2187469 1 -'1 Recording Liquid and Recordiing Met hod Usi hg the Sane 5

. BACKGROUND COF THE I NVENTI ON .Fi el d of the Invention The present invention .
relates to.a recording liquid (hereinafter referred to as )

recording on a recording nedium(e.g. a paper, a resin 10 §18)r1?4\é§eans of
ink jet recording or a witing tool (e.g. a fountain'pen, a felt pen),

wel | as to a recording nmethod using the recording | i qui d. Descrlptlon\of
the Invention Ink jet recording is a kectording nethod 15 wherein an iRrk is
ej ected by an appropriate ejecting nmechanismto formink droplets and a

part or 'all of the droplets are allowed to deposit on a recording nmedi um
such as a paper or the |ike to conduct recording. As the ink used in ink

jet recording, therBeREkRFGWhiapnid aﬂﬂdbﬁ?ﬁﬁrﬁééﬂ MekbogpPaingd by

di ssol ving or dis- persjng various-water-soluble dyes or pignents in water
or aliquid ﬁEdIUﬂﬁ%&hﬁé§ﬁiﬂg_ﬂi_Mﬁtpr and a water-soluble arganic sol vent.
Simlar inks may be used.-for witing tools 25 such as fountain pens, felt
pens, ball pens and the |ike.

5 BACKGROUND OF THE INVENTION

Field of the Invention

The present invention_relate§ to a recordiné
liquid (hereinafter referred to as an ink) for
recording on a recording medium (e.g. a paper, a resin (&
10 fiim) by means of ink jet recording or a writing tool
(e.g. a fountain pen, a felt pen), as well as to a
recording method using the recording liquid.

Description of the Invention

Ink jet recording is a recording method
15 wherein an ink is ejected by an appropriate ejecting
mechahism to form ink droplets and a part or all of
the droplets are aliowed to deposit on a recording
medium such as a paper or the like to conduct recording.
) As the ink used in ink jet recording, there are known
‘20 and being used inks obtained by dissolving or dis-
persing various water-soluble dyes or pigments in
water or a liquid medium consisting of water and a
water-soluble organic solvent.
Similar inks may'be used for writing tools
25 such as fountain pens, felt pens, ball pens and the
like. | |

As the recording medium on which recording is



*As the recording nmediumon which recording.is - -2- 1 nade with the above
I nks, there are being used paper, converted paper, surface-treated plastic

bfilns; etc. Such inks should have properties of water resistance, |ight
resi stance, storage stability (no precipitate formation during storage) and
the like. A nunber of water-soluble dyes for these inks are known. Two or

nmor € of water-soluble dyes are used in conbination when desired ink

progérties cannot be achieved with a single dye. 10 ' The use of at

| east two wat er-sol uble dyes in conbination gives desired properties to the

nk. HOWeuer pdde Rpfe MIARRENAKh 4 CHEN! | thd 8! atiBe £HG N alyl é‘é}éé used for

recordi ng on general office use paper such as a note orfing

paper, a copyidirehtdf$dper?, | Akt Picdapeiatdd phgst ikeri pRscoppared with
the case where an ink containing a single dye is used, the peripheral areas

of ink dots get bl urraagcnthikdesHRerd degre SLEDEB So £NGaEa¥ as a whol e.
The present inventor made extensive research 20 on the cause of the above

phenonmenon, amecsifshante hatighte resticstthote jrestsobage nelsabiirienr (s a whol e
when a plurality of dyes used in conbination exhibit
2 precipitate formation during storage) and the like.
A number of water—séluble dyes for these
inks are known. Two or more of water-soluble dyes
are used in combination when desired ink properties
cannot be achieved with a single dye.
10 .- The use of at least two water-soluble dyes in
combination gives desired properties to the ink.
However, it has happened frequently that when such an
ink is used for recording on general:office use paper
such as a notebook, a reporting paper, a copying
15 paper, a letter paper and the like, as compared with
the case where an ink containing a single dye is
used, the peripheral areas of ink.dots get blurréd'and
the recorded image becomes unclear as a whole.
- - The present inven;or'made extensive research
20 on the cause of the above phenomenon, and found that
the recorded image becomes uncléar as a whole when a
plurality of dyes used in combination exhibit
different tones ‘and moreover have the different
affinity for cellulose fiber of récording paper from
.25 each other. | | | R
That is, when a dye with higher affinity and

a dye with lower affiniiy-is used in combination,



di ff.erent tones and noreover have the different affinity for cellul ose

fi ber of recording paper from25 each other. That is, when a dye with

hi gher affinity and a dye with lower affinity is used in conbination,

-3- 1 they cause fine separation fromeach other on the cetlulose of the
paper and the different tones of individual dyes appear separately on the.
paper, nmaking the |nage uncl ear. 5 SUMVARY OF THE | NVENTI ON An obj ett Of vt
the present invention is to provide a gecording liquid whi ch has renedi éd
t he above nentioned drawbacks of the prior art and can give 10 a recorded
i mage of If i ng,&pl usddr exsesépatatheanr pesh Bachi sehak! yrorneapers whose
fibers are exposed at the surface (e.g. a reporting paper, a copying.
paper), as welllulose ref ot ngapetr haddushagdigifd reaeordines ifui d.

According to one aspect of the present 15 invention, there is provided a

m~

recording | iindiicthudidyey appear aseparatelgt on- sbkublapedyemalking act er -
I zed in that said water-soluble dyes give a tone satlsfylng the follomﬁng
formula (1) thed #mage aanclear.

5

SUMMARY OF THE INVENTION

An ob]ect of the present 1nventlon is to
‘provide a recording liquid which has remedied the
above mentioned drawbacks.of the prior -art and can give
10 a recorded image of fine color and excéllent7c1earness
particularly on papers whose fibers are exposed at the
surface (e,g._;lreporting paper, a copying paper), as
well as a recording method using said recording liquid.
According to one aspect of the present
15 invention,_there ;s_proyided a recording liguid
containing a'pIurality of water—solubie dyes, character-
ized in that said water-soluble dyes give a tone
satisfying the following formula (I) and have a
ch;omgtographic_characteristic satisfying the following

20 formula. (II):

0 s /(8a*)2 + (8b*)2 £ 10 (1)
0 S ARf S 0,2 e (I1)
In the formula (I), Aa* and Ab* represent .
respectiye;y a difference of a* or b* between any two
25 dyes selected from said plurality of dyes in
CIE-L*a*b*, and ARf represents a difference

of flow rate Rf in paper chromatography between



*chromat ographi ¢ characteristic satisfying the following 20 formula (11):
[err] In the formula (lI), [err] and [err] represent respectively a
’difference of a* or b* between any two 25 dyes selected fromsaid _
plurality of dyes i.n CIE-L*a*b*, and [err] represents a difference of flow
rate Rf in paper chromatography between the two dyes when the recording
liqyid contains only two dyes or between the dyes having the highest and
t he TTowest flow rat'es when the recording(}tquid contains three or nore
dyes. The term"ClE 1976 5 (L*a*b*)" is an abbreviation of CE

(Comm ssion International e de L' Eclairage) 1976 (L*a*b*) colour spac
According to anotﬂé‘? %‘%‘be‘&e%fw S %Pees‘g?f%mf tHgpid h gontaing soot‘laly
provided a recordin t hod enej ecqrdi i ct . de itihg
droplets 5 of adfrwe%o;%%% I%uibc#%qﬁ%eon g&}ée::%éaénlg% ut(ra?]‘de BKL --regé(}(?)réaﬂwng
|iquid contains gyl urplidde of ¢ MG eTratiédl URlerd!Y She t I RE VRt A 1Pl 40! €
dyes give a tone _ _ -
' contains three or more dyes. The term "CIE 1976
5 (L*a*b*)" is an abbreviation of CIE (Commission
Internatiqnale' de L'Eclairage) 1976 (L*a*b*) colour

space.



—

satisfying the following fornula (1) and have .a chronsat ographic
charatcteristic satisfying the 10 following fornula (Il1); and that the
recording material contains a cellulose fiber exposed at the surface of the
recording medium [err] 15 DETAILED DESCRI PTI ON OF THE PREFERRED

EVMBODI MENTS The present invention will be, described in:nore «detail. The . ink

of the present invention generally 20 conﬁglses at least two mater-solugLe
dyes, a liquid medium for dissolving or diSpersing these dyes and, as
necessary, appropriate additives. The water- soluble dyes are reqU|red to

have sim | ar tones and simlar chromatographic characteristics. 25

In the present ‘i nve e+}0 rpr the a* and b*
of the dye defined §$E§EdlBFEt% Q%o?&e% gﬁ%éé% éﬁiﬁﬁ?ﬁgf@%éﬂt In the

present i NVeRLERR]ohhetRBEEMREOHN 8BN beotAkdC e edda Mg améyBod S
represented by a fIOM/rate of - the dye nmeasured using the follow-ng paper

chronatogra@h&réiﬁcedubed1ﬁbelebpeﬁaueteahbypﬂaﬁﬁﬁlﬁin@vaﬁ&ppgtgan be
achi eved -by conbi ned. use of dyes
5 of a recording liquid onto a recordlng medlum the
recordlng lquld contalns a plurallty of water-
soluble'dyes;'that the,water—soiuble dyes give a tone

satisfying the following formula (I) and have a

chromatographic characteristic satisfying the

10 following formula (II)} and that the recording %j

_material contains a cellulose fiber exposed at the

surface of the recording medium.
0 5 /(BGaFIT ¥ (BB9)T 5 10 (1)
0 S ARE 5 0.2 (I
15
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
| The present-invention will be described in
more detail.

The ink of the present invention generaliy i,)

20 comprises at least two water-soluble dyes, a liquid
medium for dissolving or dispersing these dyes and,
as necessary, appropriate additives. The water-
soluble dyes are required to have similar tones and
similar chromatographic characteristics.

25 - ‘In ghe.present-invention, the tone of a dye_'
is represented by the a* and b* of the dye defihed by

the CIE 1976 (L*, a*, b*) space.



~which are simlar to each other in this flowrate. The flowrate of a
wat er - sol ubl e dye is measured as follows. A dye is dissolved in a

wat er/ di et hyl ene glycol 10 (55/45 by vol une) ni xed-solvent at a .
concentration of 5.%by weight to prepare a test solution. 2 [err] of this
test solution*iis charged to the |ower end of a piece of filter paper [Toyo
Fil £&r Paper No.. 50 (trade nane), manufactured by Toyo Roshi K K ]. Then,
15 vel opnent is effected for a predetgpm ned | ength of time according to
an-ordi nary nethod by using the above mixed solvent as a devel oper.

Th ftery the devel t dist . A of the devel f t he. ch

poi i as vl | as. e T I SHEE: 60yt oy cH6 SRTomERE et G po. i
. d. Cheir. rati A (= : | s R is defined
as the 11 ow (AHFAFAG bl dye da Heptdeital e bl rtfe ™ ™
chr omat ograprgf&{@r@s;é dadhies Qs 138 | WS f@i%ﬁﬁﬁ é\#&bl e dyes on the

basis of the flow rat’e defi ned above,” and found en‘two or nore

vat er - sol ubl exivsifativatdpthy? phddei@ee Ofhd | O et co Of t106 Gt &setban 02
are used in conbination to prepare an ink and recording is nade with the
i nk on a reecaqnfiertivy &fdmmlbe achieved by combined use of dyes
which are similar to each other in this flow rate..
| The flow rate of a water-soluble dye is
measured as follows.
\/, _ _ A dye is dissolved in a water/diethylene glycol
10 (55/45 by volume) mixed solvent at a concentration of
5 % by weight to prepare a test solution. 2 uf of’
this test solution is charged to the lower end of a
piece of filter paper [Toyo Filter Paper No. 50
| (trade name), manufactured by Toyo Roshi K.K.]. Then,
15 development is effected for a predetermined length of
time according to an ordinary method by using the above
mixed solvent as a developer.?-Thereafter, the
development distance A of the developer from the
charge point as well as the flow distance B of the dye
20 from the charge point is measured, and their ratio
B/A (= Rf) is calculatéd. This Rf is.defined as the
flow rate of the dye. | |
| The present'inventor investigatéd_the
chromatographic;characterigtics of various water-
25 soluble-&yes on the basis of the flow rate_defined'

above, and found that when two or more water-soluble

dyes having a difference of flow rate of greater than



of paper type, the inage obtained .is always blurred at‘ the peripheries and
accordingly unclear.- The afore -nentioned difference -of flowrates refers
to the one betmeen the two dyes-used or the ones between the highest and
the lowest 'flow rates anong three of nore dyes used in conbination. The
study- by the present inventor on various 10 conbinations of :a nunber of

dyes reveal ed that- a cl ear inmage having aglesired tone can be fornmed omgy
when the dyes having simlar tones and sinflar chromatographic
characteristics, i.e., the dyes satisfying both of the fornulas (1) and

(1) Shomnl15%‘%2%%ed$%§?uf§|y e g&@&aﬁt£8“p gggblgaah dyes which

are simlar on one or In C on'atograp IC C aracter-

Isticis i'ncap é{é@aﬁi 0} ¥idad Jiithy ha! i akaphobY re@e#8ingOmaterial A

plurality  of water-so e dyes used 1 n conbination.in thé present

invention mayg & H5r Weyss ; éHEUthggyestasﬁédl&scanwagblau@&rbak%t The
exanpl es are acid dyes such as C cid Bl ack (a 0, b*=2.0

Rf =0.93) 25 the(bérfﬁhékféﬁckna6acc6rd2n§1y uncléal. 0.90) C.l.Acid
Black 52:1 ( 4.2 ' 0.97) C. 1.Acid Black 107 ( 0.6 3.4
0. 85)- 5 _ The.afore-mentloned difference of flow rates

refers to the one between the two dyes used or the

ones between. the highest and the lowest flow rates

among three of more dyes used in combination.

‘The study by the present inventor on various W/

10 combinations of a number of dyes revealed that a
cleai_image having a desired tone can be formed only
when'the_dyes,having_similar.tones and similar-
chromatographic characteristics} i.e., the dyes -
'satisfying both of the formulas (I) and (II)’shown

15 above are used in combinati¢n..

A combination of dyes-which are similar to
each other ohly in tone or i; chromatographic character-
istic is incapable of giving a fully satisfactory
image.

20 A plurality of water-soluble dyes used in
combination in the ptesent invention may be any,wafef-
soluble dyes used in conventional inks. The exémpfes _
are acid dyes such as | |

C.I.Acid Black 24  (a*=2.0, b*=2.0, Rf=0.93)

25 C.I.Acid Black 26 - ( 2.3 4.8 0.90)

C.I.Acid Black 52:1 ( 4.2 4.7 - 0.97)

~ C.I.Acid Black 107 ( 0.6 ~ 3.4  0.85)



*C:1.Acid Black 110 .(a%=4.4, b*=11.9, Rf=0..86) 139 ( 4.1 5.3

0,90) C I.Acid Yellow 23 ( -4.72 42.7 0.90) 29 ( 2.0
42,4 0.82) 5 - - 38 ( 3.7 43. 4 0.85) 65
(0.4 ©49.2 . 0.85) C/.Acid Red .27 ( 31.0 5.0 _
0.91) 35 ( 51.4° . 8.0 0.95) 42 40.-1 - 7.6 0.93) 10
;106‘kf 43.9. 5.2 0.99) * 22 ( 53.3. 8.7 0. 98)
7131 ~{ 37.8 19. 8 0.96) 145 ( 39 21.0 0.92) 161 ( -
.40. 7 3.7 - 0.86) 15 " 276 ( 51.8 9.5
0.74) " 128 ( 3% .H.Acid Bidrk 110 0. GBY=4 2ng B<£EL]9 ﬂyﬁ&@w@) as
C.I.Direct Black 19 (a*=0.6, b*=-0.8, Rf=0.77) 154 ( 0.7 1. 1
0.72) 20 C.l.Direct yellow 139 16,2 4.1 31.8.3 0.879086 ( -
59. 7 0.82) 142 ( -10.4 57.4 ~ 0.76) C.I.Direct Blue 86 ( -17 8
-28.5 0. 88). RAcid Yellow 23 ( -4.2099 ( 425794 032007 0. 84)
The dyes for conblnatlon S selected fromthe .
.29 (2.0 . 42.4 0.82)
5 L 38 ( 3.7 43.4 - 0.85)
" . 65 ( 0.4 49.2 © . 0.85)
C.I.Acid Red 27 ( 31.0 - 5.0 - 0.91)
" 35 (. 51.4. 8.0 - 0.95)
.. . 42 ( 40.1. 7.6 0.93) .
N\ . '
10 " 106 ( 43.9 . 5.2 . 0.99)
o 122 ( 53.3 8.7  0.98)
o 131 ( 37.8 19.8 . 0.96)
. 145 ( 39.2 - 21.0.  0.92)
. 161 ( 40.7 - 3.7  0.86)
15 S 276 ( 51.8 9.5 0.74)
" 128 ( 33.8 1.6 . 0.68),

and direct dyes such as

C.I.Direct Black 19 (a*=0.6, b*=-0.8, Rf=0.77)

N L 154 (0.7 1.1 0.72)
20 C.I. _Dire_ct. yellow |
" S 12 ( 15.2 31.8 . 0.87)
" .. 86 (-4.6 - 59.7  0.82)
" 142 ( -10.4  57.4 - 0.76)
C.I.Direct Blue 86 ( -17.8 - -28.5 . 0.86)
25 o 199 ( -15.94 -32.97 0.84)

The dyes for combination is selected from the

above dyes and mixed such that the tones _and '



-above dyes and m xed such that .the tones and ., chronatographic
characteristics of the conbined dyes satisfy the Formula (1) and (I1). The
wat er - sol ubl e dyes used in.the present invention are not limted to those
.enuner at ed above, but any-dyes nmay be used-as 5 long. as their color tones
and the chromat ographi ¢ characteristics are close to each other. These
wat er - sol- ubl e dyes are used in the pres invention in'a total ,anount of
ordinarily about 0.5 to 30 % by wei ght, re preferably about 1 10 to 10 %
by wei ght based on the ink. The solvent used in the ink of the present '

i nvention i SciBbRAtOGrapHi &CEnaLhyeali SRIBE SENEnWRPhLARL S dilser - SOl ubl e

organi c solvent. A nixed solvent is particularly preferred-whi'ch contai ns,

as the 15 wedeisspl théerorfanac ($p! ¥aat (12)Rol yhrdijatez-gehebief f ective
for retarding the 1nk drying. As water, deionized water.is preferred to

ordi nary watdyesousedningtharppasehtninvAatiba wibehosolublited gani C
solvent used 20 together with water, there may be nentioned, for exanple,
al kyl al cohothosé énumenatedbahoveenbutushyadyest gy becaolsed ast hyl
al cohol, n-propyl al cohol, isopropyl alcohol, n-butyl al cohol, sec-butyl
al cohol, ® 1long as their color tones and the chromatographic
characteristics are close to each other.
These water-soluble dyes are used in the
present. invention in a total amount of ordiﬁarily
about O.S to 30 $ by weight, more preferably about 1 W,
10 to 10 % by weight based on the ink. | -
.The solvent used in the ink of the present
invention is water or a mixed solvenf comprising water
and'a water-soluble organic solvent. A mixed solvent
is particularly.preferredVWhich-éontains, as the |
15 water-soluble organic solvent,'a'polyhydric alcohol
effective for retarding the ink drying.
As water, deionized water is preferred to
ordinary water containing various ions;
As the water-soluble Orgéﬁic solvent used
20 together with water, there may be mentioned, for
example, alkyl alcdohols of 1 to 4 carbon atoms such
as methyl alcohol, ethyl alcohol, n-propyl éicohol,
iéopropyl alcohol, n-butylfaLcohOI; sec-butyl alcohol,
tert-butyi alcohol, iéobutyl alcohol and fhé:liké;
25 amides such as dimethyiforﬁémidé, dimethyla¢e€aﬁide
and. the like; ketones.dr ketoalcohols such as acetone, -

diacetone alcohol and the like; ethers shch]as



tert-butyl alcohol, isobutyl alcohol and the like; 25 am des such as

di methy formam de, dimethylacetam de and the |ike; ketones or ketoal cohols
such as acetone, diacetone al cohol and the |iké: ethers such as 1

Y et rahydrofuran, dioxane and the |ike; polyal kyl ene glycols such as a

pol yet hyl ene gkycal, a polypropyl ene glycol and the 1ike; al kylene glycols
havipg- 2 to 6 carbon atons such as ethyl ene glycol, propylene 5 glycol,

but yl\-e'ne gl ycol', triethylene glycol, 1, 2{ g) hexanetriol, thiodiglycol,
hexyl ene gl ycol, diethylene glycol and the like; |ower alkyl ethers of

| yhydri | ¢cqhol I i_ne, | gl | t hyl t hyl
B ner di ot ny CRTE IR R Hicsanel A dhal Bevauky | °;g?yc¥| )
t hyl 1.yl L | ke; t hyl - 2- ' ; 1, 3-
i ot myl 2. 1 AT eGP e 22 EE YA et YRR, 6, PRy R o &

(e.9. diethyl gngcahyank) tfad1iRuer Aahkklere! %&?&T&yﬁQ\réﬁ e;z;-%oalﬁc ohol s

[e.g. 15 triethylene glycol nononethyl. (or are preferred.
The content otakbenatemss @udhl @s0ethylens0lgiqRicli,n grldpy1dhel S ordinarily 0

to 95 % by _weight, preferably 10 to 80 % by "wei ght, noré preferably 20 20
to 50 % by°weigdcolaspdtylenke glgicall Weirgethgllende glycol, 1,2,6-
hexanetriol, thiodiglycol, hexylene glycol, diethylene
glycol and the like; lower alkyl ethefs of'pothydrié
alcohols such as glycerine, ethylene glycol'methyl (or
W ethyl) ether, diethylene glycol methyl (oxr ethyl)
10 ether, triethylene glycol monomethyl (or monoethyl)
ether and the like; N-methyl-2-pyrrolidone; 1,3-
dimethyl-Z-imidazolidinone; and so forth. Of these,’
polyhydric alcohols (e.g. diethylene glycol) and
lower alkyl ethers of polyhydric alcohols [e.é.
15 triethylene glycol monomethyl (or monoethyl) ether]
are preferred. o
- The content of the water-soluble drganic
solvent in the ink is ordinarily 0 to 95 $ by weight,
preferably 10 to 80 % by weight, more preferably 20
20 to 50 % by weight based on the total weight of the
ink.- .

The content of water in the inkimay varj
widely depending-upon the type and composition of the
water-soluble.organic solvent, and the properties'of;

25 the ink. ‘It is ordinarily 10 td 90 % by weight,’
preferably 10 to 70 % by weight; more p;eferabiy'

20 to 70 % by weight based on the total weight of the’



- ink. The content of water in the ink may vary. wi del y dependi ng upon the.
type and conposition of the. water-soluble organic solvent, and the
properties of 25 the.ink. It is ordinarily 10 to 90 @6by wei ght ,
preferably 10 to 70 % by weight, nore. preferably 20 to 70.% by wei ght based
on the total weight of the i nk. The ink of the present I avention is
basically constituted as descri bed abovgé( The ink 'may further contain, hgs
necessary, conventionally known additiv 5 such as a diSpersant, a
surfactant, a viscosity- controlling agent, a surface tension-controlling
agent and the | i ke. These additives include, for,exanple,_

Vi scosity- cdHF?olllng agents such as a polyvinyl 10. al cohol, a cellul ose,

a wat er-sol ubl e re5|fhéﬂghﬁrgfltﬁg ?§€%£3EI§HQ§ ngﬁa%gogh ?Ei%nlc or

noni oni ¢ type; surface tensionh-cont I Ng agen S SucC am ne,

triethanol E!;‘Br{kﬁ:f’lﬂﬁ:éci‘eaé '&@scP&'ﬁé&raﬁ&é’t : Oi‘ﬁeainﬁalg;a'%cfﬁi-{:%k' ng agent;

- ‘and antisepti cs. aresistivity- sting agent such as
li'thi um chl @dwﬁlmwlaé&@&ﬁyﬂecoﬁedmﬂbﬁmw ﬂﬁoﬁﬂda&a!ﬂe&véﬁor gani c

salts may be added to:

5 such as a dlspersant, a surfactant, a viscosity-
_controlllng_agent,,agsurface tension-controlling
agent’ and the like.. |

‘These additives include, for example,
viscosityfcontro;ling_agents-such_as a polyvinyl W/

10 alcohol,”é cellulose, a water-soluble resin and the. .
like; surfactaqts of cationic, anionic or nonionic
type; surface tension-controlling agents such as
diethanol amine, triethanol amine and-tbe.like; buffer
solutions as a pH-controlling agent; and antiseptics.

15 . Further, a resistivity-adjusting agent such’
as lithium chloride, ammonium chloride, sodium
chloride and other inorganic salts méy-be'adaed to
an ink formulation which is electrified in the ink jet

:prinfing process. ,When_the ink of the pfesent

20 invention is used in such ink jet recording as the
ink is ejected by the action of thermal energy, the -

" ink may,be cdntrolléd in thermal propefties.ié.g.
specific heat, thermal expanszon coefflclent, thermal
conduct1v1ty).; | |

2% . The drawpé¢ks'of the p:ior_art%afe;éufficiently

l remedied in the ink of the present invention as

describes above. Therefore, when the present ink is



#an ink formulation which is electrified inthe-ink jet printing process.
Wen the ink of the pr esent 20 I nvention is used in such ink jet recording
-as the ink is ejected by the action of thermal- energy, the ink ma y.be
dcontrolled in thernmal properties (e.g. specific heat, thermal expansion
coefficient, thermal conductivity). 25 ~ The drawbacks of the prior
Lart are suff|c1ently remedied in the in f the present invention as
descr bes above. Therefore, when the pr nt ink is used for recording
on various recording materials, for exanple, those of paper type whose

cel I'ul oseli SuEKA0E8E FechRR i bACGaribyP e dHa Y ratleriBAW didegy OF an

ordinary witing tool, a mxed tone o nore wat er’- sol ubl e dyes

contai ned i neklmphek Qﬁ&s@eoﬁfePﬁgéltCQ(}pén#H&é Q.@qudur&mserl al's in such
an extent that tﬁé reproduced one has no practical problem Hence, a

clear, high espobsedat athithe gualfake,i ByJmedinseXofelimntjdt Feicoraingt ance and
wat er 10 resistance can be obtai:ned not only in ordinary recording using a
bl ack i nk of orhanpoedenarynweitiog koblsl so mixeldulHoneolodr thecdmwei ng using a
plurality.of color inks of the present invention. In preparation of
convent i oal oFnfereawasst-6eluble dyes contained in the ink can -
be reproduced on the recording materials in such an
extent that the reproduced tone has no praéticai'
problem. Hence, a clear, high contrast, high quality’
image.of.excellent light resistance and water
10 resistance can be obtained not only in ordinafy
recording using a black ink of the present invention
but also in full color recording using a plurality of
color inks of the present inveﬁtion. |
In preparation of conventional inks, attention
15  has been paid only to color mixing between the water-
soluble dyes to be jointly used in the inks. As a
result, a desired color tone of ink has been achieved
but it has been difficult to reproduce'it on recording
~— materials, particularly those whose cellulose are
20 exposed at the surface. In contrast, in preparation
of the present ink, in addition to the color mixing
betiwween the dyes to be jointly used in the-ink, a new
criterion of chromatographic characteristics of'thesé
- dyes has been employéd;- This has sufficiéntly removed
25 the drawbacks.of_the_érior art. . |
- The present-invention'will_be'deécribed more

specifically below_by:way of Examples, Comparative



- 15 has, been paid only to col or .m xi ng between the water- soluble dyes to be
jointly used in the inks. As a-result, a desired color toné of ink has been
achi eved but it has been"difficult to reproduce it on recording materials,
particularly those whose. cellul ose are :20 exposed at the surface. In
contrast, in preparation of the present ink, in addition to the*color
m Xxi ng between the dyes to be jointly u in the ink, a new criterdion
chromat ogr aphi ¢ characteristics of the yes has been enployed. This has
sufficiently renoved 25 the drawbacks of the prior art. The present
i nventi on V"'Ekbm?Qe_@e%‘?ﬂ b IR ShE Ghidifgl .Y 8A OV Ry vy 9T e anpl es,
Conmparative =~ 13 Exanples and Application Exanple. Parts or %in the
follow ng i $oklowdnghti shaml weigdrs baiermEess eehdivgise5 Exanples 1 to 5
and Conparative Exanples 1 to 2 : The conponents of the follow ng
conposi ti onspecdfdedr.red to di ssolve the water-soluble dyes. The resulting
solution was filtered to renpve the insolubles, whereby five inks of the
present invention.10 and two inks of Conparative -Exanpl es were prepared.
The val ues in parentheses given to each dye

5 Examples 1 to 5 and Comparative Examples 1 to 2 :

The components of the following composition
were stirred to dissolve the watér-solﬁble dyes. The
resulting solutioﬁ'was filtered to remove the
insolubles, whereby five inks.of the present invention (/

10 and two inks of Comparative Examples were"preéared.

The values in parentheses given to each dye

refer to the tone and flow rate of the dye. -

Example 1
15 'C,I.Acid Black 107 - o 2.5 parts

(a*=0.6, b*=3.4, Rf=0.85)

. C.I.Acid Black 24 o : '~ 2.5 parts
(a*=2.0, b*=2.0, Rf=0.93)
Diethylene glycol : - 30 parts
20 Dgiohized water _ ' GS'parts_
EXamglé 2
C.I.Agid;YelloQ 29 SR - 2.5 parts

 (a*=2.0, b*=42.4, RE=0.82)
- C.I.Acid Yellow 38 . ... . 2.5 parts

(a*=3.7, b*=43,4f Rf=0.85)

Diethylene-glycol ' }- : 30 parts



srefer to t he tone and flow rate of ‘the dye.. Exanpl €

Bl ack 107 2.5 parts (a*=0.6, b*=3.
_Black 24 2.5 parts (a*=2.0, b*=2.0,
gl ycol 30 parts 20 - Dei oni zed
65 parts Exanple 2 ‘C.1.Acid Yell ow 29

42’4 Rf =0. 82) 25 C.l.Acid Yell

'7, b*=43.4, Rf=0.85) Diethylene gl
Dei oni-zed wat er

. (a*_
1

‘C.l.Acid &ed 161 Deionized water

Di et hyl ene gl ycol
65 parts 10 Exanple 4

Examgle 3
C.I.Acid Red 106

parts 5 (a*=43.

(4]}

(a*=43.9, b*=5.2, Rf=0.99)
C.I.Acid Red 161 |
(a*=42.7, b*=3.7, RE=0.86)
Diethylene glycol

Deionized water

10

Example 4
C.I.Acid Red 145
(a*=39.2, b*=21.0, Rf=0.92)
'C.I.Acid Red 131
15 ‘(a*=37.8, b*=19.8, Rf=0.96)
Diethylene glycol

Deionized water

Examgle 5

20 C.I.Acid Black 26

(a*=2.3, b*=4.8, Rf=0.90)
C.I.Acid Black 52:1
(a*=4.2, b*=4.7, RE=0.97)
C.I.Acid Black 139 |

25 (a*=4.1, b*=5.3, REf=0.90) *
-Diethylene glycol

Deionized water

9, b*

2.5 parts
2.5'parts

30 parts

65 parts

2.5 parts

2.5 parts

30 parts
65 parts
2.0 parts
1.5 parts
1.5 parts

30 parts

65”§arts

0O parts
65 parts Exanple 3 C.|. Aci

- =5.2, Rf=0.99)

2.5 parts (a*=4857Pa5ts3 7, Rf=0. 86)
30 parts Deionized water



(4}

10

15

. 20

25

Red 145

(a*=2.0, b*=2.0, Rf=0,93)

" Cc.I.Acid Black 110 2.5 parts
(a*=4.4, b*=11.9, Rf=0.86) |
Diethylene glycol ._. _ 30 parts

Deionized water ' ' _ 65 parts

Comparative Example 2

C.I.Acid Black 24 . . 2.5 parts
(a*=2.0, b*=2.0, Rf=0.93)
C.I.Acid Black 26 . _2;5 parts
(a*=0.7, b*=1.1, Rf=0.72).
Dietﬁylene glycol 30 parts.

Deionized water _ _ 65 parts

.Using the above preparea inks:cf Examples
and Cemparative Examples, recording was-conducted on
the following various recording materials by means,of
a recordlng apparatus of on-demand type recording head
(PJ-1210, manufactured by CANON K.K.) wherein inks
were - to be dlscharged by a plezo vibrator. With the
1nks of the present 1nventlon, there was no separatlon
of water-soluble dyes from each other on the recordlng

materlals,'lnk tones could be reproduced, and clear

1mages of excelent color could be obtalned._ Meanwhile, .

with the inks of Comparatlve Examples, ink tones could

2.5 parts (a*=39.2, - b*=21.0, Rf=0.92)

30

‘C.1.Acid . .
C.l.Acid Red 131 . . ..2.5 parts 15 (a*=37.8, b*=19. 8,
Rf =0. 96) Di et hyl ene gl ycol : 30 parts Deionized water
65 parts Exanple 520 . : C.[.Acid.BIackgé§ - 2.0 parts
(a*=2.3, b*=4.8, Rf=0.90) C.I.Acid Black 521 . . . 1.5 parts
(a*=4.2, b*=4.7, Rf=0.97) C I.Acid Black 139 1.5 parig
25 (a*=4.1, b*=5.3, Rf=0.90) Diethylene glycol ’ d

- . parts Deioni zed water 65. parts 15 | Cbnparatlve
Exanpl e 11C: mompaidﬂjya<g&hmp1e 1 2.5 parts (a*=2.0, b*=2.0,
Rf =0.93) C I.Acid Black 110 - 2.5 parts 5 (a*=4.4,
b*=I1.9, Rf=0.86) MiltAvilde il apky A 239 parts Dei oni zed
wat er ' 65 parts Conparative Exanple 2



.10 C.1.Acid Bl ack .24 | . 2.5 parts (a*=2.0, b*=2.0,

Rf =0. 93) C. I Acid Bl ack 26 ' 2.5 parts (a*=0.7, b*=l.I,
Rf =0. 72) EXetherne gl ycol - ' 30 parts 15 Dei oni zed
*wat er 65 parts Using the above prepared inks of

Exanpl es and Cbnparatlve Exanpl es, recordi ng was .conducted on the foll ow ng
varissus recording materials by means of .20 a recording apparatus of

on- defrand type recording head (PJ-1210, ' ufactured by CANON K. K.) wherein
i nks were to be discharged by a piezo vibrator. Wth the inks of the

pr esent |nvent|on there was no separation of mater-solg e dyes from each

" other on t he ROt HEiTRPrESuces andyuncliear (FRees HetE 5 Sduced; and

cl ear images of excelent color could be obtained. Meanwhile,. with the
“inks of Conparative Exanples, ink tones could not be reproduced and

uncl ear i mag r b ecording materials (1) G nwa (trade name)
(high quallt%%am%did% H%' al@ d by Sanyo- kokusaku Pulp Co., Ltd.) (2)
Seven Star (trade R rddd nanel 2R ¢ WhaguLRd, er Hokuet su Paper
MIIs, Ltd (3) Aakubotan ?trade namgB ALl rr%Pqua &?y paper,

manufactured by Sanyo-kokus;ku Pulp Co., Ltd.)
(2) Seven Star (trade name) (high duality paper,
manufactured by Hokuetsu Paper Mills, Ltd.)

(3) Hakubotan (trade name) (medium quality paper,

. manufactured by Honshu Paper Co., Ltd.)

—/
10 (4) Toyo Roshi No. 4 (trade name)'(non—sized.péper,
manufactured by Toyo Roshi K.K.) S
Each of the inks of Examples and Comparatlve
Examples was charged into a felt pen and recording wés
conducted on papers with these pens. - In the case of
.15 the inks of the present invention, no éblof'séparation
on paper occurred and clear images of the same.tdnes
as those of the inks were obtained. 1In thé-dase of
the inks of Comparative Examples, sepafation.of dyes
Y _

from each other occurred on the papers; the ink tones’

20 could not be reproduced; and the images'wefe unclear.

25



manuf actured by Honshu Paper Co., Ltd.) 10 (4) Toyo:Roshi No. 4(trade
nane) (non-sized paper, nmanufactured by Toyo Roshi K. K. ) Each of the inks
of Exanpl es and Conparative Exanples was charged into a felt pen and
recordi ng was conducted on papers with these pens. In the case of 15 the
.inks of the present invention, no color separation on paper occurred and
clear images of the same tones as those of the inks were obtained. 1n thg
case of the inks of Conparative Exanpl separation of dyes from each -
ot her occurred on the papers; the ink 35723 20 could not be reproduced; and
t he inadescmwnmgwmlear 25 17 CLAI A recording I|qU|d cont ai ni ng
a plurality of water-soluble dyes, said water-soluble dyes giving a tone
satisfying the following formula (1) and havi ng a chromat ographic
characteristic satisfying the followwng formula (I11): [err] 10 wherein (1),
[err] and [err] l.epr @semcanssipartliipiid aahtffioniongeai platadmtdyb* bet ween
any two dyes selected fromsaid plurality of dyes in CIE-L*a*b*, and [err]
of water-soluble dyes, said water-soluble dyes giving

> a tone satlsfylng the follow1ng formula (I) and having

a chromatdgraphic characteristic satisfying the

following formula (II):

0 = /(6a*)2? + (4b*)2 = 10 - (1)
| 0 S AR s 0.2 - (II) W
10 whereinI(I), Aa* and Ab* represent respectively a
diffetenee in a* and b* between any two dyes selected
from seid plurality of_djes in CIE-L*a*b*, and ARf
represehte a difference of Rf Qalue in paper'CHamﬁtq;zmmy
Between the tmochMS'whalthe.naxmdnn;lgquuicxmkanu;only'UWndyes
13 or between the dyes havnng the hlghest and the lowest f£low: rates when the
"naxmdnx;ly$ng<uxmaum;ﬂxne<xjmx3}hee._ ,
2. A recetding 1iquid_aéeoraing to Claim 1,
wherein the contentlof the dyes ie.in the range of
from 0;5 tol3d ? by we;ght based on the total weight

20 of the recording liquid.

3. A recording liqdid according to Claim 1,
wherein said recording liquid further contains water
and a water-soluble organic solvent as liquid media

25 for dissolving or dispersing the dyes.

4. A recording method wherein recording is

R YD




erepresents a difference. of Rf val-ue in paper chronatography bet ween the two

'dyes whén the recording liquid contains only tw dyes 15 or between the
*dyes havi ng- t he hlghest and the |l owest flow rates when the recording |iquid
Ycontai-ns three or nmore dyes. 2. A recording liquid accordlng to daim1l,
wherein the content of .the dyes is in the range of fromO0.5 to 30 % by

~wei gift based on the total . ~wei ght 20 of the recording liquid. 3. A
recoxdi ng |liquid according to Claimi, Lﬁéérein said recording liquid
further contains water and a water-sol e organi c sol vent as quuid medi a

25 for di solving or dis er5|n t.he dye . A record| erein.

recor di ngsll s condhctedy g’&éﬁﬁsd&%e&soﬁfetas rgfcog ‘imqw d

onto a recor(%l gy rredl lérgrds%l d r%lg‘%o ld q_léc%r%%r}lt allrl ng £ plurality of
5le

wat er - sol ubl € yes giving & ton Satisfying the 5.

fol I'owi ng forﬁ%'rt@]lgu%ga%dfaig,gﬁaatgm RN BRI Gt ©

satisfying t ow>ng §the recor g ‘medium cont ai ni ng

a ctellul ose {j her 47! Sﬁﬁ@@etsh iMnAGe tohel A idNG Rt erial @ [err]

wherein (1), [err] err re%?ese respectively-a 3P {ﬁpence of a* or

b* betweer ambumuwrﬁgeid&&bg@tqd) and having a chromatographic
characteristic satisfying the following formula (II):;

and the recofdinglmedium containing a cellulose fiber

exposed at the surface of the recording material:

W 0 £ /(Aa*)2 + (Ab*)2 £ 10 (1)
10 0 s ARf £ 0.2 (I1)
wherein (I), Aa* and Ab* represent respectively a
difference of a* or b* between any two dyes'selécted
from said plurality of dyes in CIE-L*a*b*, and ARf
represents a difference of Rf value in paper
15 chromatography between any two dyes selected from said

plurality of dyes.

5. A recording method according to Claim 4,
wherein the content of the dyes in the recording liquid
20 is in the range of from 0.5 to 30 $ by weight based

on the total weight of the recording liquid.

‘6. A recording method according to Claim 4,
wherein the recording liquid contains water and a
25 water-solublefbrgahic solvent as liquid media for

dissolving or‘dispgrsing.the dyes.

| ) O



A

fronfsard plutality of dyes in.ClE-L*a*b*, and [érr] represents a f
difference of Rf value in paper 15 chromatography between any two dyes

selected fromsaid plurality of dyes. 5. A recording method according to 4
:Cliai m 4, "wherein the content of the s in the recording liquid 20 is in

the range of fromO0.5 to 30 % by wei based on the total weight of the_
Tecording liquid. 6. - A recording nethod according to:Cl aim4, whereinThe:

recording liquid _contains water and a 25 water-sol ubl e_organic solvent &s"
liquid nedia for 7di ssévilfforsuhsirnEially hes (jescribed withnrefikrence

_su?stantlakhya%§_%&sggggﬁiégt{1géﬁ§?ence t? any'of Exanp!es_lﬁtq 5.
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