mgﬁ%;@gﬁ?@%, ﬁuﬁé‘%&%‘%i&@éﬁe by

Bayer Co.) was prepared € was a o the agueous
solution. Theceelsbibitygsandi staPiltPads MK diveHheyingTheEt@reci pitates
were recovered by filtration, washed with a saturated sol ution. of sodi um
sulfate in 2§robqngedainteranﬁtﬂoneﬂn watieingy) o dstantage retabdnd tygr e melghed

out to nmake the dye concentration of 3 %in the resulting ink, and
di ssol ved i nféx3ng prepertyctefa recording material, light

5 fastness of recorded image, resistance to weathering,
‘etc. and is also .useful as an-ink for ink jet feqo:ding
of various other types or as an ink for writing -

instruments.

10 o T | . L . ' .' v

The present invention will be described in detail
15 below, referring to Examples, wheré parts or % is by
weight._ .
: gggle 1 .
: Preparatlon of ink
At fzrst,_an aqueous 10 % solution of commerc1a11y
20 avazlable dye, “SPec1a1 Black 7984" (made by Bayer Co )
was prepared, and sodium sulfate was addeﬁ tq the
aqueous solution. The solution ﬁas sﬁirred to salt out
the dye. The p:egipitates ye:e:regqverediyy fi;t:ation,
washed with a saturated solution of sodiuﬁ sulfate in
o5 DPure water, and dried. The.driéd solid matters were
wéighed ouﬁ to make the dye concentration of 3 % in'

 the tesulting ink, and dissolved in a 3 : 1 mixture of

L



( - 14 - 1.ethylene glycol and N-nethyl-2-pyrrolidone. Then, the resulting
soldtion was filtered under -pressure through (RTM a TeflonAfilter having
ian average pore size of 1 pm and the filtrate was sealed in a plastic

nta(ner and left 5 in a cold dark place for three days. Then, the

filtrate was refiltered through the Teflon filter having an average pore
size of 1.pm_ Then, 60 parts of water hds—added to 40 parts of the thus
obtained filtrate with stirring to make an ink. Then, the ink was passed 10
through a,l ayer of cation exchange resin C 464 nmade by Sum tonb Kagaku
Kogyo K. K. Japan, and then_the ink was adjusted to pH 9.8 with an aqueous

" I'N sodi um Hydeskyaeneopiyreh. and Nrmeshyin ‘BYrF?bhd%ﬂﬁ s???%ontqﬂ t he ink

and ?ﬁbﬁé”‘tBe%sbélé%ﬁ%iﬁvﬁ#eow%%‘n‘?*-fgege%pwdgg‘éie?%? 8 T -
T5 of the thus pbepgh ﬁglge&rwﬁse gVEA! hoaLEde | Bofe SE6 LhE %L ARRATGHA'S W LN

a nulti-head of ype o iving at energy to an ink in the

recordi ng heagneofgegeasecwhsOyed188 i QPpPASL IE dcdbRt &6l Cind exextli ng
(discharging orifice diameter: 35 pm resistance of exothermc resistor:

150 ohns, 8riinng coldagarkSplaoét£¢rfthqeendqys2k}mhenzumhewfia&mmmﬂ good
throughout (ILL %22gligigasigégg§hséﬁglééffﬁnTFfiégg ﬁﬁﬁang an
- average pore size of 1 pm. 'Then; 60 parts of ‘water
was added to 40 parté of the thus obtained filtrate.
with stirring to make an ink. Then, the ink was'passed
o/ 10 through a layer of cation exchange resin C-464 made by
Sumitomo Kagaku Kogyo K.K., Japan, and then the ink was
adjusted to pH 9.8 with ‘an aqueous 1N sodium hydroxide
solution. Total content of iron and silicon in the ink
was determined by an inductiﬁely coupled_plaéma emission
15 spectrometer and found to-be 8.6 ppm (iron content: 3.6
- ppm). The following-items T1 - T5 of the thus prepared
ink were inﬁestigated'in a recording apparatus with a
multi-head of on-demand type of giving a thermal |
energy to an ink in the recording head to generate liquid
— 90 droplets and to conduct recording (discharging orifice
diameter: 35 ym; resistance of exothermic resistor:
- 150 ohms, driving voltage: 30 volts, frequency: 2KHz),
and were found good throughout.
(T1l) Long term storage stability: The ink was
25 séaled in a plastic film bag and preserved at -30°C and
60°C for 6 months, separately. No insoluble p?ecipitates

were found and no changes in the physical properties and



25, sealed in a plastic filmbag and preserved at [err] and [err] for 6
ths, separately. No insoluble precipitates were found and no changes in

properties and - 15 - 1 color tone of the ink were found

ter. (T2) Discharging stability: Discharging was carried out

t he physi cal
everngt her eaf

contrMnuously for 24 hours in the: respﬁgtlve at nospheres at room-

t enper at ur e,
obtai ned in

_discharing of the ink at

month afte
obt ai ned MAt
di schari ngs.

recording materials listed in

nont hs after

[err] and 40C, and 5 high’quality stable recording was -

any of the stnospheres. (T3) Discharge response: Intermtted
intervals of 2 second and di scharing of the.ink 2

ﬁéﬁ?@'é@n&"%f’ tﬂ&eﬂktgﬁéfé £ é&é‘bé@erlotﬂé‘féé’féﬁf ecordi ng was

any clogging at ortdice edge n any of the

(T4) (fapl miycmirémgrdedbi 19e: Diechapgisg 'whor ded on the
Table 1 had a high optical density and a good

di sti nct nesscaffiibedesutntontinueeskystor n24 hizoukssin ythmsréspactiven 1 % 6
t he exposure to roomlight. (T5) Fixi oﬁgqﬁerty on vari ous
recordi ng madtmespheresat HEP@e%%WESrﬁﬁ%ﬁ¢pr$ﬁ@lﬁ@g

materials in T t.he ts were_fubbed w fingers to 20, determ ne
the preseficehbd! |i%§%i§5e?€ ﬂ% ?f%

t%e 3ntor di ng

FeSPrERT W3R ohFAhe u’r‘érP&Yf‘f‘?a ng

property mastggtgﬁﬂgﬁbﬁg&ggy of the

(T3) Discharge response: Intermitted dis__charing .of

the ink at intérvals_qf 2 second and discharing of the

~ink 2.mpn£h,af§er standing were investigated. Stable

10

uniform_rgcording was obtained without any clogging at

the orifice_edge.in.any of the discharings.

(T4) Quality of recorded image:  The images recorded

on the recofding materials listed in Table 1 had a

_high optical density and a good distinctness. The percent

15

20

25

decrease in the density was less than 1 % 6 months after
the exposure to rdom.light, .

- {T5) Fixing property on various recording materials:
After 15 secpnds_ffpm printing on the recording materials
in.Table 1, the prints were rubbed with fingers to
detérmine the presence of image aberration, spread; etc.l_
Distinguished fixing property was. obtained on any of the
recording materials without image-aberration) spreading,
etc.

Examples 2 - 5

_kas'were prepared with the commercially available

dyes'given_in Table 2 in ghe same manner is in Example 1,

and Tl to TS5 of the inks were investigated in the same

N

P L,



Teco ding materials w thout inmage aberration, spreading, etc. Exanples 2 -5

25 I nks were prepared with the commercially avail able dyes given in
fTable 2 in the same nanner- is in Exanple 1, and Tl to T5 of the inks were
}ﬁvestigated in the sane. - 16 - 1 manner as in Exanple 1. Al the inks

had good results as in Exanple 1. Exanple 6 Wth the ink of Exanple 2 as
yellow ink, the ink 5 of Exanple 3 as Mageéenta ink, the ink.of Exanple 4 as
cyan ink, and the ink of Exanple 5 as black ink, full color photographs
were reprqduced in the sanme ink jet recpg ding apparatus as used in Exanpl es
2 to 5. The resulting inmages were very distinct in the individual colors
and 10 had a good col or reproduction. Canparative Exanple An aqueous 10%
sol ution of dye "Special Black 7984" - 17 - shown in Exanple 1 was
prepared, ald manhem aslimtExamsledried A1 tdhe AHRROBRES Gobldl @BsW LD
stirring to salt out. : - -
as in Example 1.
Example 6
With the ink of Example 2 as yellow ink, the ink
5 of Example 3 as Magenta ink, the ink of Example 4 as cyan
ink, and the ink of Example 5 as black ink, full color
photographs were reproduced in the same ink jet recording
U/ _ apparatus as used in Examples 2 to 5. The reéulting
- images were very distinct in the individual colors and

19 had a good color reproduction.

Canparative Example

An aqueous 10% solution of dye "Special Black 7984"



the dye. Then, the precipitates were recovered by filtration, washed with
a solution of sodiumsulfate in 5 pure water, and dued. A predeterm ned
amount of the dried solid nmatters were wei ghed out to nake the dye oo
concentration of 3 %in the resulting ink, and dissolved in a3 : 1 nixturejrﬁn
of ethylene glycol and N-methyl-2- pyrolidone. Then, the soluti-oh was -
“filtered under 10 pressure throughld Feflon filter having an average pore
size of 1 um and 60 % of water was added to 40 % of the filtrate with
stirring to nake a sanple ink. The iron content of the ink was determ ned
by an atom c absorption spectroneter and found to be 6.1 ppm 15 The

si i con! cofhewe ipsExarrlei heviasPEPPRFEdct A0E| §odium| sulErte MWaRni ssi on

spectronete& apnd, found to be 4.5 ggl Tl to T4 of the ink were determ ned
'n the sanf9EAnte tRe | adusansi Sohtion with FEERELRG; FR ALY PHaL ters was
b d h t [ | often failed t
b0 i sonar ha BPeT PRAER, |t PreoiilUEes Yerd Sécobafel Myl 0" °0 O
i ncrease t el ¥PALHER) - wadBIREd WM €19 Na Odo i DL ONCEFRLoALRH SULEREE 1Y @

m croscope reveal ed deposition of brown precipitates. In T3, the orifice
was cl oygepusétwditér) ngnd ehie@S SA apredeténnined amocilt afdchdie i nk

di schargi ng was found unstable. Ink of the same dye obtained in the sane
manner as 4riedosplid matters dvexe oweighed cutintio make the dye
. concentration of 3 % in the resultinqlink, and dissolved
in a 3 : 1 mixture of ethylene glycpl'and:N;hethyl-zé"
pyrolidone. Then, theé solution was filtered under -

10 pressure through a Teflon filter having an average pore
size of 1 ym, and 60 % of water was added to 40 %.of the
filtrate with stirring to make a sample ink. i | |

The iron content of the ink was determined.by an .
atomic absorptionlspeétrometer and found to be 6.1 ppm.

15 The silicon content was determined by an inductively
coubled plasma emission spectrometer and found to be
4.5 ppm. Tl to T4 of the ink were determined in the
same manner as in Example 1. Precipiﬁation of insoluble
matfers was observed one month after the ink storage.

90 In T2, the ink often failed to be discharged, and
the driving voltage was forced to be changed (to increase
the voltage). Observation of the thefmal head surface
by a microscbpe revealed deposition of brown precipitates.

.In f3, the orifice was clogged after being left

25 standing for one month, and the ink discharging.was

found unstable. Ink of the same dye obtained in the

same manner as in Example 1, excluding only the standing



‘treat nent,
_ le 1 excluding only the cation exchange resin treatment were subjected
Jto déterm nation of total content of iron and silicon in the individual

Exa
&Bﬁks,

and 5

and ink of the sanme dye obtained in the same nmanner as in

it was found that the total content of the fornmer was 9.4 ppm

and that of the latter was 9.9 ppm Il j§o.T5 of these inks were |ikew se

I nvesti gat ed.

Poor results were obtained, as.conpared with those of

Exanple 1 with full treatnments. 10 Tabl e 1 Recording

mat er

i al

Cl assification Manuf acturer (Trade Nanme) G nkan

Hi gh qualin ny okusa p TN

paper Fbkuetgﬁgggpg o gﬂg ?gﬁ Egkggétgﬁhé:digd?ﬂﬁlquallﬁif qﬂﬁk%nshu
Sei shi K K. paR@hekO¥e fnl ERbmpha- $i éﬂdlﬁ’aﬂ&g only tﬂ@y&&dﬂ e.fxd?faa@r K. K.
No.4 Table 2 Content of Iron :

& silicon in mls;&ﬂtreaﬁmnchéeé ¥ﬁbﬁeutéd(wd@eﬁarﬁnﬁlitod<wlwta1 2 ppm

Paper
Kogyo K K.)
3B (made by
3.1 ppm 4

K. K. )
\/ 10
15

N
20
25

-(Fe: 3.5 ppm 3 Chuganol Fast Red
content of. rppragiugiliceseinthe)individual inks, and (Fe:
Kayarus Tur qoi se Blue G (nmade by 8.4 ppm Ni hon Kayaku
it was found that theppafa content of the former was
9.4 ppm, and that of the latter was 9.9 ppm. Tl to TS5
of these inks were likewise investigated. Poor results
were obtained, as compared with those of Example 1 with

full treatments.

Table X
Recording . i
material Classification Manufacturer
(Trade Name)
Ginkan High quality paper Sanyo-Kokusaku Pulp K.K.

. Seven-Star High guality paper Hokuetsu Seishi K.K.

Hakubotan = Medium gquality . Honshu Seishi K.K.
_ paper
Toyo Filte : . -
PzpérINb.i No-sized Paper Toyo Filter Paper K.K.
Table 2 '
' ' Content of iron
Ex.No . Dye & silicon in ink
' ¢
2 Water Yellow 6 (made by Orient Kagaku 7.2 ppm
Kogyo K.K.) (Fe: 3.5 ppm)
3 Chuganol 'Fast Red 3B (made by 6.8 ppm
: ~ Chugai Kasei K.K. ) _ (Fe: 3.1 ppm)
4 'Kayarus Turqoise Blue GL (made by 8.4 ppm
Nihon Kayaku K.K.) - (Fe: 4.0 ppm)
5 : Supranol Fast Black VLG (made by 7.9 ppm

Bayer Co. ) (Fe: 3.8 ppm)
("Supranol” is a  Trade Mark) B



[

Yoo
5., Swupranol Fast Bl ack VLG (nmade by 7.9 ppm 25 Bayer Co.) -
(F&: 3.8 ppm ("Supranol” is a Trade Mark) 19- Exanple 7 1. _
Purification of amines as a starting nmaterial: 173 g of sulfanilic acid was _
added into 1.7 L of distilled water, and heated to [err] to nmake a 5 }f;b
solution. Then the solution was .filtd9ee& at that tenperature. :The
filtrate was left stand to cool to roomtenperature and the resulting
precipitate was collected by filtration and washed with 0.3 [err] of
distilled watggadereolgpgin 152 g of purified sulfanilic acid (in ternms of
the 10 pure conpound). 233 g of 1-am nonaphthal ene-7-sul fonic acid was
added to 2.2 ferrjusifibstiidn of saditles ard at btarelingi matertaleeated in the
same manner as descri bed-above to obtain 200 g-of purified.cake (in terns
of a pure product)l73y of sulFehidigf acid was added into 1.7 L
1- hydroxy- 7- ani nonapht hal ene- 3, 6-di sul foni ¢ acid was-added to-3.2 [err] of
distilled watef distikled s@tan.oandadeates &9 BR°ChéosmAken@inner as
descri bed above to, obtai.n 255:.9 of puyrified cake (in. terng, of a pure
product). 20 sé?lu%’sﬁﬂ‘hesﬂi' rbftl‘%yesba_luquon was %Jﬁ.tgred _. a;ngth:

temperature. The filtrate was left stand to cool to room

"tempe:aturé'aﬁd'thé'reéhltihg preciﬁiéate:was:collected
by filtration and washed with 0.3 £ of distilled water to
obtain 152 g of purified sulfanilic acid (in terms df the

10 bure compound).

233 g of 1-aminonaphthaiéné-7-sulfonic acid was added ~
to 2.2 2 of distilled water, and-the“solutiohgwas't;eated
in7the.same manner as described above to obtain 200“9 of

'purified cake (in terms of a pure product).

15 319 g of l-hydroxy-7-aminonaphthalene-3,6-disulfonic
acid was added to 3.2 £ of distilled water, and the
éolution was treated in the same manner as aescfibéé'above
to obtain 255 g of purified cake (in térms 6f a pure
product); | |

20 u
2. Synthesis Qf”dyész
(1) Preparation of first diazo solution: |

' 17.3 g of the aforementioned puiified sulfanilic acid
_éna-25:m1 of 35'%-hYdfthloric aéid weréfaddéa to 340 ml
of distilled water, and agitated for 3 hout#;tplobtéin a

' hdmogéheous slurry. Thereto 250 g of ice prepared from

distilled water was added and cooled to 3°C. To the slurry,



u(1) Preparation of first diazo solution: 17.3 g of the aforenentioned
purlfled sulfanilic acid and 25 ml of 35 % hydrochloric acid were added to

{340 m 25 of distilled water, and agitated for 3 hours to obtain a
onogeneous slurry. Thereto 250 g of ice prepared fromdistilled water was
added* and cooled to [err]. To the slurry, - 20 - 1 an aqueous solution
of 7.3 g of sodiumnitrite in 73 m _of,fistilled water was added. The
solution was stirred at [err] for one hour to be diazotized, followed by
addition of 2°g of sulfamic acid to deconpose the 5 remaining sodi um
nitrite, thus giving first diazo solution. (2) First coupling: 22.3 g of
t he above-herdn caxprequs idaladt ibramfn &-. I ap leifh slodiem/ nitirfitel dnagi3dmlasefadded
to 670 mM of 10 distilled water, and stirred for 2 hours to give a
homogeneous 3iftilletharater m&dﬂ@d& 3(@hey selutdeny wagasedrredm di stil | ed

wat er, the f#t%% %zo sol u&’l?glr}s%%rs bed ab ve an%gigogﬁdp 25 % sodi um
hydrOX|de a t t 2 - 3 for 15
15 hours 1o Cagd il o@‘bogldg% s%al(;‘.tagng%d Ji%e 2%%&:.@%5&0%3”‘ chloride

(Japanese pharnacopoela gr was a sal't out € nonoazo conpound,

whi ch was &0l deid iy dddiundinitEited m&e@w:.h@ ﬂ@s@ d%zéo % sol ution

of.
solution.

(2) First coupling:
22.3 g of the above-mentioned purified l-amino-
naphthalene-7-sulfonic acid was added to 670 ml of
N\ 10 distilled water, and stirred for 2 hours to give a
homogeneous slurry. Thereto added were 300 g of ice
prepared from distilled water, the first diazo solution
described above and 20 ml of 25 % sodium hydroxide, and
the mixture was stirred at 0 - 3°C and at pH 2 - 3 for
15l 15 hours to carry out coupling reaction. Then 200 g of
1 sodiuﬁ chloride (Japanese pharmacopoeié grade) was added
- to salt out the monoazo compound, which was collected by
filtration and washed with 500 ml of 10 % solution of
sodium chloride (Japaﬁese pharmacopoeia grade), and
20 dried to give 35.6 g of monoazo compound shown below.
Hereinafter "water" means distilled water,
"jce" means ice prepared from distilled water, and
"sodium chloride” means the one of the Japanese pharma-.
copoeia grade. |
25 - (3) Preparation of second diazo solution: _
The entire monoazo compound obtained accordlng to

item (2) above was added to 800 ml of 5 % hydrochloric



v

sodi um chl ori de (Japanese pharnacopoei a grade), and 20 dried to give 35.6
g pf ‘'nmonoazo conpound shown bel ow. Hereinafter "water" neans distilled
water, "ice" nmeans ice prepared fromdistilled water, and "sodiumchloride" -y
means the one of the Japanese pharnma-. copoeia grade. 25 (3) Preparation of ;%
secofid di azo sol ution: The entire nonoazo conpound obt ai ned according to )
item (2) above was added to 800 ml ef2b % hydrochloric - 21 - acid and
stirred for 5 hours to give a honbgeneous slurry, 800 g of ice was added
thereto and cooled to [err]. To this slurry, a solution of 7.3 g of sodium
nitrite in 73 m_ of water was added. Subsequently, it was diazotjzed with 5
stirring dt PeiA] apdr stArredr §oand hoprar tQuFi v @ BEPAIGRSCURRINYEY .

deconpose t he .r.enai ni sodi um,ni trite_tp obtain second digazo s i . (4
oo seupl BB T30, deopRp AnARE] therbEo 0gha Badfad o Cafer Sl Ungl (¥
3. 6-di sul foni i,d pr s.abev S€Q, s ol »tef. To this
sol ution, 1258u898f”chgi?ﬁgfgeggng’gigggfsgﬁﬁg?%gngggégﬁegﬁa@%&ﬁging to}

item (2) aboye gadeiOWaBl a@Bed? YstBfeyaehylypxitewas! aiasotived wiltled and

subj ected to coupling reaction at pH'8 - 10, 15 and at a tenperature 2 -
[err]. Abtestirringngtf 83fC5fbpuld hours and 2 g of sulfamic acid

was added to decompose the remaining sodium nitrite to.
obtain second aiazo solution. | |
(4) Second coupling: R

31.9 g of purified l-hydroxy-7-amino-naphthalene-

10 .3.6-disulfonic acid prepared aé;ébove ﬁas added to 900 &-)
ml of ya#er.; To.this ;olutign, 1200 g of ice, the
second diazo solution obtained according to.item_(Z)
above and 100 ml of 25 % sodium hydroxide solution were
added and subjécted to coupling: reaction at pH 8 - 10,

15 and at a temperature 2 - SPCf- After stirring for 5 hours
~at the same temperature and_pH,,4QQ_g of sodium chloride
was added to salt out a compound, which_was filtered and
washed with 300 ml of 10 $% agueous sodium chloride

solution, and dried to give 59.2 g of a disazo dye of the

20 formula below: | o/
o o o _ -
- SOgNa - SO;3Na
SO3Na .
25 : The contents of iron and silicon in the above disazo.

dye were determined as being 35 ppm and 27 ppm respectively.



“at the sane tenperature and pH, 400 g of sodiumchloride was added to salt
out (a conpoundl, which was filtered and washed with 300 mM of 10 % aqueous
Eéodiun1chloride solution, and dried to give 59.2 g of a disazo dye of the

-2@‘ fq{nula below. HO NH2 [err] [err] [err] [err] 25 The
contents of tron and silicon in the above disazo dye were determ ned as

being 35 ppm and 27 ppmrespectively._ 25-22- 1 3. Preparation of ink:
The desired quantity of disazo dye prepared according to item (2) above was
wei ghed out so as to give the dye concentration of 3 %in the ink, and

di ssolved ipn a_5 m xed solution_of ethylene glycol and N nethyl - 2-
pyrrol i done’ (nPxi nfreReratian @f 1dnkyng thereto 1.5 tines weight of water

e T con. s 15688 A5G Gl 01 UL, el d Sl Sl
[FE Tk bropar S5 R8P BNl 0¥ VOTBIBHE B A6 I shal ™ 0
- - concentration of 3 % in the ink, and dissolved in a
5 mixed solution of ethylene glycol and N-methyl-2-

pyrrolidone (mixing ratio: 3 to 1), and thereto 1.5 times
weight of water based on this solution was added to
obtain ink. The total content of iron and silicon was
1.96 ppm (1.15 ppm iron, and 0.81 ppm silicon). The

Y 10 test Tl to T5 were performed in the same manner as in
Example 1 by using the ink prepared ébové. The results

were all satisfactory as Example 1.

15

20

25




15,20 25 * C L M S *-23- CLAIMS: |. A nethod of printing using !
inka thermal ink jet printer an ink conprising a water-soluble dye and

having a 5 total concentration of iron and silicon at 9 ppm or Iess._'t
2. A nethod according to claim 1, wherei pAthe—concentTation of irOnf}f;

wherein 'the concentration of the water-soluble d |m‘:20 % by
wei ght. 15 4, A method according to any

wherein the ink conprises water as a 2@l vent. 5. nethod according to
claim4, wherein the water is deionized water. 20 6. A nethod according to
claim4 or 5, wh&LAIMSthe jnk al so conprises a water-sol ubl e organic
solvent. 7. A nethod according to claim 6 wherein the 25

wat er - sol ubl e organi ¢ sol'vent ‘i s pol yhydric al cohol.

. 1. ‘A method of printing using in a thermal ink jet

in-the ink is 4 ppmor less. 10 3. A met hod accordln ’"ﬂqlﬂ

printer an ink comprising a water-soluble dye and having a
5 total concentration of iron and silicon at 9 ppm or

less.

_2, A method according to ¢laim 1, wherein the
concentration of iron in the ink is 4 ppm or less.

10

3. A method according to claim 1, wherein the
concentration of the water-soluble dye is from O 1 to
- 20 % by weight.
15 -4, A method according to any preceding claim,
- wherein the ink comprises water as a solvent.
5. A method according to claim 4, wherein the water
is deionized water.
20 : o

6. A method according to claim 4 or 5, wherein the

ink also comprises a water-soluble organic solvent.

7. A method according to claim 6 wherein the

25 water-soluble organic solvent is polyvhydric alcohol.



%- 24 - 8. A nethod according to any preceding claim wherein the ink is
prepared froma water-sol uble dye having a total content of iron and

¥siliton of 250 ppmor less. 5 9. A nmet hod accordi ng te—&am-1,using. an

\;{,hk substant,i ally as described in any of the es. ”!""c’""”"!!”’ll””!l’ .

8. A method according to any preceding claim,

- 24 -

wherein the ink is prepared from a water-soluble dye

having a total éontent of iron and silicon of 250 ppm

or less.

9. A method according to Claim 1,'using~

an ink substantially as described in any of the

Examples.

o . | “



