Descri pti on REVERSI BLE THERVAL DI SCOLORATI ON AQUEQUS | NK COMPGCSI TI ON AND
VRl TI NG | MPLEMENT USI NG THE SAME AND WRI TING 5 | MPLEMENT SET Techni ca
Field WO 2009T19285pr esent i nvention relates to a rever sPOTAP20(YITHFANI0

di scol orati on aqueous ink conmposition and a 10 witing inplenent using the
sanme and a witing inplenent set. Background Art Hitherto, there is

di scl osed an inner-wadding type 15 witing inplenment wherein an ink
occlusion body is inpregnated with a reversible thernmal discoloration
aqueous ink conposition capabl e of Descmipgilkandwiti ng whose col or tone
changes depending on a change in tenperature and is housed in a barrel
(see, e.g., Patent 20 Docunent 1). The above reversible thernal
di scol orati on aqueous i nk conposition solves a problemthat a reversible

thermal di REVERSIBELEN THERMALAPISCOLORATEON ARUBLIEUINKY cOMposairabrd and
precipitated in the ink occlusion body 25 owing to a difference in specific

gravity behweewrINaNG awersMiNe UBenGRIrHE SAMEOARDI ARIFIRGOCApPsuUl e pi gment
and a vehicle and hence handwiting is |ightened or deepened in color

dependifng eppiReEMTERTWEre a pen body is downward (an inverted state) or
upward (an erecting

Technical Field
The present invention relates to a reversible
thermal discoloration aqueous ink composition and a
10 writing implement using the same and a writing implement

set.

Background Art
Hitherto, there is disclosed an inner-wadding type

15 writing implement wherein an ink occlusion body is

impregnated with a reversible thermal discoloration

aqueous ink composition capable of forming han&writing

whose color tone changes depending on a change in

temperature and is housed in a barrel (see, e.g., Patent
20 Document 1).

The above reversible thermal discoloration aqueous
ink composition solves a problem that a reversible
thermal discoloration microcapsule pigment is gradually
flocculated and precipitated in the ink occlusion body

25 owing to a difference in specific gravity between the



5 state), and solves the problem by incorporating a water-sol uble polyner
flocculant into the ink to make the m crocapsul e pi gnent suspended in a

| oose fl OFOUDEIOTBSSt ate t hrough a | oose crosslinki ng acPCBaPDI/OFHE00pOl yrer
floccul ant. 10However, it is difficult to conpletely suppress the

| i ghteni ng and deepening in color of handwiting attributable to the
difference in specific gravity between the m crocapsul e pi gnent and the
vehicle nerely by incorporating the polyner flocculant. Particularly, 15 it
i s desired rievedeiblep theimans dicgcobeutibnngikabdapstuilegplgmeniti ghtieni ng
with tinme in an erecting state or fromlightening induced by the

applicati o 9khicheabind hande hasparidingnier laghtbacti 68 Weepenkdi S
carried on in an erecting state. 20[Patent Docunent 1] JP-A-11-335613

Di scl osur e igf dolier! AKPRhdIRg on the statBewhB¥@nhi pBni Bbaydsst o provide a
reversi ble thermal discoloration aqueous ink conmposition which is 25
capabl e of RuRRLeaSi (A% kG-l eriare)aBd dpaRedi anOkbrebondyriting at the
time when a witing inplenment containing the reversible thermnal

di scol 0§ at ig@ raguequy il veQMRAY HraB1kh Bgeihéﬁ'bﬁhria%iﬂﬁeg’ wabdr-

particularly, whi'ch does not I|ighten the color of handwiting with time 5
'n an er?Cts'oflgbiha 81902 A1 e GRA! RELCORRT 8 mQﬂ@-_dH;b“ ng by the
appl i cation of vibfatron at transportation or at the time when it is

o oo hmilrAl BBl B HAS sulpeliiel 38 2 HELLENGLIRLETRAL UST 19 the

sane and a witin set. € 1 nvention 1nten 0 sol ve the

af or e- nent i gned obl em of ,a reversi ble thermal ,di scolorati on,agueous i nk
conpositioﬁgﬁﬁﬁ %BWFPPZ § LSS SHOST RGP 3SEARD ©OF the pﬂ%ﬁ%ﬁ§, t he

present invention is the follow ng constitution. 15 (1)A reversible therma
di scol or at iFof i nk
10 However, it is difficult to completely suppress the

lightening and deepening in color of handwriting
attributable to the difference in specific gravity
between the microcapsule pigment and the vehicle merely
by incorporating the polymer flocculant. Particularly,

15 it is desired to develop a means for preventing
handwriting from lightening with time in an erecting
state or from lightening induced by the application of
vibration at transportation or at the time when it is
carried on in an erecting state.

20 [Patent Document 1] JP-A-11-335613

Disclosure of the Invention
The invention intends to provide a reversible
thermal discoloration aqueous ink composition which is

25 capable of suppressing the lightening and deepening of



conposition conprising: water, a reversible thermal discoloration
m cr ocapsul e pi gnment including a reversible thermal discoloration 20
conposi t WA 260Me7458i ng: (A.) an el ectron donative col or PETJRAOGHITH O
conpound, (B) an el ectron accepting conpound, and
(C© a reaction medi um which determnes a 25 tenperature at which col or
reactions of the both conpounds occur, a polyner flocculent, a
conb-type pol yner di spersant having a carboxyl group at the side chain, 5an
or gani ¢ ni theagerisinguatc thpottane whénaawaréktisgl vinptemestin.

containing the reversible thermal discoloration aqueous

ink composition in the barrel is used, and particularly,

which does not lighten the color of handwriting with time

5 1in an erecting state or does not lighten the color of

handwriting by the application of vibration at

transportation or at the time when it is carried on in an

erecting state, as well as a writing implement using the

same and a writing implement set.

10 The invention intends to solve the afore-mentioned
problem of a reversible thermal discoloration aqueous ink
composition and a writing implement using the same.

Namely, the present invention is the following
constitution.

15 (1) A reversible thermal discoloration aqueous ink
composition comprising:

water,
a reversible thermal discoloration microcapsule
pigment including a reversible thermal discoloration

20 composition comprising:

(A) an electron donative coloring organic
compound,
(B) an electron accepting compound, and

(C) a reaction medium which determines a

25 temperature at which color reactions of the both



(2) The reversible thermal discoloration aqueous ink conposition according
to the above (1), wherein the 10 organic nitrogen sulfur conpound is a
conpound WeREWEWSHr om 2- (4-t hi azoyl) - benzi m dazol e, 2-PCT/JP2009/054100

(t hi ocyanat onmet hyl t hi 0) -1, 3- benzot hi azol e, 2-nethyl-4- isothiazolin-3-one,
and 5-chl oro-2-net hyl-4-isothiazolin3-one. 15 (3) The reversible thernal
di scol orati on aqueous ink conposition according to the above (1) or (2),
wherein the mass ratio of the conmb-type pol yner dispersant having a

car boxyl groosmpcaindshecziudg chain to the organic 20 nitrogen sul fur conpound
is from1:1 to 1:10. (4) The reversible thermal discoloration aqueous ink
conposi tion accor di pglimerh€laboutabt), wherein the pH of the ink
conposition falls within the range of 3 to 7. 25 WO

2009/ 107855PCT/ JP3003mB54{P8 pbdymdbedispersaht ehiehgnh Easl6ekpr ation
aqueous ink conposition according to the above (4), which uses a

wat er - sol U@ uEEdth tHl Wil idhatihe range wherein the pH of the ink
conpositionis from3 to 7. 5 (6) The reversible thernmal discoloration

aqueoussi nk conpoght b2BaREeOhdtPEgbR LHEFAPOMEMbSIndWNERGI N the

wat er -sol ubl e resin is polyvinyl alcohol. 10 (7)The reversible thermnal

di scol oration aqugoys +kRKs69iBPs! Fhgnaccording to the above (6), wherein
t he saponification degree of the polyvinyl alcohol is from70%to 89%

(2) The reversible thermal discoloration aqueous ink
composition according to the above (1), wherein the

10 organic nitrogen sulfur compound is a compound selected
from 2-(4-thiazoyl)-benzimidazole, 2-
(thiocyanatomethylthio) -1,3-benzothiazole, 2-methyl-4-
isothiazolin-3-one, and 5-chloro-2-methyl-4-isothiazolin-
3-one.

15
(3) The reversible thermal discoloration aqueous ink
composition according to the above (1) or (2), wherein
the mass ratio of the comb-type polymer dispersant having
a carboxyl group at the side chain to the organic

20 nitrogen sulfur compound is from 1:1 to 1:10.

(4) The reversible thermal discoloration aqueous ink
composition according to the above (1), wherein the pH of
the ink composition falls within the range of 3 to 7.

25



15 (8) The reversible thermal discoloration aqueous ink conposition
according to any one of the above (5) to (7), which contains the

wat er - solWbI2e0%1®3858 i n an anmount of 0.3 to 3. 0% by massPCRUP08)/T34¢00
reversi ble thermal discoloration aqueous ink composition according to any
one of the above (1) to (8), wherein the surface tension of the ink
conposition falls within the range of 25 to 45 nVm 25 (10) Awiting
i npl enent equi pped with a pen body containing the reversible thermal

di scol or at i(6) aquEbasren&rsibhpesthemmahcdbsdohgra biamyagueows imlke above (1)
to (9) in a barrel and | eading out the ink conmposition in 5 the barrel.
(11) The wcompdgiitipheaegbrdiagr dongheoabbeealidye whdrh ubesean a rear
portion of the pen body comes into contact with an ink occl usion body

conposed Olatelr-genuedkl eekive sbQubody iaokhai rafigenwh8eebar Rk pAd the ink
occl usion body is inpregnated with the ink conposition. (12) The witing

i npl enent agCcehd Rakt eohpesakewa Gi0krem BlEp, 7wherein the pen body is a
mar ki ng pen. 15 (13) The witing inplenment according to any one of the

above (40) to (12), which is equipped with a frictional nenber. 20 (14) A
witing inplenent set conprising the witing inplenent according to any one

of the abo%%)(lo)Tﬁg fdodrafdia EhifhhPNdl s88f¥ration aqueous ink

composition according to the above (5), wherein the

water-soluble resin is polyvinyl alcohol.

10 (7) The reversible thermal discoloration aqueous ink
composition according to the above (6), wherein the
saponification degree of the polyvinyl alcohol is from

70% to 89%.

15 (8) The reversible thermal discoloration aqueous ink
composition according to any one of the above (5) to (7),
which contains the water-soluble resin in an amount of

0.3 to 3.0% by mass.

20 (9) The reversible thermal discoloration aqueous ink
composition according to any one of the above (1) to (8),
wherein the surface tension of the ink composition falls

within the range of 25 to 45 mN/m.

25



The invention can provide a reversible thermal discoloration aqueous ink
conposition which is capabl e of 25 suppressing the |ightening and deepeni ng
of handwWoOi2p9/102855t he tine when a witing inplenment coPCHIPAPRISHINE

reversi ble thermal discoloration aqueous ink conposition in the barrel is
used, and particularly, which does not |lighten the color of handwiting
wth tinme in an erecting 5 state or does not |ighten the col or of
handwriting by the application of vibration at transportation or at the
time when i(d0)s carvreting imphementcequippedtw thhisa iedn badwy witing

i npl enent using the same and a witing inplenment set. 10 Brief Description
of the Drawongaining theFr&vetsiblantbephahatbsgotionatihgn shagueogs

di scol orati on behavi or of a heat-decoloring type reversible thermnal

di scol or at iak @omposapivheapcgrdnhg to any oné&l & £héesabovexplantd ory
drawi ng showi ng di scol orati on behavi or of a heat-decoloring type reversible
thermal di 999! ahaki BariFelr aadpiehadinggoatt thaving eocwpdei themviy property.
FIG 3 is an explanatory draw ng show ng di scol oration behavior of a

heat - cot or ithg bupeeneversi ble thermal discol oration mcrocapsul e pi gnent.
25FIG 4 is an explanatory drawi ng show ng one
WO20091107855PCT/ JP2009/ 054100 exanple of the witing inplenent of the

i nvention. FIG 5 is an explanatory draw ng showi ng anot her exanple

of the writdRg | MpLENKRL £ Phgt iRpl ONEM | ®Bcording to the above (10),
wherein a rear portion of the pen body comes into contact
with an ink occlusion body composed of a fiber collective

10 body contained in the barrel and the ink occlusion body

is impregnated with the ink composition.

(12) The writing implement according to the above (10)
or (11), wherein the pen body is a marking pen.

15
(13) The writing implement according to any one of the
above (10) to (12), which is equipped with a frictional

member.

20 (14) A writing implement set comprising the writing
implement according to any one of the above (10) to (12)
and a frictional body.

The invention can provide a reversible thermal
discoloration aqueous ink composition which is capable of

25 suppressing the lightening and deepening of handwriting



5 FIG 6 is an explanatory drawi ng showi ng still another exanple of the
writing inplenment of the invention. Description of Reference Nunerals and
Si gns 10 Woceomplogssé col oring tenperature of a heat - decoPOTIPZH02/YF3&00

reversi ble thermal discoloration mcrocapsule pignent t2coloring starting
tenperature of a heat-decol oring type reversible thermal discoloration
m crocapsul e 15 pignent t3decoloring starting tenperature of a heat-

decol oring type reversible thermal discoloration mcrocapsul e pignent

t 4conpl et eattethlkortimg whepeaawnieing ampremenPOcdetalininggthgpe reversible
thermal discoloration m crocapsul e pi gnent conpl ete decol oring

t enper at ur eebraibtat thekrnalngibyplorateofi Aiaeblier ik dompokotabhon

m crocapsul e pignment 25 T2decol oring starting tenperature of a
heat - col or iR0the barrel is used, and particularly, which does not
lighten the color of handwriting with time in an erecting
5 state or does not lighten the color of handwriting by the
application of vibration at transportation or at the time
when it is carried on in an erecting state, és well as a
writing implement using the same and a writing implement
set. |
10
Brief Description of the Drawings
FIG. 1 is an explanatory drawing showing
discoloration behavior of a heat-decoloring type
reversible thermal discoloration microcapsule pigment.
15
FIG. 2 is an explanatory drawing showing
discoloration behavior of a heat-decoloring type
reversible thermal discoloration microcapsule pigment
having a color-memory property.
20
FIG. 3 is an explanatory drawing showing
discoloration behavior of a heat-coloring type reversible

thermal discoloration microcapsule pigment.

25 FIG. 4 is an explanatory drawing showing one



type reversible thermal discoloration m crocapsul e pignment Tscol oring
starting tenperature of a heat-coloring type reversible thernal

di scol or WDAMN0ZES6capsul e 5 pi gnent T4conpl et e col ori n§CTAREY/BR4lG0e of a
heat -col ori ng type reversible thernmal discoloration mcrocapsul e pignent
ARhysteresis width 10 1witing inplenment 2ink occlusion body 3pen body
4barrel 5hol der 15 6cap

example of the writing implement of the invention.

FIG. 5 is an explanatory drawing showing another

example of the writing implement of the invention.

5
FIG. 6 is an explanatory drawing showing still
another example of the writing implement of the invention.
Description of Reference Numerals and Signs
10 >t1 complete coloring temperature of a heat-decoloring

type reversible thermal discoloration microcapsule
pigment
t2 coloring starting temperature of a heat-decoloring
type reversible thermal discoloration microcapsule

15 pigment
ts decoloring starting temperature of a heat-
decoloring type reversible thermal discoloration
microcapsule pigment
ta complete decoloring temperature of a heat-

20 decoloring type reversible thermal discoloration
microcapsule pigment
T, complete decoloring temperature of a heat-coloring
type reversible thermal discoloration microcapsule
pigment

25 T, decoloring starting temperature of a heat-coloring



7frictional nmenber 8ink 9stirring body 10val ve nechani sm 20 Best Mde for
Carrying Qut the Invention The coloring agent contained in the
above reWEO2DW1878her mal di scol orati on aqueous i nk conpBET/iR2009/454108

reversi ble thermal discoloration mcrocapsule 25 pignment including in a

m crocapsul e a reversible thermal W) 2009/ 107855PCT/ JP2009/ 054100

di scol oration conposition containing at | east essential three conponents of
(A) an electron donative coloring organic conmpound, (B) an el ectron
accepti ng dypgeowmelensdible) thersadt discoddirativh ohcdetepsiihes a t enperature
at 5 which color reactions of both conpounds occur, the reversible thermnal
di scol or at ipdrgmeartposi ti on bei ng decol ored by heati ng. As the above
reversible thermal discoloration conposition, it discolors with a

det er m ned #:enper abllbeing starting temperature of a heat-coloring

type reversible thermal discoloration microcapsule
5 pigment
T, complete coloring temperature of a heat-coloring

type reversible thermal discoloration microcapsule

pigment
AH hysteresis width
10 1 writing implement
2 ink occlusion body
3 pen body
4 barrel
5 holder
15 6 cap
7 frictional member
8 ink
9 stirring body
10 valve mechanism

20
Best Mode for Carrying Out the Invention
The coloring agent contained in the above
reversible thermal discoloration aqueous ink composition
is a reversible thermal discoloration microcapsule

25 pigment including in a microcapsule a reversible thermal



10 (discoloration point) as a border; it shows a decolored state in a
tenperature region equal to or higher than the discoloration point at a

hi gh t enpEO2p19785de and a col ored state in a tenperat BCEIPWGYeH1@qual to
or |lower than the discoloration point at a | ow tenperature side; 15 only
one specified state of both states as nentioned above exists in an ordinary
tenperature region and the other state is maintained while a heat or cold
necessary for expressing the state is applied but returns to the state
shown i n t Reseslibpatyoheaprpakiteonasgetaiwinglatippéastt éssentiahe heat or
cold is renoved; it has a property that a hysteresis width is relatively
smal | ( OM £hiebOcdfpondhtdeser i(ApdahNeI&-Bréi - d4riQbivd Peb&rOR1Hg 707,
JP-B-1-29398, and the like (see FIG 1). Mor eover, there can
be appliedoaghfat- demBbAhHNY (B h¥PE18EEF SR AREELELPHhGBEISouNE! NG in a
m crocapsule”a reversible thermal discoloration conposition which shows a

| ar ge hystg&?sssraaékﬁsheﬁhaihﬁ {RABh =38t L PmPREY . a BeflBELALERE 48
JP-B-4-17154, JP-A- 7-179777, JP-A-7-33997, JP-A-8-39936 and the |ike,

namely,sin fhe,diLsegloraLieions bReHSPRPECMboANGNT ¥EcREOL EhEY @ change in

col or density mn%%ia tenperature change traces a course which is largely

di fferent : e : r b $s 1ggd froma | ow
tenperaturgggggggg?gtﬁgg%ﬁgggﬁggg%?%ﬁsggﬁgegé#%§gi?ég#gﬁéan t he case where
the 10 tenBera ure i§ Igwgreg froma high tenperature side fromthe

di scol or at PSRt 8REEr B¥uPE2F28%n, and which has a col or-menory property

that a colored state _jn | ow t enper ature, .reqi ual.to or lower than the
conpl ete colorin eﬁ%ﬁr%PﬁY% f?€§r%§b§?dgﬁ%88$£d§% GRECTREECHi gh 15
tenperature region equal .to.or higher_.than the conplete decol pring

t enper at ur ° %F1F§°guiﬁﬁapﬁ§&°iﬂg§ §b£€i?igﬁg?ﬁﬂgg?gtg?@p?€§?8ﬁe[a
tenperature regi on between t2 and t2 (a substantial two phase retention

t enper 8 ur 9L EGPARYRLESBePPEBY) RS 30PpEPeFéstt ERQFSCcRHPEPIETRR a col or

density- tenperature curve of the above reversible therpal djscoloration
conposi ti oftAtel iPeadésppesafurs rRE1PB| pEWRAgLe or higher than the

discoloration point at a high temperature side and a

colored state in a temperature region equal to or lower
than the discoloration point at a low temperature side;
15 only one specified state of both states as mentioned
above exists in an ordinary temperature region and the
other state is maintained while a heat or cold necessary
for expressing the state is applied but returns to the
state shown in the ordinary temperature range when
20 application of the heat or cold is removed; it has a
property that a hysteresis width is relatively small (AH
= 1 to 7°C), as described in JP-B-51-44706, JP-B-51-44707,
JP-B-1-29398, and the like (see FIG. 1).
Moreover, there can be applied a heat-decoloring

25 type microcapsule pigments including in a microcapsule a

10



In FIG 2, the color density is plotted on the 25 ordinate and the
tenperature on the abscissa. A change in the color density due to a

t enper at WO 20004197855 pr ogr esses al ong the arrow. On this §CaIA009034800a poi nt
showi ng the density at a tenperature t4 at which a decol ored state reaches
a conpletely decolored state 5 (hereinafter referred to as "conplete

decol oring tenperature”), Bis a point show ng the density at a tenperature
t3 at which decoloring starts (hereinafter referred to as "decol oring
starti ng t agveratitvle’ thefmal aip@olioraitivwnngompesdensint whathashewser at ur e
t2 at which 10 coloring starts (hereinafter referred to as "col oring

starting t Mmerddihgskterddd sDoharadteirilstibowiang £he €ensoty) Atas
tenperature t1 at ich a colored state reaches a conpletely colored state

(herei naf t fedc@fitidded nt gPag-1camalsat,e Jpola0r7i-ng oygnpesptu-g-33989The
di scoloration tenperature region is a tenperature regi on between the

af orement | gped 1gl 399d 6! 4ndhehel 1ike0 RRARAY ,Okhin! REeCak 8684 oThakienand

decol ored state can coexist, while the tenperature regi on between t.2 and

t3 which haged Jhalle o Lf eheRee hdtitiagcyl %gﬁ?%ﬁ%ﬂc ];Qoics d@ngllgt anti al

di scol oration tenperature region. of the litne“segnent EF

is a neasur“gﬁlhgm%ﬁ%% h?-a%t n%%%gl@'ees%@age%t %ot%ﬁgggg L,Qgche@gt h of the line

segnent HG passing throug point o I'ne segnent El is a

tenperat ur g tlSr HPVDLN " BAGLRE the sl ohekesiRe RERBLAGLLEL Meferred

to as "hysteresi

is elevated from a low temperature side of the
discoloration temperature region and the case where the

10 temperature is lowered from a high temperature side from
the discoloration temperature region, and which has a
color-memory property that a colored state in a low
temperature region equal to or lower than the complete
coloring temperature (t;) or a decolored state in a high

15 temperature region equal to or higher than the complete
decoloring temperature (t;) is maintained in a specified
temperature region [a temperature region between t, and t;
(2 substantial two phase retention temperature region)]
(see FIG. 2).

20 Hysteresis characteristic in a color density-
temperature curve of the above reversible thermal
discoloration composition will be described in the
following.

In FIG. 2, the color density is plotted on the

25 ordinate and the temperature on the abscissa. A change

11



width AN'). A small AN value allows the presence of only one state of the
both states before and after discoloration in an ordinary tenperature

regi on. AVO@ao0AB val ue facilitates retenti on of each BECHIROWESHI® or 5
after discoloration. As the above reversible thernmal discoloration
conposition having a color-nenory property, specifically, it can be
effectively functioned for the retention of color shown at an ordinary
state (daily life tenperature 10 region) by specifying the conplete

col ori ng t éenpéhet uodotrldeasatyyedper tduactelparatdrenthangea freezer, a cold
district, and the like, i.e., a range of -50 to OC, preferably -40 to -5C
nor e pref epablgyes3est aloh@Cthadathewconphethidegphph| ny ienpepainte t4 to a
tenperature 15 obtained fromfrictional heat generated with a frictional

body or a kaswinagr theadengikoditsiacCbempetabare df V£t .which ,a a range of 45
to 95C, preferably 50 to 90C, nore preferably 60 to 80C and specifying the

AN val ue t ge¢81b2ed0@8€atd0Fbachek! aVeagpYEtEl1gPacEblsnkdysexeapl ify the
foll owi ng respective conponents of (A), (B), and (C). Exanples of the

el ectron dQpatkyfa¢eke ragepiaants s8MPeumg1atet H8c608BPAGNt (A) of the
i nvention include di phenyl met hanepht hal i des, phenyli ndol yI pht hal i des, 25
i ndol yl pht halidestudiePhenyl T8t HapE2LaPEhBRLhGCEhe density at a
temperature ts; at which decoloring starts (hereinafter
referred to as “decoloring starting temperature”), C is a
point showing the density at a temperature t, at which
10 coloring starts (hereinafter referred to as “coloring
starting temperature”), and D is a point showing the
density at a temperature t; at which a colored state
reaches a completely colored state (hereinafter referred
to as “complete coloring temperature’”).
15 The discoloration temperature region is a
temperature region between the aforementioned t; and t,
wherein two phases of the colored state and decolored
state can coexist, while the temperature region between t,
and ts which has a large difference in the color density
20 is a substantial discoloration temperature region.
The length of the line segment EF is a measure
showing contrast of discoloration, and the length of the
line segment HG passing through a middle point of the

line segment EF is a temperature width showing the degree

25 of hysteresis (hereinafter referred to as “hysteresis

12



WO 2009/ 107855PCT/ JP2009/ 054100 phenyl i ndol yl azapht hal i des, fl uorans,
styryl qui nol i nes, and di azarhodam ne | actones. The following will exenplify
t hese corlpounesL07sFRer e may be nmentioned 3, 3-bis(p- 5  PCT/JP2009/054100

di et hyl am nophenyl) - 6- di net hyl am nopht hal i de, 3-(4-

di et hyl am nopheny1l)-3-(1-ethyl -2-nethylindol-3- yl)phthalide,

3, 3-bis(1-n-butyl-2-nethylindol-3- yl)phthalide,

3, 3- bi s(2- et hoxy-4-di et hyl am nophenyl) - 4- azapht hal i de,

3- (2- et hoxyiditd atryl.amanemaany Ay Falle h@1ekBYylthe presence of only
-2-met hyl i ndol- 3-y1l)-4-azapht hal i de, 3-[2-ethoxy-4- (N

- et hyl ani | bne) gltafrlbf3the botthy ktateet bylFordoand- ;lf):er4 - azapht hal i de,
3,6 -di phenyl am nofl uoran, 3, 6- dinethoxyfl uoran, 6- di - n- but oxyf | uor an,

2-met hyl- GdQN%bﬂbanlantQEYEﬁ”b&GlBEHQV@EmparaebkérQe§10ﬁ5 A large
cycl ohexyl am nof |l uoran, 2 -nethyl-6-cycl ohexyl am nofl uoran,

2- (2-chl or g ?ﬂ%%h%g)fgdqﬁngQ%%yE@Wb%%ﬂbﬂob§neagh(§tate before or

trifluoronmethylanilino)-6-diethylam nofl uoran,

2- (Nmet byl apiclihn Sl Nralth ¥, N—p tolylam no)fluoran, 1,3 -
di met hyl- 6- tgthg%gnﬁnofluor 2 -chloro-3-nethyl-6- 20

g eyl am ol uor g 7eanbl go: 3, geL ki Scngheiiubagrontiyeran,

3|2?L|:2ﬁ1ﬁ PFL2¥ - utylanlpo huoran . yl 1dI no-

T (1 et hy e .s&%anlaéwﬁ§§zﬁuoré§* Hpediilo §*§86%9Y2555e°19?ﬁéllvr
2005/ 107858 RCKPIREE08] 6%%%3&&&%%3&9%% $a5i Kor Rgtention of

7 CoLot CALSEs AT 2 AR Bt it LR one

10 region) by specifying the complete coloring temperature t;

to a temperature obtained only in a freezer, a cold
district, and the like, i.e., a range of -50 to 0°C,
preferably -40 to -5°C, more preferably -30 to -10°C and
the complete decoloring temperature t; to a temperature

15 obtained from frictional heat generated with a frictional
body or a familiar heating body such as a hair dryer,
i.e., a range of 45 to 95°C, preferably 50 to 90°C, more
preferably 60 to 80°C and specifying the AH value to 40 to
100°C. |

20 The following will specifically exemplify the
following respective components of (A), (B), and (C).

Examples of the electron donative coloring organic

compound of the component (A) of the invention include
diphenylmethanephthalides, phenylindolylphthalides,

25 indolylphthalides, diphenylmethaneazaphthalides,
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5
2-
3-
2-
10
2-
a
3

el ectron v
active pro
nnnophenol
such as an

d
(d
d
(
(
(
(0]
(

)pyr|n1d|ne 5,1 (3111) i sobenzof uran] - 3' - one,
- n- but yl am no) - 8- (di - n- but yl am no) - 4- met hyl - spi ro(5H- (1) benzopyr ano( 2,

)pyranGQMQHBﬂES(S H) i sobenzof uran] - 3' - one, * PCT/JP2009/054100
di - n- but yl am no) - 8- (di et hyl am no) - 4- net hyl - spi r of 5H
1) benzopyrano(2, 3-d) pyri m di ne-5,1' (311-1)i sobenzofuran] - 3'-one,

di - n-butyl am no) - 8- (N-et hyl - N-i - anyl am no) - 4- net hyl - splro[SFL(l)benzopyr
no(2,3-d)pyrimdin-5,1"' (3 H)i sobenzofuran]-3'-one, 15

2- net hophedyilindohylarapbphabydés 3- flubpaiyd, 2styrylquinolines,

met hyl i ndol-3-yl)-4,5,6,7-tetrachl oropht hal i de,

3- (2- et hoxynd- diathyhadambpbehygdtoBe$l- et hyl- 2-

nmet hyl i ndol-3-yl)-4,5,6, 7-tetrachl oropht hal i de, and 3-(2-

et hoxy- 4- di et hyl anhé&opdElywing-vwilt P estendp Pi APt t1yds e ddmpbundds :
yl)-4,5,6,7-tetrachl oropht hal i de. In addition, pyridine,

qui nazol i ne and brsétd NP bé ansPtenEd S3 ydHisis gs€ ef fective for producing
fluorescent yellow to red colors can be al so used. 25As the el ectron

acceptifg gemReHPIafl nbPReAPIPOBLAimetBY1ami B6ERENA] igoPRLUMIS havi ng
active protons, a group of pseudo-acidic conpounds (a group of conpounds

whi ch are a&htﬂgugmbﬂapﬁaa§@)ch@i gengl opuRathel i hlis1 couponent (A) by
acting as acid in the conposition) and a group of 5 conpounds having

10

15

20

25

19 gh_%ﬁﬁﬁge”eﬁthoﬂﬁgu ﬁtylEéaxHBl:ﬁl%desCO”pound havi ng

inc as conpounds aving a phenolic hydroxyl group,

?ggtﬂghxgg:eng:ﬁ LbiP?é Legﬁ&qv,aa' YEStRGYLROnGpRUGE) L4ent group
azaphthalide, 3—(2-ethoxy—4—dlethylamlnophenyl)—3—(1—
ethyl-2-methylindol-3-yl)-4-azaphthalide, 3-[2-ethoxy-4-
(N-ethylanilino)phenyl]-3-(1l-ethyl-2-methylindol-3-yl)-4-
azaphthalide, 3,6-diphenylaminofluoran, 3,6-
dimethoxyfluoran, 3,6-di-n-butoxyfluoran, 2-methyl-6-(N-
ethyl-N-p-tolylamino) fluoran, 3-chloro-6-
cyclohexylaminofluoran, 2-methyl-6-cyclohexylaminofluoran,
2-(2-chloroanilino) -6-di-n-butylaminofluoran, 2-(3-
trifluoromethylanilino)-6-diethylaminofluoran, 2-(N-
methylanilino)—6—(N—ethylfN-p—tolylamino)fluoran, 1,3-
dimethyl-6-diethylaminofluoran, 2-chloro-3-methyl-6-
diethylaminofluoran, 2-anilino-3-methyl-6-
diethylaminofluoran, 2-anilino-3-methyl-6-di-n-
butylaminofluoran, 2-xylidino-3-methyl-6-
diethylaminofluoran, 1,2-benz-6-diethylaminofluoran, 1,2-
benz-6- (N-ethyl-N-isobutylamino) fluoran, 1,2-benz-6-(N-

ethyl-N-isoamylamino) fluoran, 2-(3-methoxy-4-

14



10 an acyl group, an al koxycarbonyl group, a carboxy group or an ester

t hereof, an am do group, or a hal ogen group, and phenol - al dehyde condensed
resi ns sO 2009/1878phenol s and trisphenols. | n addition, PEHER200054198 et al
salts of the above compounds having a phenolic hydroxyl group. 15The
foll owi ng shows specific exanpl es: There may be nentioned phenol
o-cresol, tertiary butyl catechol, nonyl phenol, n-octyl phenol,

ndodecyl phenol, n-stearyl phenol, p-chlorophenol, pbronophenol,

0- phenyl phdodkecorybtiylyl pghydobkybéenzoat e, 20 n-octyl p-hydroxybenzoat e,
resorcin, dodecyl gallate, 2,2-bis(4-hydroxyphenyl)propane, 4, 4-

di hydr oxydsphesybaul(lpbenzdépdrans (2; Byd)y pyyjhiedimheet hane,

2, 2- bi s(4- hydr oxy- 3- net hyl phenyl ) propane, bis(4- hydroxyphenyl)sul fide,
1- phenyl - 15]1bi(S( #) i 86baKd6OuyahPAZ Y }6h8ANE (didthybimi hy)ir®xyphenyl) - 3-
met hyl but ane, 1, 1-hi s(4-hydroxyphenyl) - 2-net hyl pr opane,

1, 1- bi s( 4- hudeexyhhanyd) --hexBPe-spito{ bis (1) behysbprandenyi) - n- hept ane,
1, 1- bi s(4- hydr oxyphenyl) - noct ane, 1, 1-bi s(4-hydroxyphenyl)-n-nonane,

1, 1- bi s{ 4- 45 ¥dmeuyAREBY 1) (B APE38Bendoftabhs{ 43hygnexyphenyl) - n- dodecane,
2, 2- bi s(4- hydi oxyphenyl ) but ane, 2, 2-bi s(4- hydroxyphenyl)ethyl propionate,

2, 2- hi s(4- BYQHOX|P i floYEBOYHPEALBALY1ZmZnb) Shdmethyl -
hydroxyphe%yﬂ?ﬁe%a?ﬁggéég%ﬁggﬁe,¥2,2-hiSFX- 10nh§drox3pﬁgny1)-n-heptane and

C e Bty Hsagtedte o ppyltpyatytle hove otpound hay
characteri gl Gy +4)¢s6BURG8EALaHPL3TEYREE 2
2-(di-n-butylamino) -8-(diethylamino) -4-methyl-spiro[5H~-

10 (1) benzopyrano(2,3-d)pyrimidine-5,1"' (3'H) isobenzofuran] -
3'-one,
2—(di—n—butylamino)—8—(N;ethyl—N—i—amylamino)—4—methyl—
spiro[5H- (1) benzopyrano(2,3-d)pyrimidin-
5,1'(3'H)isobenzofuran]-3'-one,

15 3-(2-methoxy-4-dimethylaminophenyl)-3-(1-butyl-2-
methylindol-3-yl)-4,5,6,7-tetrachlorophthalide,
3-(2-ethoxy-4-diethylaminophenyl) -3-(1-ethyl-2-
methylindol-3-yl)-4,5,6,7-tetrachlorophthalide, and 3-(2-
ethoxy-4—diethylaminophenyl);3—(1—pentyl—2-methylindol—3—

20 vyl)-4,5,6,7-tetrachlorophthalide.

In addition, pyridine, quinazoline and
bisquinazoline compounds which are effective for
producing fluorescent yellow to red colors can be also
used.

25 As the electron accepting compound of the component
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15 conpound sel ected fromaromati c carboxylic acids and aliphatic
carboxylic acids having from2 to 5 carbon atons, carboxylic acid netal

sal ts, acwe@ieoplezssphori c acid esters and netal salts theCEIP00HFIW, 2,
3-triazole and derivatives thereof. 20The followng will explain the
conponent (C) which is a reaction nedi um which reversibly induces an

el ectron donating and accepting reaction between the above conponents (A
and (B). Exanples of the conponent (C) include esters, ketones, ethers,

al cohol s, 4B ,aai drdbpapifdesmpounds haviAg atbeigenpeotohs(Ca, grbape nmay be
used a carboxylic acid ester conpound which discolors with showng a | arge
hyst er esi s ofhpsaaterastdi cwcbhpbagdesd (k0gioapl 6 dempotiidsewhgent ure curve
(a curve plotting a 5 change in color density with a tenperature change is

different beewaeh hiedcaae waake tbeokedpoeabpmentsoeh@ngedompeieat! ow
tenperature side to a high tenperature side and the case where the

t enper at ur qah Srghaegedqf bemMaihi 4R EﬁgpébﬁFBéQtin? hAdaal grot:gBer at ure
side), is 10 capable o? formng a reversible thermal discoloration

conposi &1 0RBRAVILRASAhaYi A" EEEREYoR" 9BEHLY cafiNBeShARE18nAd . val ue (el ting
poi nt-cloud point) ranging from5C to | ess than 50C, for exanple, a

carboxylic acid eﬁkg&pgggtgknkﬁgxy ﬁggéﬁatﬂéggngrggﬁi%é ﬁkago'g t he

nol ecul e, 15 an ester a car aclid contai ni ng an unsubstituted

aromatic rijng,\sbh an alipRahhe aLeoRg' a"aKRg118 RLaIBLG1C8LBAR, atoms. a
carboxylic™acid ester contalning a
monophenols and polyphenols, their derivatives having a
substituent group such as an alkyl group, an aryl group,
10 an acyl group, an alkoxycarbonyl group, a carboxy group
or an ester thereof, an amido group, or a halogen group,
and phenol-aldehyde condensed resins such as bisphenols
and trisphenols. In addition, they may be metal salts of
the above compounds having a phenolic hydroxyl group.
15 The following shows specific examples:
There may be mentioned phenol, o-cresol, tertiary
butylcatechol, nonylphenol, n-octylphenol, n-
dodecylphenol, n-stearylphenol, p-chlorophenol, p-
bromophenol, o-phenylphenol, n-butyl p-hydroxybenzoate,
20 n-octyl p-hydroxybenzoate, resorcin, dodecyl gallate,
2,2-bis (4~-hydroxyphenyl)propane, 4,4-
dihydroxydiphenylsulfone, 1,1-bis(4-hydroxyphenyl)ethane,
2,2-bis (4-hydroxy-3-methylphenyl)propane, bis(4-
hydroxyphenyl) sulfide, l-phenyl-1,1-bis(4-

25 hydroxyphenyl)ethane, 1,1-bis(4-hydroxyphenyl)-3-

16



cycl ohexyl group in the nolecule, an ester of a fatty acid having 6 or nore
carbon atons with an unsubstituted 20 aromati c al cohol or phenol, an ester
of a fattWoaeimdorkayi ng 8 or nore carbon atons with a brBETIRGOESHIKat i C

al cohol, an ester of a dicarboxylic acid with an aromatic al cohol or a
branched aliphatic al cohol, dibenzyl cinnamate, heptyl stearate, didecyl

adi pate, dilauryl 25 adipate, dinyristyl adipate, dicetyl adipate,

di stearyl adipate, trilaurin, trinyristin, tristearin, dinyristin, or

di st eari n. methylbuthpneaddi iir-bas (4-hydrepxyphenyi) e2-vethpliptopdrai ned from
an odd-nunbered al i phatic nonohydric al cohol having 5 9 or nore carbon
atons and &an lebds-(Auhiydrodyphepikdd Fo-bexboryl L¢labid(4nd a fatty acid ester
conpound having from 17 to 23 carbon atons in total obtained from npentyl

al cohol or hydrexiyphealytdhol-heptiaae, eteh-busiliérhgdabkphhénygl ranboxylic acid
having from 10 to 16 carbon 10 atons are al so effective.

Speci fi cal logtanker e ,napibg4raptiroggphanpept-adachnacelalebis{d+i decyl
butyrate, n-pentadecyl butyrate, nundecyl caproate, n-tridecyl caproate,

n- pent aglec Wyde-ariphkayln—-Aca¥tanapr Y|, atBi sR4uRgaeykyphRehyl pte- n- 15
tridecyl caprylate, n-pentadecyl caprylate, n-heptyl caprate, n-nonyl

caprate, nddadeark,Ccappabes (A-hyde8sypheaplfbatanepent adeLyacaprate,
n-pentyl |aurate, n-heptyl laurate, n-nonyl |aurate, n-undecyl |aurate,
n-tridecyl hydroxyphenyl)ethyl propionate, 2,2-bis(4-hydroxyphenyl) -
4-methylpentane, 2,2-bis(4-
hydroxyphenyl) hexafluoropropane, 2,2-bis(4-

10 hydroxyphenyl) -n-heptane and 2,2-bis (4-hydroxyphenyl) -n-
nonane.

Though the above compound having a phenolic
hydroxyl group can express most effective thermal
discoloration characteristics, the component (B) may be a

15 compound selected from aromatic carboxylic acids and
aliphatic carboxylic acids having from 2 to 5 carbon
atoms, carboxylic acid metal salts, acidic phosphoric
acid esters and metal salts thereof, and 1, 2, 3-triazole
and derivatives thereof.

20 The following will explain the component (C) which
is a reaction medium which reversibly induces an electron
donating and accepting reaction between the above
components (A) and (B). Examples of the component (C)

include esters, ketones, ethers, alcohols, and acid

25 amides.
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| aurate, n-pentadecyl |aurate, n-pentyl nyristate, n- 20 heptyl nyristate,
n-nonyl myristate, n-undecyl nyristate, n-tridecyl nyristate, n-pentadecyl
nyri st at e¥OR0EENT8Es pal mtate, n-heptyl palmtate, n-noP§T/IRAVIGSHENE,
nundecyl palmtate, n-tridecyl palmtate, n-pentadecyl palmtate, n-nonyl
stearate, n-undecyl stearate, n- 25 tridecyl stearate, n-pentadecyl
stearate, n-nonyl eicosanoate, n-undecyl eicosanoate, n-tridecyl

ei cosanoat e, n-pentadecyl eicosanoate, n-nonyl behenate, n-undecyl
behenate, n-trideédgl thehepmpenenhd (@) pebhadecpaybketenaed. a5As t he ket ones,
al i phatic ketones having 10 or nore carbon atons in total are effective and
t here may lvanpextyildreddd-desdeeneompodadawbaeh didecdnoseyifh undecanone,
3-undecanone, 4-undecanone, 5-undecanone, 2- dodecanone, 3-dodecanone,

4- dodecanorhowindo e darare hyadtetestisi dhazaeheristic dgéthnergard to
2-tetradecanone, 2- pentadecanone, 8-pentadecanone, 2-hexadecanone, -

hexadecanore cd-dic plendddgidempeZaarbacdacaaona, cirvecpadecangna,
2- nonadecanone, 10-nonadecanone, 2- eicosanone, 1l1-ei cosanone,

2- henei 60s¥MAMye AN ARsity WatthOBE teRPdrat@2eOBBange is Al so,
there may be nentioned aryl al kyl ketones having from 12 to 24 carbon atons

in total, HFRRNY eetweellithdecasaphtaeae thi- keppasdatapaphgnone,
nhexadecanophenone n- pent adecanophenone, n- 20 tetradecanophenone,

4-n- dOdeca%ﬁﬁﬁﬁﬂﬁﬁﬂﬁﬂﬁ:aPh%MdQ%ﬁB@BQ%BQQes1ée”tB”QeﬁiaﬁaﬁéhBQPSEQBG
nl aur ophenone, “4- n- decanoacet ophenone, n-undecanophenone,

4-n-nonyl af‘sqtd%oa%@%e %%%C%%@Qe%ﬂae teépaes%&acggoeﬁsﬂaaa from a

n- nonanophenone, 4- ept yl acet ophenone, oct anophenodone, 4-n-
high temperature side to a low temperature side), is

10 capable of forming a reversible thermal discoloration
composition having a color-memory property, and shows a
AT value (melting point-cloud point) ranging from 5°C to
less than 50°C, for example, a carboxylic acid ester
containing a substituted aromatic ring in the molecule,

15 an ester of a carboxylic acid containing an unsubstituted
aromatic ring with an aliphatic alcohol having 10 or more
carbon atoms, a carboxylic acid ester containing a
cyclohexyl group in the molecule, an ester of a fatty
acid having 6 or more carbon atoms with an unsubstituted

20 aromatic alcohol or phenol, an ester of a fatty acid
having 8 or more carbon atoms with a branched aliphatic
alcohol, an ester of a dicarboxylic acid with an aromatic
alcohol or a branched aliphatic alcohol, dibenzyl
cinnamate, heptyl stearate, didecyl adipate, dilauryl

25 adipate, dimyristyl adipate, dicetyl adipate, distearyl.
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WO 2009/ 107855PCT/ JP2009/ 054100 hexyl acet ophenone,

4- n- cycl ohexyl acet ophenone, 4-tertbutyl propi ophenone, n-heptaphenone, 4-n-
pent yl acevoph®nioree cycl ohexyl phenyl ketone, benzyl n-BUOTAR20054108,

4- n- but yl acet ophenone, n-hexanophenone, 4- isobutyl acet ophenone,

1- acet onapht hone, 2-acetonaphthone, and cycl opentyl phenyl ketone.

As the ethers, aliphatic ethers having 10 or nore carbon atons in total are
effective and there may be nentioned di pentyl ether, dihexyl ether,

di heptyl etdtbipatd) dirddiagriet,hdringinietin, ettréstedirdecydimyirestidi,undecyl
et her, didodecyl ether, ditridecyl ether, ditetradecyl ether, dipentadecyl
et her, di hoemdEsteaatimer, di octadecyl ether, decanedi ol dinethyl ether
undecanedi ol di met hyl ether, dodecanedi ol dinethyl ether, tridecanediol 15
di net hyl ether, deaaadadielodieth¥htei/hacidaadtandecmpedhdl oBteihgd et her.
As the al cohols, aliphatic nonohydric saturated al cohols having 10 or nore
carbon at onfrdm dndlcld -dfumbRirleer H1iehatd d kenhehiydy ikealeshbonadviagy!

al cohol, 20 undecyl al cohol, dodecyl al cohol, tridecyl alcohol, tetradecyl

al cohol 5 peNtdeitle VaGPRH! atMAERY landlet@RChumbaptadatyphalteehol ,

oct adecyl al cohol, eicosyl alcohol, and docosyl al cohol.

the acid anfes e @Y hf EHIEE 2T kexaradbigouharhaianide,

oct anam de, nonanam de, decanam de, "undecanam de, | auryl am de,

tridecanamge,, My i) 38 deral Bl dg 2taar dBkdencan¢ rdpcgsanan de.

pentyl alcohol or n-heptyl alcohol and an even-numbered
aliphatic carboxylic acid having from 10 to 16 carbon

10 atoms are also effective.

Specifically, there may be mentioned n-pentadecyl
acetate, n-tridecyl butyrate, n-pentadecyl butyrate, n-
undecyl caproate,.n—tridecyl caproate, n-pentadecyl
caproate, n-nonyl caprylate, n-undecyl caprylate, n-

15 tridecyl caprylate, n-pentadecyl caprylate, n-heptyl
caprate, n-nonyl caprate, n-undecyl caprate, n-tridecyl
caprate, n-pentadecyl caprate, n-pentyl laurate, n-heptyl
laurate, n-nonyl laurate, n-undecyl laurate, n-tridecyl
laurate, n-pentadecyl laurate, n-pentyl myristate, n-

20 heptyl myristate, n-nonyl myristate, n-undecyl myristate,
n-tridecyl myristate, n-pentadecyl myristate, n-pentyl
palmitate, n-heptyl palmitate, n-nonyl palmitate, n-
undecyl palmitate, n-tridecyl palmitate, n—pentadécyl
palmitate, n-nonyl stearate, n-undecyl stearate, n-

25 tridecyl stearate, n—pentadech stearate, n-nonyl
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In addition, as the above conponent (C), a conmpound represented by the
followng formula (1) described in JP- 5 A-2006-137886 is suitably used: X
X  2.yo WOCHR/IPTSSET -0 --(d?Z (VOA>... (1) 10 wherei n RIPCHPrR2E8%ITHHa
hydrogen atom or a nmethyl group, mrepresents an integer of 0 to 2, either
one of X1 and X2 represents -(CH2).000R2 or -(CH2)nCOCR2 and the other
represents a hydrogen atom n represents an integer of 0 15 to 2, R2
represents an al kyl or al kenyl group, having from4 or nore carbon atons,
Yl and Y2 edchsampagesninsuadeygiogécoannsatan akkylidgeglp having from1l to
4 carbon atons, a nmethoxy group, or a halogen, and r and p each represents
an int eger edfcokandate ,2dApengateeytospevsdaocnaepr, eaenbagl bpehbratbpve
formula (1), the case where Rl is a hydrogen atomis preferred since the

reversi bl e n-hgidady1dibehehnatal,i anteeapeylt beRehate)JaddWhdpenbyaéeyesi s
width is obtained. Furthernore, the case where Rl is a hydrogen atomand m
is 25 0 isyachatesef erred.
5 As the ketones, aliphatic ketones having 10 or more
carbon atoms in total are effective and there may be
mentioned 2-decanone, 3-decanone, 4-decanone, 2-
undecanone, 3-undecanone, 4-undecanone, 5-undecanone, 2-
dodecanone, 3-dodecanone, 4-dodecanone, 5-dodecanone, 2-

10 tridecanone, 3-tridecanone, 2-tetradecanone, 2-
pentadecanone, 8-pentadecanone, 2-hexadecanone, 3-
hexadecanone, 9-heptadecanone, 2-pentadecanone, 2-
octadecanone, 2-nonadecanone, 10-nonadecaﬁone, 2-
eicosanone, ll-eicosanone, 2-heneicosanone, 2-docosanone,

15 1laurone, and stearone.

Also, there may be mentioned aryl alkyl ketones
having from 12 to 24 carbon atoms in total, for examples,
n-octadecanophenone, n-heptadecanophenone, n-
hexadecanophenone, n-pentadecanophenone, n-

20 tetradecanophenone, 4-n-dodecaacetophenone, n-
tridecanophenone, 4-n-undecanoacetophenone, n-
laurophenone, 4-n-decanoacetophenone, n-undecanophenone,
4-n-nonylacetophenone, n-decanophenone, 4-n-

'octylacetophenone, n-nonanophenone, 4-n-

25 heptylacetophenone, n-octanophenone, 4-n-
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In this connection, anong the conpounds represented by the fornmula (1), a
conpound represented by the following fornula (2) is nore preferably used:
(0)- cH2 WO 2@4/10783F:. - OCO- R( 2) wherei n R r epr esenP€TAP2089/S#1000r
al kenyl group, having 8 or nore carbon atons, and preferred is an al kyl
group 10 having from 10 to 24 carbon atons and nore preferred is an al kyl
group having from 12 to 22 carbon atons. Speci fic exanples of the
above conpounds nmay i ncl ude 4-benzyl oxyphenyl et hyl octanoate, 4-
hexylacetophenone, 4-n-cyclohexylacetophenone, 4-tert-
butylpropiophenone, n-heptaphenone, 4-n-
pentylacetophenone, cyclohexyl phenyl ketone, benzyl n-
butyl ketone, 4-n-butylacetophenone, n-hexanophenone, 4-
5 isobutylacetophenone, l-acetonaphthone, 2-acetonaphthone,
and cyclopentyl phenyl ketone.
As the ethers, aliphatic ethers having 10 or more
carbon atoms in total are effective and there may be
mentioned dipentyl ether, dihexyl ether, diheptyl ether,
10 dioctyl ether, dinonyl ether, didecyl ether, diundecyl
ether, didodecyl ether, ditridecyl ether, ditetradecyl
ether, dipentadecyl ether, dihexadecyl ether, dioctadecyl
ether, decanediol dimethyl ether, undecanediol dimethyl
ether, dodecanediol dimethyl ether, tridecanediol
15 dimethyl ether, decanediol diethyl ether, and
undecanediol diethyl ether.
As the alcohols, aliphatic monohydric saturated
alcohols having 10 or more carbon atoms in total are
effective and there may be mentioned decyl alcohol,
20 undecyl alcohol, dodecyl alcohol, tridecyl alcohol,
tetradecyl alcohol, pentadecyl alcohol, hexadecyl alcohol,
heptadecyl alcohol, octadecyl alcohol, eicosyl alcohol,
and docosyl alcohol.

As the acid amides, there may be mentioned

25 hexanamide, heptanamide, octanamide, nonanamide,
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benzyl oxyphenyl et hyl nonanoate, 4-benzyl oxyphenyl ethyl 15 decanoat e,

4- benzyl oxyphenyl et hyl undecanoate, 4- benzyl oxyphenyl et hyl dodecanoate,

4- benzyl oX9pbwrrssshyl tri decanoate, 4-benzyl oxyphenyl ePGIIPWe(SA8canoat e,
4- benzyl oxyphenyl et hyl pent adecanoate, 4- benzyl oxyphenyl et hyl
hexadecanoate, 4- 20 benzyl oxyphenyl et hyl heptadecanoate, and 4-

benzyl oxyphenyl et hyl octadecanoate. Furt hernore, as the above
conmponent (C), a conpound represented by the followi ng fornula (3)

descri bed idechPafi-d2(0antetemanmide bd aalryd amdiee:, 2ridekenamnd®,represents
an al kyl or al kenyl group, having 8 or nore carbon atons, mand n each

r epr esent s nyriistiafrgele, 1 padimitaimi de, Xtaadadiedaghahdpteseshnamiligdr ogen
atom an al kyl group having from1l to 4 carbon atom an al koxy group havi ng
from1l to 4 carbonnabaditadd,aaBakhgeabatrencomponent EPEFI &1 Gompaundies of

t he above conmpound i nclude 1, 1-di phenyl net hyl octanoate, 1, 1-di phenyl net hyl

15 nonanoatwsprbsbrtideh @Ry iR Fu11de6ag0Femulal-(19i geeayiBBENYh JP-
undecanoat e, 1 1- dlphenylnethyl dodecanoat e, 1, 1-di phenyl net hyl

tri decapoatxe.2obel Figyenyy Rtikebitelisadecanoat e, 1, 1-di phenyl net hyl
pent adecanoat e, 1, 1-di phenyl net hyl "hexadecanoate, 1,1- 20 di phenyl net hyl

hept adecanoat e, and 1, 1-di phenyl net hyl oct adecanoat e.

X1
@ (CHz)m—CH o@ 1)
(Y1), (Y2)e

wherein R; represents a hydrogen atom or a methyl group, m

10

represents an integer of 0 to 2, either one of X; and X,
represents - (CH,),OCOR; or -(CH;),COOR, and the other
represents a hydrogen atom, n represents an integer of 0

15 to 2, R; represents an alkyl or alkenyl group, having from
4 or more carbon atoms, Y; and Y, each represents a
hydrogen atom, an alkyl group having from 1 to 4 carbon
atoms, a methoxy group, or a halogen, and r and p each
represents an integer of 1 to 3.

20 Among the compounds represented by the above
formula (1), the case»where R; is a hydrogen atom is
preferred since the reversible thermal discoloration
composition having a wider hysteresis width is obtained.
Furthermore, the case where R; is a hydrogen atom and m is

25 0 is more preferred.
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In addition, as the above conponent (C), a conmpound represented by the
followng formula (4) can be also used: 25 wherein X represents any of a
hydr ogen WOan9/18785al kyl group having 1 to 4 carbon at onBCT/aP26e/ (3K gr oup,
and a hal ogen atom mrepresents an integer of 1 to 3, and n 10 represents
an integer of 1 to 20. Exanpl es of the above conpound may i ncl ude
diester of malonic acid with 2-[4-(4- chl orobenzyl oxy) phenyl ] et hanol ,

di ester of succinic acid with 2-(4-benzyl oxyphenyl)ethanol, diester of
succinic 15 aci d ©ht bh2s[ defiBeatidy| bamayg oklye ptemydlrdds anapreskeretstdr of
glutaric acid with 2-(4-benzyl oxyphenyl)ethanol, diester of glutaric acid
Wi th 2-[4- b4 thied doatmiayl(Qyy) ahebmpbbahdarepredeasedr bygf thdi pic acid wth
2- (4- benzyl oxyphenyl ) et hanol, diester of pinmelic 20 acid with

2- (4- benzylrpuphaemy rerhanal (29i est pbref praberablgcudedit h

2- (4- benzyl oxyphenyl ) et hanol , diester of suberic acid with 2-(4-(3-

nmet hyl benzyl oxy) phenyl | et hanol , di ester of suberic acid with

2-(4-(4-chl orpb yl oxy) phenyl ] pthanol , di ester of 25 suberic acid with

2-[ 4- (254-
CHz—CHz—OCO—R (2)

wherein R represents an alkyl or alkenyl group, having 8

or more carbon atoms, and preferred is an alkyl group
10 having from 10 to 24 carbon atoms and more preferred is
an alkyl group having from 12 to 22 carbon atoms.
Specific examples of the above compounds may
include 4-benzyloxyphenylethyl octanoate, 4-
benzyloxyphenylethyl nonanoate, 4-benzyloxyphenylethyl
15 decanocate, 4-benzyloxyphenylethyl undecanocate, 4-
benzyloxyphenylethyl dodecanoate, 4-benzyloxyphenylethyl
tridecanoate, 4-benzyloxyphenylethyl tetradecanoate, 4-
benzyloxyphenylethyl pentadecanoate, 4-
benzyloxyphenylethyl hexadecanocate, 4-
20 benzyloxyphenylethyl heptadecanoate, and 4-
benzyloxyphenylethyl octadecanoate.
Furthermore, as the above component (C), a compound
represented by the following formula (3) described in JP-
A-2006-188660 can be also used:

25
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WO 2009/ 107855PCT/ JP2009/ 054100 di chl or obenzyl oxy) phenyl ] et hanol , di ester
of azelaic acid with 2-(4-benzyl oxyphenyl)ethanol, diester of sebacic acid
wi th 2- (woenwylomssyphenyl ) et hanol , diester of 1,10- decaG&dpPwas/axedl i c acid
wi th 2-(4-benzyl oxyphenyl)ethanol, 5 diester of 1,18-octadecanedi carboxylic
acid with 2-(4- benzyl oxyphenyl)ethanol, and diester of 1, 18-

oct adecanedi carboxylic acid with 2-[4-(2- nethyl benzyl oxy) phenyl ] et hanol . .
Furthernore, there can be applied a heat-coloring 10 type m crocapsul e

pi gnent i ncl udixg(X)meversible thermal discoloration conposition using a
specific al ke ol conmpound having a |inear or branched al kyl group
havi ng from § carbon atons (JP-A-11-129623), a specific

hydr oxybenzo d ester (JP-A-2001-105732), a gallic 15 acid ester

(JP- A-2003- 2531¢9), or the like as the el ectron accepting conpound (see
FIG 3). Though the ratig.of the above conponents (A), (B) and (O
to be m xed 'ﬁé“&rﬂjg)éﬁ ﬂfg conce@t)r ation, discoloration tenperature,

di scol orati on npde and ki nd of 20 each conponent, the conponent ratio at

whi ch desired-T ol oration characteristics can be-generally obtained is in
t he range of | 50, preferably 0.5 to 20 of the conponent (B), and in
the range of E:;’ 800, preferably from5 to 200 of the conponent (C), based
on 1 of the 25™Owppnent (A) (each of the aforenentioned ratios is WO
2009/ 107855PCT/ JP2009/ 054100

wherein R represents an alkyl or alkenyl group, having 8
or more carbon atoms, m and n each represents an integer
10 of 1 to 3, X and Y each represents a hydrogen atom, an
alkyl group having from 1 to 4 carbon atom, an alkoxy
group having from 1 to 4 carbon atom, and a halogen atom.
Specific examples of the above compound include
1,1-diphenylmethyl octanoate, 1,1-diphenylmethyl
15 nonanoate, 1,l-diphenylmethyl decanoate, 1,1-
diphenylmethyl undecanoate, 1,l1-diphenylmethyl
dodecanoate, 1,l1-diphenylmethyl tridecanoate, 1,1-
diphenylmethyl tetradecanoate, 1,l1-diphenylmethyl
pentadecanocate, 1,l1-diphenylmethyl hexadecanocate, 1,1-
20 diphenylmethyl heptadecanoate, and 1,1-diphenylmethyl
octadecanoate.
In addition, as‘the above component (C), a compound
represented by the following formula (4) can be also
used:

25
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expressed as part(s) by nass). In this regard, it is also possible
to cause interchangeabl e color change froma color (1) to a color (2) by

i ncor por VOREEIAIESPori ng agent such as a non- 5 t her noch€BHIR200U5e80Uf f  Or
pigment into the above reversible thermal discoloration mcrocapsule

pi gment or ink. Exanpl es of the m croencapsul ati on nethod of the
above reversible thermal discoloration conposition 10 include interfacial
pol ymeri zation, interfacial polycondensation, in.situ polynerization,

subner ged coat hardenlng, phage separat i/on~f rom an aqueous sol uti on, phase
separation f tg{aml ' @ per si on cool i ng, aeri al
suspensi on c? |ng p ) gan be sel ected as needed,
dependi ng onlthe using purpose. on, M X@mm crocapsul es can be

subj ected tOHpdgti cal use by further giving durability an nodi fyi ng
surface char?cteristics in sponse to t obj ect through Ae arr angenent

of a seconda resin at | ce. Wth regard to the
formof the S%Ebﬁ(#ﬁﬂﬁg pi application of a form having a
round cgoss-section is not used but ‘$§V|ng a non-round
cross-section is effective. 25The handwiting fofned by witing is densely
arranged and fixed to a surface to be witten with close contact of the
above m crocapsul e pignment at the |ong dianmeter side (maxi mum outer
di aneter 'si | [ terjs 1Al so,
agai nst an@% H%T?Q %Fggggspgﬂghk¥b hgdkggﬁ %EQ@ g%légﬁ%y r ubbi ng
wth a frlctlona bod iugg S ru the above crocapsul e goent

| fo

subtly undé?ﬁ%%% @W&? rﬁﬁfl PEPES EhESEH?EVaQF Bpfh%g%x?ernal
force, the dQ§tr%y %f t he wal | n%rane of . the nl%rgcggsgleaggsnsuppressed,

and om, m represents an integer o

10 represents an integer of 1 to 20.
Examples of the above compound may include diester

of malonic acid with 2-[4-(4-
chlorobenzyloxy) phenyl ]Jethanol, diester of succinic acid
with 2-(4-benzyloxyphenvyl)ethanol, diester of succinic

15 acid with 2-[4-(3-methylbenzyloxy)phenyl]ethanol, diester
of glutaric acid with 2-(4-benzyloxyphenyl)ethanol,
diester of glutaric acid with 2-[4-(4-
chlorobenzyloxy)phenyl Jethanol, diester of adipic acid
with 2-(4-benzyloxyphenyl)ethanol, diester of pimelic

20 acid with 2-(4-benzyloxyphenyl)ethanol, diesﬁer of
suberic acid with 2-(4-benzyloxyphenyl)ethanol, diester
of suberic acid with 2-[4-(3-
methylbenzyloxy) phenyl Jethanol, diester of suberic acid
with 2-[4-(4-chlorobenzyloxy)phenyl]ethanol, diester of

25 suberic acid with 2-[4-(2,4-
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10 the thermal discoloration function thereof can be effectively expressed
W t hout inpairing the function. It is preferred that the above

m cr ocapsWDeVigmsat havi ng a non-round cross-secti on hBETdP0aveaiye val ue
of the maxi mum outer dianmeter within the range of 0.5 to 5.0 15 pm
preferably 1 to 4 pm nore preferably 1 to 3 gmand satisfies the

requi renent that the ratio of the reversible thermal discoloration
conposition:wall nmenbrane falls within the range of 7:1 to 1:1 (ratio by

mass), prebdichllordbehzivd oky) phidWigethhtodyeHage teal BE akellh&cmasidum out er
di aneter exceeds 5.0 gm decrease in effluence fromcapillary interstices

tends to OgGlth 2whid-Beamgn hanoljeehuablle afiekitermaxi gamacticer di aneter
is less than 0.5 pm a high-density coloring characteristic is hardly 25

obt ai ned. WPLQQYh] LRI REeHz4T2RYPhea¢19@thanol , dmggﬁekh%frqtﬂg of the

reversi ble thermal discoloration conmpoSition to the wal | menbrane is | ar ger

than the abpwe %% rBde Vet | 2 BEEDLARG bﬁﬁpﬁﬁéeﬁgylwyahéﬂgwseasnescrease

in durablllty agai nst pressure and 5 heat is apt to occur, | e when 't

ratio of thg uqld, LT aRe 18 AR LEURE E&Bbﬁgﬁ%r apl (i3 64 Qr Qg' on

conpositionis arger t'han the above range, decrease in col or density and

shar pness Fb gil %%&&182&%a%% ve b v E%EQ % B?e?é|b di scol oration 10

m crocapsu prgme € 1 ncorpora anount of the ink

o M¥ U8 wac@r%&e;&ef&%né%‘?wa’- e 201 10 (0 40% by s,
methylbenzyloxy)phenyl]ethanol.

Furthermore, there can be applied a heat-coloring

10 type microcapsule pigment including a :eversible thermal
discoloration composition using a specific alkoxyphenol
compound having a linear or branched alkyl group having
from 3 to 18 carbon atoms (JP-A-11-129623), a specific
hydroxybenzoic acid ester (JP-A-2001-105732), a gallic

15 acid ester (JP-A-2003-253149), or the like as the
electron accepting compound (see FIG. 3).

Though the ratio of the above components (A), (B)
and (C) to be mixed depends on the concentration,
discoloration temperature, discoloration mode and kind of

20 each component, the component ratio at which desired
discoloration characteristics can be generally obtained
is in the range of 0.1 to 50, preferably 0.5 to 20 of the
component (B), and in the range of 1 to 800, preferably

from 5 to 200 of the component (C), based on 1 of the

25 component (A) (each of the aforementioned ratios is
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When the anpbunt is |ess than 5% by mass, the color 15 density is
insufficient, while when it exceeds 40% by nass, ink effluence decreases
and hencevonpayw1gssper f or mance i s i nhibited. RETUPWONEHiIWM t 0 be
used in the above ink, water and, if necessary, a water-soluble organic
solvent are 20 used. As the above water-sol uble organic solvent, for
exanpl e, ethanol, propanol, butanol, glycerin, sorbitol, triethanol am ne,
di et hanol am ne, nonoet hanol am ne, ethyl ene glycol, diethylene glycol,

t hi odi et hyleaipeeglspaobs parkqisyetlyymare)gl ycol, propyl ene glycol, butylene
gl ycol, ethylene glycol nononethyl ether, ethylene glycol nonoethyl ether,

ethyl ene glycol mprobHt ¥l reghes, deetbyhess Bbysob180RNBEKYE et her,
di et hyl ene gl ycol nonoet hyl et her | di et hyl ene gl ycol nonobutyl ether 5

propyl ene ghyeol-napaehusy c%tlbﬁr chahigw %eemglayeehogmmekeyh ebhgy acetate,
sul fol ane, 2-pyrrolidone, Nnethyl-2-pyrrolidone, or the |ike may be used.

N this COMBECH00, RRaEatlifg BeEhbtAALEEK O ubRe ol ar geaRsul e pi gment

including a reversible"t erna Sco I on conposition having a | arge

hyster es's sl ASIRAl Letesede Lo uiantaL AL SRl UDLBCgROaNT ¢ sol ven

havi ng a specific gravity-of nore IS prefera enpl oyed.

reversible thermal discoloration microcapsule pigment or
ink.

Examples of the microencapsulation method of the
above reversible thermal discoloration composition

10 include interfacial polymerization, interfacial
polycondensation, in situ polymerization, submerged coat
hardening, phase separation from an aqueous solution,
phase separation from an organic solvent, melt dispersion
cooling, aerial suspension coating and spray drying. It

15 can be selected as needed, depending on the using purpose.
In addition, the microcapsules can be subjected to
practical use‘by further giving durability and modifying
surface characteristics in response to the object through
the arrangement of a secondary resin coating on the

20 surface.

With regard to the form of the above microcapsule
pigment, the application of a form having a round cross-
section is not refused but a form having a non-round
cross-section is effective.

25 _ The handwriting formed by writing is densely
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By adding a water-sol uble polynmer flocculent into 15 the above ink, the

fl occul ent induces a | oose crosslinking action between particles of the

m cr ocapswWDeop/igisat , t hereby a | oose fl occul at ed st at ePOEIPYOSHBMY. An i nk
showi ng such a | oose floccul ated state can suppress the separation of the

m crocapsul e pignent. 20As the above pol yner floccul ent, a water-sol uble
polymer is used and exanpl es thereof include polyvinylpyrrolidone,

pol yet hyl ene oxi de, and wat er-sol ubl e pol ysacchari des. The
above wat earzahgybteandl ysredhesi desurfiabedeobet wagatant Wi ghinglgs@ar gum

pul l'ul an, cycl odextrin, and water-soluble cellulose derivatives. Specific

exanmpl es otohltacwaber thal dbbeeChi trbespsdeei piineas atcthdelong
met hyl cel | ul ose, hydroxyet hyl cel | ul ose, hydroxypropyl cel | ul ose,

hydr oxyet hyh grblgkcaibal easximid Sub¥dr axxneeay! sea8y! €6 sHbRSE. In
the reversible thermal discoloration aqueous ink conposition of the

i nvention, habh-HRAsVelebot8k iR ecRREYABES §80che RIBLOYSGasAstasnas they
show t he | ooSe croslinking action between the particles of the 10

niCrOCQ?SUEQFEEQEEHEPQH%G%%?lPQ&tEgukﬁé’aﬁ?ﬁ@tﬁéﬁagfyéiﬂ?cﬁ§lUlose

derivative efrectively 1 ons. is connection, two or nore

kinds of thg ahqye.RehyueE.fLeesHLRNb8ag2Bubf 4SedubBefOMPhaaL58 e

microcapsule pigment subtly undergoes elastic deformation
into a shape relaxing the external force, the destroy of
the wall membrane of the microcapsule was suppressed, and

10 the thermal discoloration function thereof can be
effectively expressed without impairing the function.

It is preferred that the above microcapsule pigment
having a non-round cross-section has an average value of
the maximum outer diameter within the range of 0.5 to 5.0

15 um, preferably 1 to 4 um, more preferably 1 to 3 um and
satisfies the requirement that the ratio of the
reversible thermal discoloration composition:wall
membrane falls within the r;nge of 7:1 to 1:1 (ratio by
mass), preferably 6:1 to 1:1.

20 When the average value of the maximum outer
diameter exceeds 5.0 um, decrease in effluence from
capillary interstices tends to occur, while when the
average value of the maximum outer diameter is less fhan
0.5 um, a high-density coloring characteristic is hardly

25 obtained.
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By conbi ned use of a conb-type pol yner di spersant 15 having a carboxyl
group in the side chain and an organic nitrogen sul fur conpound toget her

wi th t he wibav®/wesyner fl occul ant, the dispersibility oPCHIPWOFes4id0occul at e
of the m crocapsul e pignent induced by the above polymer flocculant is

i nproved. 20The conb-type pol yner dispersant having a carboxyl group in the
side chain is not particularly limted so far as it is a conb-type pol yner
conmpound having a plurality of carboxyl groups in the side chain but an
acrylic polymer oo utitk heatig of pthe aldversfbleartimeyal?5 groups in the
side chain is preferred. As the conpound, trade name: Sol sparse 43000

manuf act ur @gdsby1bhtidnl cdipasitien €anthe wEIl i namisrase alls exangee.
The above organic nitrogen sul fur conpound further suppresses the

preci pi t at {QRn OfhbhenBer PSARE Y Enei GEED  mEmbAEWE SleSmes DESS | EHIL L t he
time when the ink conposition is filled into a witing inplenent for

practical L3 hence dectBhSel SnbaaPuse1l Bp SeaDOMRtpEesshee a@roves (he
di spersibility of glsper5|ng the | oose flocculate of the m crocapsul e

PLOTEnS IHE SECHEE 06 SHERED i Y8R PR b G R sy 0
membrane to the reversible thermal discoloration
composition is larger than the above range, decrease in
color density and sharpness tends to occur.

The above reversible thermal discoloration

10 microcapsule pigment may be incorporated to the total
amount of the ink composition in an amount of 5 to 40% by
mass, preferably 10 to 40% by mass, further preferably 10
to 30% by mass.

When the amount is less than 5% by mass, the color

15 density is insufficient, while when it exceeds 40% by
mass, ink effluence decreases and hence writing
performance is inhibited.

As the medium to be used in the above ink, water
and, if necessary, a water-soluble organic solvent are

20 used.

As the above water-soluble organic solvent, for
example, ethanol, propanol, butanol, glycefin, sorbitol,
triethanolamine, diethanolamine, monoethanolamine,
ethylene glycol, diethylene glycol, thiodiethylene glycol,

25 polyethylene glycol, propylene glycol, butylene glycol,
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As the organic nitrogen sul fur conmpound, a conpound selected fromthiazole
conpounds, i sothiazol e conpounds, benzothi azol e conpounds, and

benzi sot Weaz2evao0tssipounds 15 nay be used. As t heCoaBA9/eS4mi0t r ogen
sul fur compound, specifically, one or two or nore conpounds selected from
2-(4-thiazoyl)-benzi m dazole (TBZ), 2-

(t hi ocyanat onet hyl t hi o) - 1, 3- benzot hi azol e (TCMIB), 2- 20

met hyl - 4-i sot hi azol i n- 3-one, and 5-chl oro-2-net hyl-4- isothiazolin-3-one
may be usedthlepecheiabllymonbme@hylWathernppeehgdanaugigcstl ected from
2-(4-thiazoyl)- benzimdazole (TBZ), 2-nethyl-4-isothiazolin-3-one, and
5-chl or o- 2m@BbBYhyd- be8bR, a2ehi/NeRe0geydBY R6nubatyl 28ExKaspl es of the above
organi ¢ nitrogen sul fur conpound nmay I nclude trade nanes: Topside 88, 133,

170, 220, é&%th§@@3e489 c820mofiBRe th99Ze tHAL, andih Qeﬂangiﬁééyred by

Par machem Asi a; "and trade nanes: Hokustar HP and E50A, Hokusi de P200, 6500,

7400, MC, %@%oeiﬁgl1§thér%SQigﬁﬂyiéﬁ%u?%chY HBkkBubgno¥enER, , Ltd.

In this connection, the mass ratio o e above conb-type pol yner

i trogen SETPEYana GAKESE holbBby} "ekhEr] SEngIBhE BRVEDE D171 o 15,
When the 10 rati | L.t hi a e, ot j jbiliity of the
0 %8&§tﬁ%hék fi0.Lbe QBY%OEQBQ 2 ?ﬁggbfPﬁéﬁé &

ONoO] .
| oose floccalant € mcrocapsul e pi gnent an suppr es§i on of

precipitation, of the mcrocapsul e pigment.induced by_vyibration can be
sufficientF?tEYEi%in ?°4ﬁ§°§86v8rw§ﬁ8r?§§Fu8?¥ gss¥ﬁe?S added for 15
i nparting adhesivine g.and viscgsity tp a PERE" surface and SO Pas a
function of enhan ?ng 17eCSPABFH Y oF1PRE i€ Speciliic gravity o

the microcapsule pigment including a reversible thermal

10 discoloration composition having a large hysteresis width
generally exceeds 1, the water-soluble organic solvent
having a specific gravity of more than 1.1 is preferably
employed.

By adding a water-soluble polymer flocculant into

15 the above ink, the flocculant induces a loose
crosslinking action between particles of the microcapsule
pigment, thereby a loose flocculated state being shown.
An ink showing such a loose flocculated state can
suppress the separation of the microcapsule pigment.

20 As the above polymer flocculant, a water-soluble
polymer is used and examples thereof include
polyvinylpyrrolidone, polyethylene oxide, and water-
soluble polysaccharides.

The above water-soluble polysaccharides include

25 tragacanth gum, guar gum, pullulan, cyclodextrin, and
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above conb-type pol ynmer dispersant having a carboxyl group in the side
chain and the organic nitrogen sul fur conpound in the ink. 20Exanpl es of
t he wat erweabuhlogsssesi n i ncl ude al kyd resins, acrylic r & TAB009/054100
styrene-mal ei ¢ acid copol yners, cellul ose derivatives,

pol yvi nyl pyrrolidone, polyvinyl alcohol, and dextrin, and preferably,

pol yvi nyl al cohol is used. 25Furthernore, as the polyvinyl alcohol, a
partially saponified polyvinyl alcohol having a saponification degree of
70 to 89% lwma te-sicd ubdee cplldiudbakl Yettsedtiivase | Spegifiehexampibgbility
even when the ink is in an acidic region. 5As for the anount of the above

wat er - sol ukife thes wateirt-siod ubdde del DulokbedeRk vakigasaiheludeangi ng from 0. 3
to 3.0% by mass, preferably 0.5 to 1.5% by nass. By controlling the

pH of the akenglicel1eadres hyarokgedhi/2céiipnetearably 4 to 6, nore
preferably 5 to 6, the 10 floccul ation and precipitation of the contained

reversiblehgageagbr@bgqabqn@ubga,nh geeapethg1mbeRBIbell Mudok@Y haApPerature
vgen ?ﬁe pa Ay foeytulosd

regi on can be suppressed. exceeds 7, the ink effluence

tends t9 beyurRaVEopRimehtayiicaB1Wigethe ink is allowed to stand 15 in a
| ow tenperafure fegion, i.e’, a tenperature region where the ink is frozen

Al 'so, when the pHyjs¢hgs e%gﬂgiéletgﬁefﬁéfr.fgc8f§£3918ﬁi§%%§%§%digf

reversi bl e thermal discoloration agqueous 1 nk conposition I in the

capsul e 15 B engtheled Al NIAGEntIShS UBY BhbSRaRedsBigR1EM that 2 col or

remai ns at

polymers can be employed so far as they show the loose
croslinking action between the particles of the
10 microcapsule pigment but, in particular, a water-soluble
cellulose derivative effectively functions.
In this connection, two or more kinds of the above
polymer flocculants can be used in combination.
By combined use of a comb-type polymer dispersant
15 having a carboxyl group in the side chain and an organic
nitrogen sulfur compound together with the above polymer
flocculant, the dispersibility of a loose flocculate of
the microcapsule pigment induced by the above polymer
flocculant is improved.
20 The comb-type polymer dispersant having a carboxyl
group in the side chain is not particularly limited so
far as it is a comb-type polymer compound having a
plurality of carboxyl groups in the side chain but an
acrylic polymer compound having a plurality of carboxyl

25 groups in the side chain is preferred. As the compound,
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The above ink conmposition is controlled in its surface tension within the
range of 25 to 45 mMN'm preferably 30 to 45 MV m nore preferably 30 to 40
nmMV/ m By wWonneolor§sag t he surface tension within the aboP€TAB200HNGEN0 pat chy
touching at witing hardly occurs, the ink W) 2009/ 107855PCT/ JP2009/ 054100
effluence is not inpaired even when the conposition is allowed to stand in
a tenperature region |ower than OC where the ink is frozen or allowed to
stand at a high tenperature region, e.g., under an environnent of 50C, 5
and unevennazsld hahendsolispagsdedSony matufacturgdnwbgt hubbependi ng on t he
storage environnment and use environment hardly occurs. When t he

surface tenipah Lid.egant BRNméntibhad tleannkexampleence tends to be
unstabl e and the handwiting 10 density becones uneven. Al so, when the

surface tension eyreedbode Bbyahiki Aetbhgaki BE1taPdechpPo@R8UFudtiHed! SO the
i nk effluence decreases under the storage environnent and use environnent

descri bed ahpyestle ehit Heeicapitalt) diaedvithil HdcleBsbiu1angs yaexenness in

witing width being 15 apt to occur. In addition, if necessary,

there mgy heqused 3 WikshtivucR tasnRerinll LWaed! enet Qhy! Eehgagh%ion _

di cycl ohexyl anmoniumnitrite, diisopropylamoniumnitrite, and saponin;

vetting agqgt%iﬁggﬁ aﬁtgrgawr&Qﬁhgnhﬁplement for practical use.

This is because the compound further improves the
dispersibility of dispersing the loose flocculate of the
microcapsule pigment by the action of the comb-type

10 polymer dispersant having a carboxyl group in the side
chain. |

As the organic nitrogen sulfur compound, a compound
selected from thiazole compounds, isothiazole compounds,
benzothiazole compounds, and benzisothiazole compounds

15 may be used.

As the organic nitrogen sulfur compound,
specifically, one or two or more compounds selected from
2-(4-thiazoyl) -benzimidazole (TBZ), 2-
(thiocyanatomethylthio)-1,3-benzothiazole (TCMTB), 2-

20 methyl-4-isothiazolin-3-one, and 5-chloro-2-methyl-4-
isothiazolin-3~one may be used and preferably, one or two
or more compounds selected from 2-(4-thiazoyl) -
benzimidazole (TBZ), 2-methyl-4-isothiazolin-3-one, and
5-chloro-2-methyl-4-isothiazolin-3-one may be used.

25 Examples of the above organic nitrogen sulfur
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20 surfactants, reduced or unreduced starch hydrol yzates, disaccharides

i ncl udi ng trehal ose, oligosaccharides, sucrose, cyclodextrins, glucose,

dext ri ns,Weapl10mss manni tol , and sodi um pyrophosphat e; PAEBAAY/OF1EgeNt S;
fluorine-based surfactants and nonionic surfactants which 25 inprove
permeability of the ink. As the pen body, a marking pen is
suitable and a pen body such as a fiber tip, a felt tip, and a plastic tip
may be nentioned. Mreover, a brush pen body or a ball-point pen body 5 may

be used. ExampbfdOhayhenblugé peadEOANméSE| DEpsidéi B8] TBB| ertdye body in
which fibers are closely bundled each other in a |ongitudinal direction, a

plastic popogs bedy Bewi,ngoeoPnsoOI0E60YOTdeZ, agbber aRdl gsbused or resin
processed body of a synthetlc resin fiber, and an 10 extrusion processed

body of a ﬁgﬁthEEtharb?nngﬂﬁéﬂgﬁrA51a, and E¥848! Ramek : t BEkHsthr pOI Nt
pen include a pen in which a netal is cut to forma baII-rece|V|ng seat and

an ink-effpgenp qPasba, ﬁgkas%a bﬁoy;l 6906 Phabe! i ¥, 08ebNWaRG RL Ot r uded

parts are prOV| e I nner sur 15" near fo one end of a netal pipe

by extesnal ggr guggF ﬁggkbngagé$£u§gt gapg.radially extending

out war fron1t cen par diréettron are fornmed between the

i ndi vi dual above in rd p‘-'r'g‘:[[‘rr‘eug&ba'ﬂ r&?é ,EQJQG %@_{OA QFI& nag(p@ef above

bal | -point pen is Bfrect| cenen car bi ai nl ess
o ef or KBTD-57R%1 BOLYBeF R AP ES APl BPHBPG B SFBOLYD WHEURSIR this
prefer 5t this
connection, LNe;320¢R.02 LoPRha' oPSan TR ni YR80 54 82 EGpdhA] 25 054100
from 1:1 to 1:10, preferably from 1:1 to 1:5. When the

10 ratio falls within the above range, the dispersibility of
the loose flocculant of the microcapsule pigment and the
suppression of precipitation of the microcapsule pigment
induced by vibration can be sufficiently exhibited.

The above water-soluble resin is added for

15 imparting adhesiveness and viscosity to a paper surface
and also has a function of enhancing the stability of the
above comb-type polymer dispersant having a carboxyl
group in the side chain and the organic nitrogen sulfur
compound in the ink.

20 Examples of the water-soluble resin include alkyd
resins, acrylic resins, styrene-maleic acid copolymers,
cellulose derivatives, polyvinylpyrrolidone, polyvinyl
alcohol, and dextrin, and preferably, polyvinyl alcohol
is used.

25 Furthermore, as the polyvinyl alcohol, a partially
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have a constitution wherein a snappi ng menber which snaps the rear part of
the ball forward is provided so that the ball is pressed to the inner rim
of front WAQRIWI1078%8 pen body to be in a closely contact 8BITIPZOL0Z00
non-witing 5 and the ball is retracted by witing pressure to enable the
effluence of the ink at witing. For the above barrel, a nol ded
body conposed of a thernoplastic resin such as pol yet hyl ene, pol ypropyl ene,
pol yet hyl ene terephthalate, or Nylon is suitably enpl oyed. 10Moreover, as
the struct saponifikbd poilyvigylnpleobol bawiagnangapbrifiboationk
conposition, there may be nentioned a direct liquid type witing inplenment
havi ng a stegegdr efwier ecas9gl be melhasi moresppederdbllyi nsélesbaceel and
the ink in the barrel is delivered to the pen 15 body due to opening of the
val ve or ajidi f8CtikhqihdsbYBiM t{/i 8gehWheéAethe ik Ngsaift anct ure where
the ink is directly contained inside the barrel and an ink flowcontrolling
menber havgegdggngegmgae grooves or an ink flowcontrolling nenber conposed
of a fiber bundle 20 intervenes is contained therein. However, suitable is

an innef - waddi ng AYPESKN thé NSmbiRE CHEEhd AbiMe St CeH EoVESEEs B, | Nk
occl usi on body conposed of a fiber bundle to be contained in the barrel is

| npregnat eqdy W Lhalihgyl ghttﬁatﬁsniﬁiadxni SnTAMBhLAH egn%bﬁ?wﬂ:&nng.ﬁr pgt part,

and the 25 rear part o e pen body comes into contact with the ink
occl U2t on HoAk B LMY BEe¥LamEon0Chlng BF e mae. | 1€, above |k
cCover body such aBY aoprEe LR pEng P8 ok | ol ibkn Tk SRR o0 1) 1o
body may bECatngS: dn- FPSEEEERATL) FBsn PBPGecoePRg-oP Hod: tPur ofte
brocess) g 8 Lastigl?8hy Qb tLkE 10 g enduriLag formed with 2
reversible thermal discoloration microcapsule pigment in
a low temperature region can be suppressed.
When the pH exceeds 7, the ink effluence tends to
be impaired at the time when the ink is allowed to stand
15 in a low temperature region, i.e., a temperature region
where the ink is frozen. Also, when the pH is less than
3, the coloring characteristic of the reversible thermal
discoloration aqueous ink composition included in the
capsule is strengthened and hence there may arise a
20 problem that a color femains at decoloring.
The above ink composition is controlled in its
surface tension within the range of 25 to 45 mN/m,
preferably 30 to 45 mN/m, more preferably 30 to 40 mN/m.

By controlling the surface tension within the above

25 range, patchy touching at writing hardly occurs, the ink
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contai ning the above ink conposition can be discol ored by rubbing
with a finger or '"application of a heating inplenment or a cooling

i mpl ement WEXEHH78% of the above heating tool include BCWEPEEMEHERI ng
t hermal discoloration inplenment equipped with a resistor heating
body, a heating discoloration inplement filled with hot water or the
| i ke, and application of hair drier. Preferably, a frictional

menber or a frictional body capable of discoloration by a 20
convent i ona¢ffiatdrask dwynbt impaired even when Adbeyvecrppei FurRllSrenber
or frictional body is suitably an elastic body such as an el ast oner
or a pl astial¥wesd ricclstandeinsai terfpeta tureanggdapabbeenf thpmel st i ng
appropriate friction at rubbing to produce 25 frictional heat but my
be a pl ast iwhemd ddwe iR 2608+42F856PGIYIIPEDF054208 dbdy, higktone, a
wood, a netal, or a fabric. In this connection, the handwiting can
be rubbed byemmanswf xegitmeraser, budesiarcenyirennént hef 5€er are

generated at rubbing, the frictional nenber as 5 nentioned above is
preferald y arsddinevenness in handwriting density and writing width

depending on the storage environment and use environment
hardly occurs.

When the surface tension is less than 25 mN/m, the
ink effluence tends to be unstable and the handwriting

10 density becomes uneven. Also, when the surface tension
exceeds 45 mN/m, line breakingtends to occur and also the
ink effluenée decreases under the storage environment and
use environment described above, thereby decrease in
handwriting density and unevenness in writing width being

15 apt to occur.

In addition, if necessary, there may be used
antirusts such as benzotriazole, toiyltriazole,
dicyclohexylammonium nitrite, diisopropylammonium nitrite,
and saponin; wetting agents such as urea, nonionic

20 surfactants, reduced or unreduced starch hydrolyzates,
disaccharides including trehalose, oligosaccharides,
sucrose, cyclodextrins, glucose, dextrins, sorbitol,
mannitel, and sodium pyrophosphate; defoaming agents;
fluorine-based surfactants and nonionic surfactants which

25 improve permeability of the ink.
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As materials for the above frictional nenber or frictional body, a silicone
resin or an SEES resin (styrene-ethyl ene-butadi ene-styrene bl ock copol yner)
IS suitabVg2000a87856t t he SEES resin is nore suitably usedrap2osy/eaect he
silicone resin tends to adhere to the portion erased with rubbing and the
handwriting tends to be repelled at repeated witing. The above frictional
menber may be a nenber (frictional body) having any shape separated from
the 15 witing inplenment but its fixation to the witing inplenment results

in excellent portali ktheypen body, ahmapRihgopehoivhsalithbBeeahndeafri cti onal
menber is fixed my be a cap front part (apex part) or a barrel rear part

(portion opapivdiyd sddH iakg af ifibey R, MUHAD) t4Q uahdeampiastit is al so
possible to provide a small protruded portion having any shape at a part of

the cap or @Pady ¥He Wledthael. to be a frictional nenber. Exanples of the
cooling inplenent include a cooling discoloration inplenent utilizing a
Pel tier element, fogaoteel ! 9pdLeRop8AALLAY bEPLEREME -bblhedpdhtBodyCoo! ant
5 may be used. Examples of the brush pen body include a
fiber collective body in which fibers are closely bundled
each other in a longitudinal direction, a plastic porous
body having continuous voids, a thermally fused or resin
processed body of a synthetic resin fiber, and an
10 extrusion processed body of a soft resin or an elastomer.
Examples of the ball-point pen include a pen in
which a metal is cut to form a ball-receiving seat and an
ink-effluent part, and a pen in which a plurality of
inward protruded parts are provided at the inner surface
15 mnear to one end of a metal pipe by external press
deformation and ink-effluent gaps radially extending
outward from the central part in a radial direction are
formed between the individual above inward protruded
parts.
20 The ball held in the above ball-point pen is
effectively a ball of a cemented carbide, a stainless
steel, ruby, a ceramic, or the like, having an outer
diamefer of 0.3 to 2.0 mm, preferably 0.4 to 1.5 mm, more
preferably 0.5 to 1.0 mm.

25 In this connection, the above ball-point pen may
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WO 2009/ 107855PCT/ JP2009/ 054100 such as cold water or ice chips, and

application of a refrigerator or freezer. In addition, a
writing iwpl2eenntssset can al so be obtai ned by conbi ni ngPCREPEBYOB1MN i ti ng
inpl ement and a 5 frictional body. Exanples The follow ng wll

illustrate the reversible thermal discoloration aqueous ink conpositions
for 10 witing inplenents of the invention and witing inplenments using the
sanme but the invention is not limted thereto. In this connection

the term " panie( 2) cons tEtatilons wileaedinpar shapphygweieiber ¥hikk sunapace
tension of the ink was neasured by automatic surface tensionmeter (CEVP-A3)

manuf act ur etebyreldyoparitniodT frhee badiefoewa®d, ikt frokiaedl eol taatPrtaaar ation
of Reversible Thermal Discoloration Mcrocapsul e Pignent

M crocapsulbaini gRERreddsBERS Fhaintlri RehUdedrachevend Blife thiep 6&
di scol orati on conposition having a col or-nenory property and conposed of

3.0 parts glodh o 22 dhat ibstag ehthatbactkieeage Asniheieargonent (A).

5 and the ball is retracted by writing pressure to enable
the effluence of the ink at writing.

For the above barrel, a molded body composed of a
thermoplastic resin such as polyethylene, polypropylene,
polyethylene terephthalate, or Nylon is suitably employed.

10 Moreover, as the structure of the writing implement
containing the above ink composition, there may be
mentioned a direct liquid type writing implement having a
structure where a valve mechanism is provided in the
barrel and the ink in the barrel is delivered to the pen

15 body due to opening of the valve or a direct liquid type
writing implement having a structure where the ink is
directly contained inside the barrel and an ink flow-
controlling member having comb-shape grooves or an ink
flow-controlling member composed of a fiber bundle

20 intervenes is contained therein. However, suitable is an
inner-wadding type writing implement having a structure
where an ink occlusion body composed of a fiber bundle to
be contained in the barrel is impregnated with the ink, a
pen body is mounted on the writing front part, and the

25 rear part of the pen body comes into contact with the ink
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parts of 4,4'-(2-ethyl hexan-1, 1-diyl)di phenol, 5.0 parts of

2, 2-bi s(4' - hydroxyphenyl) - hexaf | uor opr opane as the conponent (B), and
50. 0 part sv@ivogtidsgaszyl oxyphenyl et hyl caprate as the coPEoRRIpS/0aP0 was
obt ai ned. 5The above suspension was centrifuged to isolate a

reversi ble thermal discoloration mcrocapsul e pignent. The
average particle diameter of the above m crocapsul e pignment was 2.5
pm the conplete decoloring tenperature was 60C, and the conplete

col ori ng 10ctehpeien hadvwal reztCy Fhevigh gresAnndetigedmenhsr- f rom
orange to colorless through a change in tenperature. Preparation of
Rever si bl e Ther malThei sbover ank opcAsios b ésnpesimed opy IBmdling
reversi bl e thermal discol oration aqueous i nk conposition was obtai ned
by m xi ng 26rDmped tEiksfrs Ha redohgihgdinal ctixenbienprgdess (col ored
orange by cooling to -20C or | ower beforehand), 0.5 part of

hydr oxyet hybor$titwersd hy Plpgingothe reswltipe Hidepmbrndbe dixper sant
[trade nane: Sol sparse 43000 manufactured by Lubrizol Japan Ltd.],

1. 0 part5 of cavenrkrdy cusht esgenpiastie tdpema@ [fidadandane: Hokusi de
R- 150 manuf actured by Hokko Chem cal Industry Co., Ltd., a m xture of
2- net hyl- 4cosbrdlbing |the3pomesaty &o ckthorxpmmensthpboyt 40 to 90%.

In this connection, the above fiber bundle body may be
adhesion-processed by resin processing or heat-fusion
processing, a plasticizer, or the like.

10 The handwriting formed with a writing implement
containing the above ink composition can be discolored by
rubbing with a finger or application of a heating
implement_or a cooling implement.

Examples of the above heating tool inélude a

15 conducting thermal discoloration implement equipped with
a resistor heating body, a heating discoloration
implement filled with hot water or the like, and
application of hair drier. Preferably, a frictional
member or a frictional body capable of discoloration by a

20 conventional method may be used.

The above frictional member or frictional body is
suitably an elastic body such as an elastomer or a
plastic foam rich in elastic feeling and capable of

generating appropriate friction at rubbing to produce

25 frictional heat but may be a plastic molded
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25 isothiazolin-3-one], 0.5 part of polyvinyl alcohol, 25.0 WD
2009/ 107855PCT/ JP2009/ 054100 parts of glycerin, 0.02 part of a defoam ng

agent, armio32097®785arts of water. The pH of the BOBUR20091054100
conposition was 6.98 and the surface tension was 41.0 mN'm 5 Preparation
of I nner-Wadding Type Witing Inplenent (see FIG 4) An i nk

occl usi on body 2 prepared by coating a polyester sliver with a synthetic
resin filmwas 10 inpregnated with the above ink conposition. The resulting
body was hpgagd ans&oharral wéodnda métal pobypaopybeie.resin and assenbl ed,
via a holder 5, in such a manner that the body is connected with a resin

processed pen bodyn3thast EbhRéytsbe| | tisd apedwti Py esderbd Sriblbed nount ed
on the front part of the barrel. A cap 6 was then fitted thereto, whereby

an i nner - wagdinadntyBe W ghinnerhSBkeBaR! $ihBBIkKi8S 8ENkhuasrabéai ned.
An SEBS resin was fitted to the rear part of the above barrel as a

frictional gE”BQEeZataguétnQubﬂﬁnﬁesHhé'BQl&&iBhQQ mE8RbEeFeERL, an orange
letter (handwiting) was fornmed by witing on a sheet of paper.

5 mentioned above is preferably used.

As materials for the above frictional member or
frictional body, a silicone resin or an SEBS resin
(styrene-ethylene-butadiene-styrene block copolymer) is
suitably used but the SEBS resin is more suitably used

10 since the silicone resin tends to adhere to the portion
erased with rubbing and the handwriting tends to be
repelled at repeated writing.

The above frictional member may be a member
(frictional body) having any shape separated from the

15 writing implement but its fixation to the writing
implement results in excellent portability.

The portion to which the above frictional member is
fixed may be a cap front part (apex part) or a barrel
rear part (portion on which a writing tip is not mounted).

20 Furthermore, it is also possible to provide a small
protruded portion having any shape at a part of the cap
or a part of the barrel to be a frictional member.

Examples of the cooling implement include a cooling
discoloration implement utilizing a Peltier element, a

25 cooling discoloration implement filled with a coolant
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The above-descri bed handwiting was orange at roomtenperature (25C), but
the letter discolored and becane 25 col orl ess when rubbed using the
frictionavoneeerssfitted to the barrel. This state wasPKBEPR20041EHeT00r oom
tenperature. Wen the sheet of paper was cooled to -20C or |ess, the color
was returned to original orange and the discol oration behavior was
reproduced repeatedly. 5 Exanple 2 Preparati on of Reversible Thermal g
Di scol oration blicrocapsule Pignent A mcrocapsul e pignment suspension which
i ncluded a shicH edeercollel avdterr e idies AMipisat i aplaTattion b&Evang a

col or-nmenory property and conposed of 1.0 part of 2-

(di butyl am feyridrd Rantod FhdeRerd- net hyl - spiro[ 511-
[ 1] benzopyrano[ 2, 3-g] pyri m di ne-5,1"' (3' 11) -i sobenzofuran] - 3-one as the

conponent (A), 3.0 par&8qetidnd’ = Zarilt.&&,f hylhpesaant, ke Yoarli 21850be 5. 0
parts of 2,2-bis(4'- hydroxyphenyl)-hexafl uoropropane as the conponent (B)

and 50.0 pady s Hed- BN EnBOPBNRNY LRENWHRAPT @ £t 88g1 %qu&erﬁn& Cy was
obt ai ned. The above suspension was centrifuged to isolate a 20 reversible

t her mal sdi Iégfqﬂéy1ﬂg%¥;mapsule pi gnent . The average particle
di aneter of the above m crocapsul e pignent was 2.3 pm the conplete

decol oring tenperature was 58C, and the conplete col oring tenperature was
-20C. The pignment changed color from 25 pink to colorless through a change

intamma%&&mes

The following will illustrate the reversible
thermal discoloration aqueous ink compositions for
10 writing implements of the invention and writing
implements using the same but the invention is not
limited thereto.
In this connection, the term “part(s)” in Examples
means part(s) by weight.
15 The surface tension of the ink was measured by
automatic surface tensiQmeter (CBVP-A3) manufactured by

Kyowa Interface Science Co., Ltd.

Example 1
20 Preparation of Reversible Thermal Discoloration
Microcapsule Pigment
A microcapsule pigment suspension which included a
reversible thermal discoloration composition having a
color-memory property and composed of 3.0 parts of 1,3-

25 dimethyl-6-diethylaminofluorane as the component (&), 3.0
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WO 2009/ 107855PCT/ JP2009/ 054100 Preparation of Reversible Thernal

Di scol orati on Aqueous | nk Conposition A reversi bl e thernal

di scol or WPAMYAIGIRS6uUs | nk conpositi on was obtai ned by nPLKTARIBYIBIPWart s of
the 5 resulting mcrocapsul e pignent (col ored pink by cooling to -20C or

| ower beforehand), 0.5 part of hydroxyethylcellulose, 0.2 part of a
conb-type pol yner dispersant [trade nane: Sol sparse 43000 manufactured by
Lubri zol Japan Ltd.], 1.0 part of an organic nitrogen 10 sul fur conpound
[trade nanmparidekeE de 436Q2raithi/ahbnandl1by-Hokkpdiphrenheal, bndupatysCo. ,
Ltd.], 0.5 part of polyvinyl alcohol, 25.0 parts of glycerin, 0.02 part of

a def oam ngfragent-biand 'SAyd2oRgphengl ) WBeRafluoropropane ashehgH of the
above ink conposition was 6.70 and 15 the surface tension was 40.5 ni'm

Preparati ogofboh@ne’ -(¥4ddiana $¥Pe Yhrtsner! APLEABYYL oxyphenyl8Bhink
occl usi on body prepared by coating a polyester sliver with a synthetic

resin filmuas 20 Lgpieanabigonkeht By aRQVEbtAkneaTPOSition. The resul ting
body was houseg in a barrel nmade of a pol ypropyl ene resin and assenbled in

such a ganner tha&hEthQQstif:?B&RQ{‘Sﬁt@Qs"‘é':éﬂtﬁiefu?gé& P50£E584€e Pen body

(chi sel “shape) of pol yester er nounted on t ont 25 part of the
barrel. A %%%é@%ib&%eQh%&hgﬁddﬁgggiggation microcapsule pigment.

The average particle diameter of the above
microcapsule pigment was 2.5 um, the complete decoloring
temperatufe was 60°C, and the complete coloring

10 temperature was -20°C. The pigment changed color from

orange to colorless through a change in temperature.

Preparation of Reversible Thermal Discoloration Aqueous
Ink Composition

15 A reversible thermal discoloration aqueous ink
composition was obtained by mixing 20.0 parts of the
resulting microcapsule pigment (colored orange by cooling
to -20°C or lower beforehand), 0.5 part of
hydroxyethylcellulose, 0.2 part of a comb-type polymer

20 dispersant [trade name: Solsparse 43000 manufactured by
Lubrizol Japan Ltd.], 1.0 part of an organic nitrogen
sulfur compound [trade name: Hokuside R-150 manufactured
by Hokko Chemical Industry Co., Ltd., a mixture of 2-
methyl-4-isothiazolin-3-one and 5-chloro-2-methyl-4-

25 isothiazolin-3-one], 0.5 part of polyvinyl alcohol, 25.0
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wher eby an inner-wadding type witing inplenment (marking pen) was obtained.
An SEBS resin was fitted to the rear part of the above barrel as a

fricti onavoreihiersss Usi ng the resulting marking PERJP2OYPIFHLKOO
hi ghli ght (handwiting) was formed by witing on a letter printed on a
sheet of paper. The above-descri bed handwiting was pink at room

tenperature (25C), but the handwiting discolored and 10 becane col orl ess
when rubbed using the frictional body fitted to the barrel. This state was
kept under pana® odnpgdiaietie, hez phetsbhbeeh defpapehgragendql addt o - 20C or
| ess, the color was returned to original pink and the discoloration

behavi or wa2 .m@ppadtecdr epariredl y. 15 Exanple 3 Preparation of Reversible
Thermal Discoloration Mcrocapsul e Pignment A microcapsul e pi gnent

suspensi on whi ch irpel pedratB@ aBY@ESiRkecbnpssRtidhsaak06ab80angoNMPOSI tion
having a col or-nmenory property and conposed of 4.5 parts of 2-(2-

chl or oam n@hebHshirtdicd 2N Y3Ne 129 Mgmconponent (A), 3.0 parts of
4,4" - (2-ethyl hexan-1, 1-di yl1) di phenol, 5.0 parts of

2, 2-bi sg4' - hydr oxyphenyl) - hexaf | uor opropane as 25 the conponent (B), and
50.0 parts of 4- WD 2009/ 107855PCT/ JP2009/ 054100 benzyl oxyphenyl et hyl

Caprate as ﬁxjé%a(i%@i%%e %tf (I%e@@%a%@lign%pe Writing Implement (see
FIG. 4)
An ink occlusion body 2 prepared by coating a
polyester sliver with a synthetic resin film was

10 impregnated with the above ink cémposition. The
resulting body was housed in a barrel 4 made of a
polypropylene resin and assembled, via a holder 5, in
such a manner that the body is connected with a resin
processed pen body 3 (artillery shell shape) of polyester

15 fiber mounted on the front part of the barrel. A cap 6
was then fitted thereto, whereby an inner-wadding type
writing implement 1 (marking pen) was obtained.

An SEBS resin was fitted to the rear part of the
above barrel as a frictional member 7.

20 Using the resulting writing implement, an orange
letter (handwriting) was formed by writing on a sheet of
paper.

The above-described handwriting was orange at room
temperature (25°C), but the letter discolored and became

25 colorless when rubbed using the frictional member fitted
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The above suspension was centrifuged to isolate a reversible thernal

di scol oration m crocapsul e pi gnent. The average particle dianeter
of the ab¥00W1978%58apsul e pi gnment was 2.4 m the conpl ePET/HROM/ GH10Gg
tenperature was 56C, and the conplete coloring tenperature was -20C. The

pi gnent changed color fromblack to colorless through a change in
tenperature. 10 Preparation of Reversible Thermal D scol oration Aqueous | nk
Conposi tion A reversi ble thermal discoloration agueous ink
conposi ti otondheobhairedd bYhirsxshgt@5wés phept vhdéherddmresul ting

m crocapsul e pignment (colored black by cooling to -20C or | ower

bef or ehandem@e®apaik . of whgAr exgeshgbeebt ubaper Va2 Podledftd €OAT t ype
pol ymer di spersant [trade nane: Sol sparse 43000 manufactured by Lubri zol

Japan Ltd. br 1e@spatheObo@Browgdnir&étiirhé@0es 3PigihilrorHngpeounsd [t r ade
nane: Hokustar HP manufactured by Hokko Chem cal Industry Co., Ltd.

2- (4-thi azend) diBeBlbwhdasal BEhalidrpras QépEGbﬁééﬂYfeﬁéé?@é@iy 25.0 parts
of glycerin, 0.02 part of a defoam ng agent, and 47.78 parts of water.

25The p#l of the above ink conposition was 7.0 and the WO
20091107855PCT/ JP2009/ 054100 surface tension was 40.0 nN'm

Example 2
Preparation of Reversible Thermal Discoloration
Microcapsule Pigment

A microcapsule pigment suspension which included a

10 reversible thermal discoloration composition having a
color-memory property and composed of 1.0 part of 2-
(dibutylamino) -8- (dipentylamino) -4-methyl-spiro[5H-
[1]benzopyrano([2,3-g]pyrimidine-5,1"' (3'H) -isobenzofuran] -
3-one as the component (A), 3.0 parts of 4,4'-(2-

15 ethylhexan-1,1-diyl)diphenol, 5.0 parts of 2,2-bis(4'-
hydroxyphenyl) ~-hexafluoropropane as the component (B),
and 50.0 parts of 4-benzyloxyphenylethyl caprate as the
component (C) was obtained.

The above suséension was centrifuged to isolate a

20 reversible thermal discoloration microcapsule pigment.

The average particle diameter of the above
microcapsule pigment was 2.3 um, the complete decoloring
temperature was 58°C, and the complete coloring
temperature was -20°C. The pigment changed color from

25 pink to colorless through a change in temperature.
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Preparati on of |nner-Waddi ng Type Witing Inplenent (see Fig. 5) 5An ink
occl usi on body 2 prepared by coating a polyester sliver with a synthetic
resin filwowee/iomssegnated with the above ink conpositi 86T/JH969/68$W t | ng
body was housed in a barrel 4 nmade of a pol ypropyl ene resin and assenbl ed,
via a holder 5, in 10 such a manner that the body is connected with a resin
processed pen body 3 (artillery shell shape) of polyester fiber nounted on
the front part of the barrel. A cap 6 was then fitted thereto, whereby an

i nner - waddPpgpaypeisni dbf nBevrapsthbat THefmal kb igcpbola tien obgueoesl. 15An
SEBS resin was fitted to the cap at the apex thereof as a frictional nenber
7. Ikki ogmpbeitesul ting marking pen, a black letter (handwiting)
was formed by witing on a sheet of paper. The above-descri bed handwiting

was bl ack at room 26ev&FPEsPd Uklte fmbC)di 181 4 et i dvdidoung ihiscol ored and
becane col orl ess when rubbed using the frictional body fitted to the cap.

This stat ec&ﬁ%ogﬁﬁioﬂndgé 6BRAL hEAPBY ahitk Eng \WE N0 t parESest Bhepaper was
cooled to -20 | ess, the color was returned to original black and the 25

di scol oy at |.gp,PebAY| AL cRB8apERIBIHESHhEPERLESLYd pEXRMBY €cdoling
to -20°C or lower beforehand), 0.5 part of
hydroxyethylcellulose, 0.2 part of a comb-type polymer
dispersant [trade name: Solsparse 43000 manufactured by
Lubrizol Japan Ltd.], 1.0 part of an organic nitrogen

10 sulfur compound [trade name: Hokuside 369 manufactured by
Hokko Chemical Industry Co., Ltd.], 0.5 part of polyvinyl
alcohol, 25.0 parts of glycerin, 0.02 part of a defoaming
agent, and 52.78 parts of water.
The pH of the above ink composition was 6.70 and

15 the surface tension was 40.5 mN/m.

Preparation of Inner-Wédding Type Writing Implement
An ink occlusion body piepared by coating a

polyester sliver with a synthetic resin film was

20 impregnated with the above ink composition. The
resulting body was housed in a barrel made of a
polypropylene resin and assembled in such a manner that
the body is connected with a resin processed pen body
(chisel shape) of polyester fiber mounted on the front

25 part of the barrel. A cap was then fitted thereto,

44



Preparati on of Reversible Thermal Discoloration M crocapsule Pignment
Andcr ocapsul e pi gnent suspensi on which included a 5 reversible thernal

di scol or WDaMIETRdsSsi ti on havi ng a col or-nmenory propert PCHIRROGWFHSed of
3.0 parts of 4- [2,6-bis(2-ethoxyphenyl)-4-pyridyl]-N, Ndi net hyl benzeneam ne
as the component (A), 10.0 parts of

2,2-bis(4' - hydroxyphenyl) - hexaf | uor opropane as the 10 conponent (B), and
50.0 parts of 4-benzyl oxyphenyl ethyl caprate as the conponent (C) was
obt ai ned. Wherabgvansispersiwaddiag tegpérwrilgiodgt omptehant fmaxkiemgi bl e
thermal discoloration mcrocapsule pignment. The average particle dianeter
of the abopen)5whiscbbtapagde pi gnent was 2.5 pm the conpl ete decol oring
tenperature was 59C, and the conplete coloring tenperature was -20C. The

pi gment changed cahOSEBRSOfeyth! Wit Oi €0éA@r t&Sthé hfduig) Fpar € e gthd N
tenperature. 20 Preparation of Reversible Thermal D scol oration Aqueous Ink

Conposi ti 0Rbove barr8lr Q¥ehsickhetibgalbheb&e0l Or ati on aqueous ink
conposition was obtained by m xing 25.0 parts of the resulting nlcrocapsule

B;??E?,}S(CO' ored ygihgWehY £80h1 BOngIndPrindEé, | QWS nIb & RfHAHY |
(handwriting) was formed by writing on a letter printed
on a sheet of paper.

The above-described handwriting was pink at room
temperature (25°C), but the handwriting discolored and
10 became colorless when rubbed using the frictional body
fitted to the barrel. This state was kept under room
temperature. When the sheet of paper was cooled to -20°C
or less, the color was returned to original pink and the
‘discoloration behavior was reproduced repeatedly.
15
Example 3
Preparation of Reversible Thermal Discoloration
Microcapsule Pigment
A microcapsule pigment suspension which included a
20 reversible thermal discoloration composition having a
color-memory property and composed of 4.5 parts of 2-(2-
chloroamino) -6-dibutylaminofluorane as the component (A),
3.0 parts of 4,4'-(2-ethylhexan-1,1-diyl)diphenol, 5.0
parts of 2,2-bis(4'-hydroxyphenyl)-hexafluoropropane as

25 the component (B), and 50.0 parts of 4-
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WO 20091107855PCT/ JP2009/ 054100 hydroxyet hyl cel | ul ose, 0.2 part of a
conb-type pol yner dispersant [trade nane: Sol sparse 43000 manufactured by
Lubri zol wepaew/ress], 1.0 part of an organi c nitrogen saCTAUP200v0BoWNd
[trade nane: Hokusi de R-150 manufactured 5 by Hokko Chemical I|ndustry Co.,
Ltd., a mxture of 2- nethyl-4-isothiazolin-3-one and 5-chl oro-2-nethyl-4-
i sot hiazolin-3-one], 0.5 part of polyvinyl alcohol, 25.0 parts of glycerin,
0.02 part of a defoam ng agent, and 47.78 parts of water. 10The pH of the
above i nk befpglickyphenglethgl aaprhlhe asr theecbmpsnentwds)4®as MmN/ m
Preparation of Inner-Wadding Type Witing Inplenment An ink occlusion body
prepared bybtadhiedg a 15 pol yester sliver wwth a synthetic resin filmwas
i npregnated with the above ink conposition. The resulting body was housed

in a barrel made Qﬁeaasebapéeaﬁéﬁggoﬁeﬁag Safltpsseghlietoi Ds§LEbe aa manner
that the body is connected with a resin processed pen body 20 (chi sel

shape) of E%b%&%&%&éf%ﬂ%&mﬁ@uaﬁgéoQBrﬁhﬁoBrﬂﬂErB%EFsQﬁetBﬁgﬁéﬁte| A cap
was then fitted thereto, whereby an inner-wadding type wifing inplenent

(marki ng pen) was ggtgbggg e pa ticle laﬁgtégsﬁfrgﬁ%naﬁ@§efltted to the

rear part of the ove as a rlctlon Usi ng

t he resultln%4§%%§ npr|H%gHeS%ebagW hhggﬁlggk (Q%$%WEE% Q%L8§§§1L§r”9d by

writi ng on a a Sheét ove- cri
handwri ting was yel | aw,at 5o 5, STBRLL4Er L2 Chon By hancur 1 ng
temperature was -20°C. The pigment changed color from
black to colorless through a change in temperature.
10
Preparation of Reversible Thermal Discoloration Aqueous
Ink Composition
A reversible thermal discoloration aqueous ink
composition was obtained by mixing 25.0 parts of the
15 resulting microcapsule pigment (colored black by_cooling
to -20°C or lower beforehand), 0.5 part of
hydroxyethylcellulose, 0.2 part of a comb-type polymer
dispersant [trade name: Solsparse 43000 manufactured by
Lubrizol Japan Ltd.], 1.0 part of an organic nitrogen
20 sulfur compound [trade name: Hokustar HP manufactured by
Hokko Chemical Industry Co., Ltd., 2-(4-thiazoyl)-
benzimidazole], 0.5 part of polyvinyl alcohol, 25.0 parts
of glycerin, 0.02 part of a defoaming agent, and 47.78
parts of water.

25 The pH of the above ink composition was 7.0 and the
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becane col orl ess when rubbed using the frictional body fitted to the
barrel. This state was kept under roomtenperature. \Wen the sheet of paper
was cool edOot60%BMS5or | ess, the color was returned to oPCHIPANI/YBIM00OW and
10 the discol oration behavior was reproduced repeatedly. Exanple 5
Preparati on of Reversible Thermal D scoloration Mcrocapsule Pigment 15A
m crocapsul e pi gnment suspensi on which included a reversible thermal ,
di scol orati on conposition having a color-nmenory property and conposed of
2.0 parts alurfa%zeb ténisdionasilsono-.8- mi/mdi met hyl anmi no) - 2- et hyl pheny1] -
3-(1-ethyl-2-nethyl-1Hindol-3-yl)-1(311)-i sobenzofuranone 20 as the
conponent (A), 3.0 parts of 4,4'-(2-ethyl hexanl, 1-diyl)di phenol, 5.0 parts
of 2,2-bis(4'- hydroxyphenyl)-hexafl uoropropane as the conponent (B), and
50. 0 parts pfepfirRANHH oXF PIeRLreWAEd 6P BfSe A rh #E ngO Estherd €) (WS

obtai ned. 25 The above suspension was centrifuged to isolate a reversible
t her mal digquogqtion m crocapsul e pignment. The average particle dianeter
of the above

5 An ink occlusion body 2 prepared by coating a
polyester sliver with a synthetic resin film was
impregnated with the above ink composition. The
resulting body was housed in a barrel 4 made of a
polypropylene resin and assembled, via a holder 5, in

10 such a manner that the body is connected with a resin
processed pen body 3 (artillery shell shape) of polyester
fiber mounted on the front part of the barrel. A cap 6
was then fitted thereto, whereby an inner-wadding type
writing implement 1 (marking pen) was obtained.

15 An SEBS resin was fitted to the cap at the apex
thereof as a frictional member 7.

Using the resulting marking pen, a black letter
(handwriting) was formed by writing on a sheet of paper.
The above-described handwriting was black at room

20 temperature (25°C), but the handwriting discolored and
became colorless when rubbed using the frictional body
fitted to the cap. This state was kept under room
temperature. When the sheet of paper was cooled to -20°C
or less, the color was returned to original black and the

25 discoloration behavior was reproduced repeatedly.
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m crocapsul e pignment was 2.5 pm the conplete decoloring 5 tenperature was
55C, and the conplete coloring tenperature was -20C. The pignent changed
col or fr oNOBPWEOTSSScol orl ess through a change in tenperBETIIR2009/054100
Preparati on of Reversible Thermal Discoloration Aqueous 10 I nk Conposition
A reversi ble thermal discoloration aqueous ink conposition was obtained by
m xi ng 20.0 parts of the resulting m crocapsul e pignent (colored bl ue by
cooling to -20C or | ower beforehand), 0.5 part of 15 hydroxyethyl cel |l ul ose,
0.2 part ofExamparb-4t ype pol yner dispersant [trade nane: Sol sparse 43000
manuf actured by Lubrizol Japan Ltd.], 1.0 part of an organic nitrogen

sul fur comeadph daftiate offaRevedeibledehBrhS@ Dasebaekdtednby Hokko Chemi cal
| ndustry Co., Ltd., a mxture of 2- 20 nethyl-4-isothiazolin-3-one and

5- chl or o- 2 MiRidHEhpAulies @t Gmagel i n-3-one], 0.5 part of polyvinyl alcohol,
25.0 parts of glycerin, 0.02 part of a defoam ng agent, and 52.78 parts of

wat er . _ A miEBScﬁﬁ%Qiet%ﬁgﬁéﬁ!eshgﬁeﬁgﬂ@ﬁsﬂai@ﬂ VRS1&déd and the 25
surface tension was 41.0 m reparati on of |nner-Wadding Type Witing

| npl eneBt  reversivAle ithkraag! Uiken1BedyiBheRaRpsRYi6AhhEng RO! yeSt er
sliver wwth a synthetic resin filmwas inpregnated with the above ink
COHDOSiti(”boigyimemory property and composed of 3.0 parts of 4-
[2,6-bis(2-ethoxyphenyl) -4-pyridyl]-N, N-
dimethylbenzeneamine as the component (A), 10.0 parts of
2,2-bis (4'-hydroxyphenyl) -hexafluoropropane as the
10 component (B), and 50.0 parts of 4-benzyloxyphenylethyl
caprate as the component (C) was obtained.
The above suspension was centrifuged to isolate a
reversible thermal discoloration microcapsule pigment.
The average particlé diameter of the above
15 microcapsule pigment was 2.5 um, the complete decoloring
temperature was 59°C, and the complete coloring
temperature was -20°C. The pigment changed color from

yellow to colorless through a change in temperature.

20 Preparation of Reversible Thermal Discoloration Aqueous
Ink Composition
A reversible thermal discoloration aqueous ink
composition was obtained by mixing 25.0 parté of the
resulting microcapsule pigment (colored yellow by cooling

25 to -20°C or lower beforehand), 0.5 part of
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5 resulting body was housed in a barrel nmade of a pol ypropyl ene resin and
assenbled in such a manner that the body is connected with a resin
processedWpemMOWmssS(artill ery shell shape) of pol yest er PETHRI00N O UMG0ed on
the front part of the barrel. A cap was then fitted thereto, 10 whereby an
i nner-waddi ng type witing inplenent (nmarking pen) was obtained. An
SEBS resin was fitted to the rear part of the above barrel as a frictional
menber. Using the resulting witing inplenment, a blue 15 letter

(handw i t i RgirvRgethyIedl 18] i 002 0paft SbEes obmbapgbe polymer The
above-descri bed handwiting was blue at roomtenperature (25C), but the

letter di sqekpeedantd [Beaasensmbor §85spubea 4180bedmasufgcticedrbgt i onal
menber fitted 20 to the barrel. This state was kept under room tenperature.

Wen the Sﬂaskigélpaaﬁanwang@ol9dot§ar€08foanlsfaaniaenfefagemas ret ur ned
to original blue and the discoloration behavior was reproduced repeatedly.

25 Exanplesﬁlfﬁieeathhﬁa ot rRauehahb! endRe51BL RL 856! RaRbESBLMEEg0Capsul e

Pi gment A m crocapsul e pi gnent suspension which included a reversible

ther mls di BGOHBRb! LRAPBROSThLADLRPVERY, ABaCP! A nIREREY BEORErtY and

conposed o part

[ 2, 6-bi s(2-ethoxyph =4-pyepdyl ] - N, Ndi; net Zen lne_as the
conmponent Tﬁ%gy§0?0§%é%%§éggxéb2¥b%ggaggﬁggr§§%§ﬁ§n€2§éﬁgggf?uoropropane as
the component (B), ,30d_39,3eRar bS508.#t PEPZYL XY PREIYLELEN1, 25.0

parts of glycerin, 0.02 part of a defoaming agent, and

47.78 parts of water.

10 The pH of the above ink composition was 6.60 and

the surface tension was 40.5 mN/m.

Preparation of Inner-Wadding Type Writing Implement
An ink occlusion body prepared by coating a
15 polyester sliver with a synthetic resin film was
impregnated with the above ink composition. The
resulting body was housed in a barrel made of a
polypropylene resin and assembled in such a manner that
the body is connected with a resin processed pen body
20 (chisel shape) of polyester fiber moﬁnted on the front
part of the barrel. A cap was then fitted thereto,
whereby an inner-wadding type writing implement (marking
pen) was obtained.
An SEBS resin was fitted to the rear part of the

25 above barrel as a frictional member.
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10 caprate as the conponent (C) was obtained. The above suspensi on was
centrifuged to isolate a reversible thermal discoloration m crocapsule

pi gnent . Wheoenwrss§e particle diameter of the above m cPOTAP20OY/es4piogment
was 2.5 pm the conplete decoloring 15 tenperature was 59C, and the

conpl ete coloring tenperature was -20C. The pi gnent changed col or from
yellow to colorless through a change in tenperature. Preparati on of
Reversi bl e Thernmal Discol oration Aqueous 20 I nk Conposition A reversible
t hermal di scol or abkPRgaghNeotesuDkifignpaskihgnpans abyained hyghlxgng 25.0
parts of the resulting mcrocapsul e pignment (colored yellow by cooling to

-20C or | ovanbeiretehgndivasO roriedt byf w23 thygr exyat hekeek! proneed0. 2 part
of a conmb-type polyner WO 2009/ 107855PCT/ JP2009/ 054100 di spersant [trade

nanme: Sol spar g€ sHhake0orapubact ured by Lubrizol Japan Ltd.], 1.0 part of an
organi ¢ nitrogen sul fur conpound [trade name: Hokustar HP manufactured by

Hokko Chem cal | ngyst s¥o(R-debbfi bedOnanBftl t PhgPRAYWEY1ow at room

5 temperature (25°C), but the handwriting discolored and
became colorless when rubbed using the frictional body
fitted to the barrel. This state was kept under room
temperature. When the sheet of paper was cooled to -20°C
or less, the color was returned to original yellow and

10 the discoloration behavior was reproduced repeatedly.

Example 5
Preparation of Reversible Thermal Discoloration
Microcapsule Pigment

15 A microcapsule pigment suspension which included a
reversible thermal discoloration composition having a
color-memory property and composed of 2.0 parts of
4,5,6,7-tetrachloro-3-[4-(dimethylamino) -2-methylphenyl]-
3—(1—ethyl-2—methyl—1H—indol—3—yl)—1(3H)—isobenzofuranone

20 as the component (A), 3.0 parts of 4,4'-(2-ethylhexan-
1,1-diyl)diphenol, 5.0 parts of 2,2-bis(4'-
hydroxyphenyl) -hexafluoropropane as the component (B),
and 50.0 parts of 4-benzyloxyphénylethy1 caprate as the
component (C) was obtained.

25

50



5 al cohol, 25.0 parts of glycerin, 0.02 part of a defoam ng agent, and

47.78 parts of water. The pH of the above ink conposition was 6. 60
and t he SWOReWATEASsI on was 40.5 mMN''m 10 Preparati on oPCT/iRpe9%/08Atddi ng Type
Witing I npl enment An i nk occl usion body prepared by coating a

pol yester sliver with a synthetic resin filmwas inpregnated with the above
i nk conposition. The resulting body was housed in a barrel made of a 15

pol ypropyl ene resin and assenbled in such a nanner that the body is
connected with a mhsl abpvecesspanpeonbedy cehtseéFugbdped dDsopbatyester fi ber
mounted on the front part of the barrel. A cap was then fitted thereto,

wher eby an ddirefsid it rmale diisidoldg altiiene Mikirocaipiskilegd p2@mpak). Was
obt ai ned. An SEBS resin was fitted to the rear part of the above

barrel as a frictirpeabveREler particle diaketBg bEeth&sibbi@g narking pen, a
yellow letter (handwiting) was fornmed by witing on a sheet of paper.

25The abovg%idﬁ%%fai&@ﬁéﬁ%@a@ngé 9<1Bs 5Y fild, OWndl dofle teCERELEbYE Rg( 25C) ,

but the handwiting discolore becamne col orl ess when rubbed uSing the

fricti I j t b I hj d
(rietonel hao ALl K Giechachs cnILamel a8 MBEGKERY UNOCT Toom
col or was rebided e, A Itndkcyel kR BIgnthE ShaRgLaabisp bebavior vas

blue to colorless through a change in temperature.

Preparation of Reversible Thermal Discoloration Aqueous

10 Ink Composition

A reversible thermal discoloration aqueous ink
composition was obtained by mixing 20.0 parts of the
resulting microcapsule pigment (colored blue by cooling
to -20°C or lower beforehand), 0.5 part of

15 hydroxyethylcellulose, 0.2 part of a comb-type polymer
dispersant [trade name: Solsparse 43000 manufactured by
Lubrizol Japan Ltd.], 1.0 part of an organic nitrogen
sulfur compound [trade name: Hokuside R-150 manufactured
by Hokko Chemical Industry Co., Ltd., a mixture of 2-

20 methyl-4-isothiazolin-3-one and 5-chloro-2-methyl-4-
isothiazolin-3-one], 0.5 part of polyvinyl alcohol, 25.0
parts of glycerin, 0.02 part of a defoaming agent, and
52.78 parts of water.

The pH of the above ink composition was 6.9 and the

25 surface tension was 41.0 mN/m.
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Preparati on of Reversible Thermal D scoloration 10 Mcrocapsul e Pignment A
m crocapsul e pi gnment suspensi on which included a reversible thermal

di scol or WDAMKIOTE5Ssi ti on havi ng a col or-nmenory propert yCaABROYOPO®ed of
2.0 parts of 4,5,6,7-tetrachl oro-3-[4-(di net hyl am no) - 2- met hyl pheny1] - 15
3-(1l-ethyl-2-nmethyl-1Hindol-3-yl)-1(3H)-isobenzofuranone as the conponent
(A), 3.0 parts of 4,4'-(2-ethyl hexanel, 1-di yl)di phenol, 5.0 parts of

2, 2-bi s(41- hydroxyphenyl) - hexafl uor opropane as the conponent (B), and 50.0
parts of 4Prepayhdippheify/Ianey-Waddiage Tgpet Wei@ngodpphementC) was
obt ai ned. The above suspension was centrifuged to isolate a reversible

t her mal di scol or ahhoiinki ocotapsohebpdgnphépad&é byecageipgrai cl e di aneter
of the above m crocapsul e pignent was 2.5 pm the conpl ete decol oring 25

t enper at ur polgestel, saiderh@iethmal eyathekoe pesihefpemawdse was - 20C. The
pi gnent changed color from blue to colorless through a change in

t enper at ur gmpPegpatald @i tef thevabsivll enkhebfpbsbitseal or #heon Agqueous | nk
Conposi tion
5 resulting body was housed in a barrel made of a
polypropylene resin and assembled in such a manner that
the body is connected with a resin processed pen body
(artillery shell shape) of polyester fiber mounted on the
front part of the barrel. A cap was then fitted thereto,
10 whereby an inner-wadding type writing implement (marking
pen) was obtained.

An SEBS resin was fitted to the rear part of the
above barrel as a frictional member.

Using the resulting writiﬁg implement, a blue

15 letter (handwriting) was formed by writing on a sheet of
paper.

The above-described handwriting was blue at room
temperature (25°C), but the letter discolored and became
colorless when rubbed using the frictional member fitted

20 to the barrel. This state was kept under room
temperature. When the sheet of paper was cooled to -20°C

or less, the color was returned to original blue and the

discoloration behavior was reproduced repeatedly.

25 Example 6
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5A reversible thermal discoloration aqueous ink conposition was obtai ned by
m xi ng 20.0 parts of the resulting m crocapsul e pignent (colored bl ue by
cool i ng tWO-200Q0#55| ower beforehand), 0.5 part of hydr oRGEIPPILEHINI OSE,
0.2 part of a conb-type polynmer 10 di spersant [trade name: Sol sparse 43000
manuf actured by Lubrizol Japan Ltd.], 1.0 part of an organic nitrogen

sul fur conpound [trade nane: Hokustar HP manufactured by Hokko Chem cal

| ndustry Co., Ltd.], 0.5 part of polyvinyl alcohol, 25.0 parts of glycerin,
0. 02 part Pkepadatbani aff Révageib]le afbleixfial 8D jpsedloxdtiert er . The pH
of the above ink conposition was 6.9 and the surface tension was 41.0 mN'm
Pr epar at i oMiefrotapeuldadilgmgnttype Witing | npl ement 20An ink occl usi on body
prepared by coating a polyester sliver with a synthetic resin filmwas

i mpregnat ed wit h A hgi @bs¥epdike GoIGIRSH t | spdliel dre s ild @ rladiderhis housed
in a barrel made of a pol ypropyl ene resin and assenbled in such a manner

that 25 thechadyibseCORALRAEIdYEED1SraEE6N BbMEESSEIoPaavsly a (artillery
shel | shape) of polyester fiber nounted on the front part of the barrel. A

cap WaSssth%Blskpﬁeﬂow%%ﬁeﬂe?eaﬂayc 888 o a8l dd NGat P i ng
i npl ement (marki ng pen) was obtained. 5An SEES resin was fitted to the rear
part of thes g_pjis(2-ethoxyphenyl)-4-pyridyl]-N,N-
dimethylbenzeneamine as the component (A), 10.0 parts of
2,2-bis (4'-hydroxyphenyl) -hexafluoropropane as the
component (B), and 50.0 parts of 4-benzyloxyphenylethyl
10 caprate as the component (C) was obtained.
The above suspension was centrifuged to isolate a
reversible thermal discoloration microcapsule pigment.
The average particle diameter of the above
microcapsule pigment was 2.5 um, the complete decoloring
15 temperature was 59°C, and the complete coloring
temperature was -20°C. The pigment changed color from

yellow to colorless through a change in temperature.

Preparation of Reversible Thermal Discoloration Aqueous
20 Ink Composition
A reversible thermal discoloration aqueous ink
composition was obtained by mixing 25.0 parts of the
resulting microcapsule pigment (colored yellow by cooling
to -20°C or lower beforehand), 0.5 part of

25 hydroxyethylcellulose, 0.2 part of a comb-type polymer
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above barrel as a frictional nenber. Using the resulting witing
inplement, a blue letter (handwiting) was forned by witing on a sheet of
paper. 10¥@eo@povwesdescri bed handwiti ng was bl ue at r oB@T/HIRAPEISAIONr
(25C), but the letter discolored and becane col orl ess when rubbed using the
frictional nmenber fitted to the barrel. This state was kept under room
tenperature. When the sheet of paper was cooled to -20C 15 or |less, the
color was returned to original blue and the discol oration behavi or was

r epr oduced diepeaisadlty .[ tEadepham8 : Psepaparsend300Remenafateuiadribyl

Di scol oration 20 M crocapsul e Pignent A m crocapsul e pi gnent suspension
whi ch i ncl wdetiaclevapanblLedt her mab gaseober ahi 6pganipositrogehavi ng a

col or-nmenory property and conposed of 1.0 part of 2-

(butyl am n@i&urdiceapbyhani[kehdé- HRin8Y| HERLEehBHIP2Rhanufactured by
[ 1] benzopyrano[ 2, 3-g] pyri m di ne-5,1' (3' 8)-i sobenzofuran]- 3-one as the

conponent @Rkko3cheRdthl hdbdstry(do. et hyhhexaoeslpirdi &i)ﬁbwen@yl 5.0
parts of 2,2-bis(4l- hydroxyphenyl)-hexafl uoropropane as the conponent (8),
and 50.9 panisneh ,42BeazphexyPBenyh gbByincapr 8bepastt B8 a defoaming

agent, and 47.78 parts of water.

The pH of the above ink composition was 6.60 and

the surface tension was 40.5 mN/m.

10 Preparation of Inner-Wadding Type Writing Implement
An ink occlusion body prepared by coating a
polyester sliver with a synthetic resin film was
impregnated with the above ink composition. The
resulting body was housed in a barrel made of a
15 polypropylene resin and assembled in such a manner that
the body is connected with a resin processed pen body
(chisel shape) of polyester fiber mounted on the front
part of the barrel. A cap was then fitted thereto,
whereby an inner-wadding type writing implement (marking
20 pen) was obtained.
An SEBS resin was fitted to the rear part of the
above barrel as a frictional member.
Using the resulting marking pen, a yellow letter
(handwriting) was formed by writing on a sheet of paper.

25 The above-described handwriting was yellow at room
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5 conmponent (C) was obtained. The above suspension was centrifuged to
isolate a reversible thermal discoloration m crocapsule pignment. The

aver age paoRhel7sssanet er of the above microcapsul e pi gRETWPUWAY0AI® pm t he
conpl ete decoloring 10 tenperature was 58C, and the conplete coloring
tenperature was -20C. The pignent changed color frompink to colorless

t hrough a change in tenperature. Preparati on of Reversible Thernal

Di scol orati on Aqueous 15 Ink Conposition A reversible thermal discoloration

aqueous i nleaipEatireonN2688) pbbatNeHebiaRli¥tgidg. 8iPesisored 4h@ resul ting
m crocapsul e pignent (colored pink by cooling to -20C or | ower beforehand),

0.5 part ofbheddmdy dorexaidiy GhlenulreebedOudipgl thef faieeabnhYpBopg! yrer
di spersant [trade name: Sol sparse 43000 manufactured by Lubrizol Japan

Ltd. ], 1.0matdedftcAh@ BRARre1N t MRGRN stultbUacORBENdnbbrag8cmae:
Hokusi de R-150 manufactured by Hokko Chem cal Industry Co., Ltd.], 1.0 part

of 25 pol yy I ol , 0 R § y Lo, 0 aogdef oam ng
agent,  an d\%g‘?ﬂ%%&g?{és' Og:%%gt écrfér heQlt Oy pabLR w3s020B3EH ¢b €
5 or less, the color was returned to original yellow and

the discoloration behavior was reproduced repeatedly.

Example 7
Preparation of Reversible Thermal Discoloration
10 Microcapsule Pigment
A microcapsule pigment suspension which included a
reversible thermal discoloration composition having a
color-memory property and composed of 2.0 parts of
4,5,6,7-tetrachloro-3-[4-(dimethylamino)-2-methylphenyl]-
15 3-(l-ethyl-2-methyl-1H-indol-3-yl)-1(3H)-isobenzofuranone
as the component (A), 3.0 parts of 4,4'—(2¥ethylhexane—
1,1-diyl)diphenol, 5.0 parts of 2,2-bis(4'-
hydroxyphenyl) -hexafluoropropane as the component (B),
and 50.0 parts of 4-benzyloxyphenylethyl caprate as the
20 component (C) was obtained.
The above suspension was centrifuged to isolate a
reversible thermal discoloration microcapsule pigment.
The average particle diémeter of the above |
microcapsule pigment was 2.5 pm, the complete decoloring

25 temperature was 55°C, and the complete coloring
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The pH of the above ink conposition was 6.90 and the surface tension was
41.0 mMNm 5 Preparation of Direct Liquid Witing Inplenment (see FIG 6)
The resulWOReEY1®S8 (whi ch had been all owed to stand at PE€DERR00EITEEOat ur e
after the m crocapsul e pignent had been col ored pink by cooling to -20C. or
| ower 10 beforehand) and a stirring body 9 (SUS-304 ferrite-based stainless
steel ball, dianeter of 3 nm were housed in a barrel 4 and a marking pen
body 3 [chisel type fiber pen body (porosity, about 53%] was attached, via
a hol der 5 tdmpdriatuireoniasparo°of ke bpi givént Aclaigéd Vesléhefrdmtted 15
thereto, whereby a direct liquid witing inplenent 1 (marking pen) was

obt ai ned. blue to lddlblileseofhAeoughna ehuabeeifecbmapesatibel s provided in

t he above barrel and the val ve nmechanismis conposed of a valve seat, a

val ve body praphratienabf2RevRirsiplehiThBranespescblieraboys Xgh¥subody so as
to be pressure-wel ded to the valve seat and has a structure where the val ve

i s opened kA AMriddsidibarce applied to the pen body at writing.
An SEBS resin was fitted to the rear part of the 25 above barrel as a

frictiogal menmbera7,ovEx2BIE PhEFRRAT A1 58818t REYRT SibdSud Newal _
Di scol orati on M crocapsul e Pignent 5A m crocapsul e pi gnent suspensi on which

| ncl uded 2 Jogisidik Lagr BRkadh8aoky” g xaRgcaBREoL LR BRVERd @

col or-nenory property and conpose
O A P R0 7 - RAI8l Blueof 83615ng
to -20°C or lower beforehand), 0.5 part of
hydroxyethylcellulose, 0.2 part of a comb-type polymer
10 dispersant [trade name: Solsparse 43000 manufactured by
Lubrizol Japan Ltd.], 1.0 part of an organic nitrogen
sulfur compound [trade name: Hokustar HP manufactured by
Hokko Chemical Industry Co., Ltd.], 0.5 part of polyvinyl
alcohol, 25.0 parts of glycerin, 0.02 part of a defoaming
15 agent, and 52.78 parts of water.

The pH of the above ink composition was 6.9 and the

surface tension was 41.0 mN/m.

Preparation of Inner-Wadding Type Writing Implement

20 An ink occlusion body prepared by céating a
polyester sliver with a synthetic resin film was
impregnated with the above ink composition. The
resulting body was housed in a barrel made of a
polypropylene resin and assembled in such a manner that

25 the body is connected with a resin processed pen body
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10 of 2, 2-bis(41-hydroxyphenyl)-hexafl uoropropane as the conponent (B)
50.0 parts of 4-benzyl oxyphenyl et hyl
obt ai ned.WORe0v%l978s8 suspensi on was centrifuged to isol aPETAPIOVET$I0D] e
di scol oration m crocapsul e pi gnent.
of the above m crocapsule pignment was 2.5 gm the conpl ete decol oring

tenperature was 60C, and the conplete coloring tenperature was -20C. The

t her nal

pi gnent changed col or from orange to col orl ess through a change in
t enper at ur ari 1eayarsdid1dn shiapeyVv ofs pbll §esrer Tl bairs meuatad on Atgcous | nk

Conmposition A reversible thernal

hydroxyethmhggé%g

nane: Sol sparse

10

15

20

25

3 manuf act ur
pen) was obtained.

An SEBS resin was fitted to the rear part of the
above barrel as a frictional member.

Using the resulting writing implement, a blue
letter (handwriting) was formed by writing on a sheet of
paper.

The above-described handwriting was blue at room
temperature (25°C), but the letter discolored aﬁd became
colorless when rubbed using the frictional member fitted
to the barrel. This state was kept under room
temperature. When the sheet of paper was cooled to -20°C
or less, the color was returned to original blue and the

discoloration behavior was reproduced repeatedly.

Example 8
Preparation of Reversible Thermal Discoloration
Microcapsule Pigment

A microcapsule pigment suspension which included a
reversible thermal discoloration composition having a
color-memory property and composed of 1.0 part of 2-
(butylamino) -8~ (dipentylamino) -4-methyl-spiro[5H-

[1]benzopyrano[2,3-glpyrimidine-5,1"' (3'H) -isobenzofuran] -
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caprate as the conponent (C) was

and

15The average particle dianeter

di scol orati on aqueous i nk conposition was
obt ai ned b¥rdnt part).df pNd Hadirellhe A5 capswhlsi Rbef FhetES therpitgent
(col ored orange by cooling to -20C or |ower beforehand), 0.5 part of

%gg,irgre%-%’&fd'(ﬁg %Wimagpqhwmeﬂits ReksRihgl t rade
ed by



Lubrizol Japan Ltd.], 1.0 part of an organic nitrogen 5 sul fur conpound
[trade nane: Hokusi de R-150 manufactured by Hokko Chem cal Industry Co.,
Ltd., a rwerumwaomss2- net hyl-4-isothiazolin-3-one and S5PCHIRR000/@B4100t hy1- 4-

i sot hi azolin-3-one], 0.5 part of polyvinyl alcohol, 25.0 parts of glycerin,
0.02 part of a defoam ng agent, and 10 52.78 parts of water. The pH
of the above ink conposition was 6.98 and the surface tension was 41.0

nmMY m Preparation of |nner-Wadding Type Witing | nplenent 15An ink

occl usi on I[Benepaspiahed domponanitngAd ,pal. pephetssbifver AW-RB-a synt hetic
resin filmwas inpregnated with the above ink conposition. The resulting
body was het3®dhexanehdr,neldigajdiphenonql $pooprresecEeli, a-bhd (assenbl ed in
such a manner that 20 the body is connected with a resin processed pen body

(artill ery nrldxyphepel ) chealfiesrepbrbbiae geushedcempbhentr @sy ,part of the
barrel. A cap was then fitted thereto, whereby an inner-waddi ng type

Wi ting i "RinITeL, of BRFEsN@fPaRbeay 1Ry phaadl e2hyr 8ABEatE0AsOthe
| nner - Waddi ng Type %i ting I npl ema?t Set Tge regul ti%g inside-filled

writingsi MAamRenNqcd Wast abddlidked rictional body nade of an SEES resin
were conbined to obtain an inner-wadding type witing inplenent set. 5Using

the resulting Wi gha0ah80Le8E8ben8oR’ #98€centrifuged to isolate a
reversible thermal discoloration microcapsule pigment.
The average particle diameter of the above
microcapsule pigment was.2.3 um, the complete decoloring
10 temperature was 58°C, and the complete coloring
temperature was -20°C. The pigment changed color from

pink to colorless through a change in temperature.

Preparation of Reversible Thermal Discoloration Aqueous
15 1Ink Composition
A reversible thermal discoloration aqueous ink
composition was obtained by mixing 10.0 parts of the
resulting microcapsule pigment (colored pink by cooling
to -20°C or lower beforehand), 0.5 part of
20 hydroxyethylcellulose, 0.2 part of a comb-type polymer
dispersant [trade name: Solsparse 43000 manufactured by
Lubrizol Japan Ltd.], 1.0 part of an organic nitrogen
sulfur compound [trade name: Hokuside R-150 manufactured
by Hokko Chemical Industry Co., Ltd.], 1.0 part of

25 polyvinyl alcohol, 20.0 parts of glycerin, 0.02 part of a
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letter (handwiting) was formed by witing on a sheet of paper.
above-descri bed handwiting was orange at roomtenperature (25C), but the
| etter di¥OaP©Or€MB5and becane 10 col orl ess when rubbed uBCHFP20pR058100Ct | onal

body. This state was kept under room tenperature.

The

When t he sheet of paper

was cooled to -20C or less, the color was returned to original orange and

t he di scol oration behavi or was reproduced repeatedly. 15 Conparative
Exanpl e 1 Preparation of Reversible Thernal

Di scol orati on Aqueous I nk

Conposi t i odefoneieysabkett handab7d28cpaotat obnwagerous i nk 20 conposition

was obtai ned by m xing 20.0 parts of the reversible thermnal
m crocapsul e pi gnenRé pHepfir etk | abdaxanjxle dorfpod Dt Bsh orasnge. 90/ agwbl i ng to
| ower beforehand), 0.5 part of hydroxyethylcellul ose, 1.0 part of

-20C or

an organi C thiel cog€aceultbisieanpayndi] oradgm25 name: Hokusi de R-150
manuf actured by Hokko Chemi cal [Industry Co., Ltd.], 0.5 part of polyvinyl

al cohol ,

5

10

15

20

25

25.0
Preparation of Direct Liquid Writing Implement (see FIG.
6)

The resulting ink 8 (which had been alloﬁed to
stand at room temperature after the microcapsule pigment
had been colored pink by cooling to -20°C or lower
beforehand) and a stirring body 9 (SUS-304 ferrite-based
stainless steel ball, diameter of.3 mm) were housed in a
barrel 4 and a marking pen body 3 [chisel type fiber pen
body (porosity, about 53%)] was attached, via a holder 5,
to the front part of the barrel. A cap 6 was then fitted
thereto, whereby a direct liquid writing implement 1
(marking pen) was obtained.

In this connection, a valve mechanism 10 is
provided in the above barrel and the valve mechanism is
composed of a valve seat, a valve body, and a metal
spring which presses the above valve body so as to be
pressure-welded to the valve seat and has a structure
where the valve is opened by a writing force applied to
the pen body at writing.

An SEBS resin was fitted to the rear part of the

above barrel as a frictional member 7.
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parts of glycerin, 0.02 part of a defoam ng agent, and 52.98 parts of

wat er . The pH of the above ink conposition was 6.50 and 5 the
surface tWADONOTRES 41 nNV m Preparation of |nner-\Waddi RGTIPIEIAFHiLQ0 ng
| mpl enent The resulting mcrocapsul e pi gnent was contained in the

same witing inplement as in Exanple 1 to obtain an 10 i nner-waddi ng type
writing inplenment (marking pen). Conparative Exanple 2 Preparation of
Reversi bl e Thernmal Discol oration Agueous | nk Conposition 15A reversible

t hermal di scol orati on agueous ink conposition was obtained by m xing 20.0
parts of the reversible thermal discoloration mcrocapsul e pignent prepared
i n Exanpl e gZa@leoroed pink by cooling to -20C or |ower beforehand), 0.5
part of hydroxyethylcellulose, 1.0 20 part of an organic nitrogen sul fur

conmpound [ tpraghd r3di®n HFKaehde s389 TRLrAGH UDedBY olfaikenChem cal I ndustry
Co., Ltd.], 0.5 part of polyvinyl alcohol, 25.0 parts of glycerin, 0.02

part of a gglQWapRALeHignah® 52. 98 parts of water. 25The pH of the above
i nk conposition was 6.40 and the surface tension was 40.5 mN' m

5 A microcapsule pigment suspension which included a
reversible thermal discoloration composition having a
color-memory property and composed of 3.0 parts of 1,3-
dimethyl-6-diethylaminofluorane as the component (A), 3.0
parts of 4,4'-(2-ethylhexane-1,1-diyl)diphenol, 5.0 parts

10 of 2,2-bis(4'-hydroxyphenyl)-hexafluoropropane as the
component (B), and 50.0 parts of 4-benzyloxyphenylethyl
caprate as the component (C) was obtained.

The above suspension was centrifuged to isolate a
reversible thermal discoloration microcapsule pigment.

, 15 The average particle diameter of the above
microcapsule pigment was 2.5 um, the complete decoloring
temperature was 60°C, and the complete coloring
temperature was -20°C. The pigment changed color from
orange to colorless through a change in temperature.

20
Preparation of Reversible Thermal Discoloration Aqueous
Ink Composition

A reversible thermal discoloration aqueous ink
composition was obtained by mixing 20.0 parts of the

25 resulting microcapsule pigment (colored orange by cooling
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Preparation of

| nner - \VWaddi ng Type Witing |Inplenment The resulting

m crocapsul e pi gnent was contained in 5 the sanme witing inplenent as in
Exanpl e 2VOc0@poz8sa an i nner-waddi ng type writing inpl eRERUPIAROHILVY pen) .
Conpar ati ve Exanple 3 Preparati on of Reversible Thermal Discoloration
Aqueous 10 I nk Conposition A reversi ble thermal discoloration
aqueous i nk conposition was obtained by m xing 25.0 parts of the reversible
t her mal
bl ack by ca@ iH2@°toor206wdb BefbsuRandpfooebapart &£5 part of

hydr oxyet hyl cel lul ose, 1.0 part of an organic nitrogen sulfur conpound
[trade nambydridyitiy1NS1TRndisact or.ed paytHeltka Gbab-tgbel palginey Co.

0.5 part of polyvinyl alcohol, 25.0 parts of glycerin, 0.02 part of

Ltd.],

a def oanm n@iagRMsan®NG t44428 nake!:S s3Q sphr@l 23000 manufa&kk@rBd B, the above

di scol oration mi crocapsul e pignent prepared in Exanple 3 (col ored

i nk conposition was 6.50 and the surface tension was 40.0 nWVm 25

Preparati of,y¥rilznelrapaddira . fyre W’bb&%goknﬁbegﬁﬁhnlc nitrogenihe
resul ting mcrocapsul e pignent was contained in the same witing inplenent

as in Examyf st @otipodnd GRralide hapddinag kY Be WhEoNgahiBheraRkal Mar ki ng

pen).

10

15

20

25

by Hokko Chemical Industry Co., Ltd., a mixture of 2-
methyl-4-isothiazolin-3-one and 5-chloro-2-methyl-4-
isothiazolin-3-one], 0.5 part of polyvinyl alcohol, 25.0
parts of glycerin, 0.02 part of a defoaming agent, and

52.78 parts of water.

The pH of the above ink composition was 6.98 and

the surface tension was 41.0 mN/m.

Preparation of Inner-Wadding Type Writing Implement

An ink occlusion body prepared by coating a
polyester sliver with a synthetic resin film was
impregnated with the above ink composition. The
resulting body was housed in a barrel made of a
polypropylene resin and assembled in such a manner that
the body is connected with a resin processed pen body
(artillery shell shape) of polyester fiber mounted on the
front part of the barrel. A cap was then fitted thereto,
whereby an inner-wadding type writing implement (marking
pen) was obtained.

Preparation of Inner-Wadding Type Writing Implement Set
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5 Conparative Exanple 4 Preparation of Reversible Thermal D scol oration
Agueous | nk Conposition A reversible thermal discol orati on aqueous
i Nk conpo¥ORIeMIoTRSS obt ai ned by m xing 25.0 parts of theCTOPIevexsiobl e
thermal discoloration mcrocapsul e pignment prepared in Exanple 4 (col ored
yel l ow by cooling to -20C or | ower beforehand), 0.5 part of

hydr oxyet hyl cel | ul ose, 1.0 part of an organic nitrogen sul fur conpound
[trade nane: Hokusi de NS manufactured by Hokko Chem cal I|ndustry 15 Co.,
Ltd.], 0.5 part ofhpokg¥iuby¥ingl Lnbdlle-25]1 Deqawtstdhgoimpbémant Oafi® part of

a defoam ng agent, and 47.98 parts of water. The pH of the above
i Nk conposirdctanyal af Z@iatdohhe butlamadkedbEi ah BEBS4BebifiNvare20
Preparation of Inner-Wadding Type Witing | npl enent The resulting

M cr ocapsul@mpli RNt @B ta@ht ahnednbR -LBadSARE tybk! Wik ti kBl ement as in
Exanple 4 to obtain an inner-wadding type witing inplenent (marking pen).
25 Conpar atji¥g eaplseed WO 20091107855PCT/ JP2009/ 054100 Preparati on of
Reversi bl e Thernmal Discol orati on Aqueous | nk Conposition

5 Using the resulting writing implement, an orange
letter (handwriting) was formed by writing on a sheet of
paper.

The above-described handwriting was orange at room
temperature (25°C), but the letter discolored and became
10 colorless when rubbed using the frictional body. This
state was kept under room temperature.' When the sheet of
paper was cooled to -20°C or less, the color was returned
to original orange and the discoloration behavior was
reproduced repeatedly.
15
Comparative Example 1
Preparation of Reversible Thermal Discoloration Aqueous
Ink Composition
A reversible thermal discoloration aqueous ink
20 composition was obtained by mixing 20.0 parts of the
reversible thermal discoloration microcapsule pigment
prepared in Example 1 (colored orange by cooling to -20°C
or lower beforehand), 0.5 part of hydroxyethylcellulose,
1.0 part of an organic nitrogen sulfur compound [trade

25 name: Hokuside R-150 manufactured by Hokko Chemical
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A reversi ble thermal discoloration aqueous ink conposition was obtained by
m xi ng 20.0 parts of the 5 reversible thernmal discoloration m crocapsul e
pi gnent pvepared7§sa Exanple 5 (col ored bl ue by cooling POTHRB®/@F1000wer
bef orehand), 0.5 part of hydroxyethylcellulose, 1.0 part of an organic
nitrogen sul fur conpound [trade nanme: Hokusi de R150 manufactured by Hokko
Chem cal Industry Co., 10 Ltd.], 0.5 part of polyvinyl alcohol, 25.0 parts
of glycerin, 0.02 part of a defoam ng agent, and 52.98 parts of water.

The pH of thelualteye Conk Cadpqsi Di.6Nnpazs 6f2pocantihkd alcbhesd ,t 26BsSDon was
40.5 mMNm 15 Preparation of |nner-Waddi ng Type Witing |Inplenent The

resul ting magtecaifs dllgcerdgn .\0as paeitt afnaddefobh@ngaagenti,t afg | npl enent
as in Exanple 5 to obtain an inner-wadding type witing inplenent (nmarking
pen). 20 CeopnasaphyresExEpaeed . Preparati on of Reversible Therna

Di scol orati on Aqueous | nk Conposition A reversible thernal

di scol orati on aqU@RHSPHNKF2Phe0HBETE! LRR ¥BRposi 81 B8R wRY &1 8ONgndS- 0 parts
of the reversible thernmal discoloration mcrocapsule pignment prepared in

Exampl e56 4@l Que¢a%el QWsBBnCRalsl A9 kR /m20C or |ower beforehand), 0.5 part
of hydroxyet hyl cel I ul ose,

Preparation of Inner-Wadding Type Writing Implement
The resulting microcapsule pigment was contained in

the same writing implement as in Example 1 to obtain an

10 inner-wadding type writing implement (marking pen).

Comparative Example 2
Preparation of Reversible Thermal Discoloration Agqueous
Ink Composition

15 A reversible thermal discoloration aqueous ink
composition was obtained by mixing 20.0 parts of the
reversible thermal discoloration microcapsule pigment
prepared in Example 2 (colored pink by cooling to -20°C or
lower beforehand), 0.5 part of hydroxyethylcellulose, 1.0

20 part of an organic nitrogen sulfur compound [trade name:
Hokuside 369 ménufactured by Hokko Chemical Industry Co.,
Ltd.], 0.5 part of polyvinyl alcohol, 25.0 parts of
glycerin, 0.02 part of a defoaming agent, and 52.98 parts
of water.

25 The pH of the above ink composition was 6.40 and
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1.0 part of an organic nitrogen sul fur conmpound [trade 5 nane: Hokustar HP
manuf act ured by Hokko Chem cal Industry Co., Ltd.], 0.5 part of polyvinyl
al cohol , W0.2009087858 of gl ycerin, 0.02 part of a defoam RGT/ABWA)S4a00d 47. 98

parts of water. The pH of the above ink conposition was 6. 20
and 10 the surface tension was 40.5 nm Preparation of |nner-Wdding Type
Witing I npl enent The resulting m crocapsul e pi gnent was contai ned

in the sane witing inplenent as in Exanple 6 to obtain an 15 inner-waddi ng
type witi Rgei BpkegBAt téABLhNGapesd.5GaNpar ati ve Exanpl e 7 Preparation of
Reversi bl e Thermal Discol oration Agueous | nk Conposition 20A reversible
thermal discol oration aqueous ink conposition was obtained by m xing 25.0
parts of the reversible thermal discoloration mcrocapsule pignment prepared

in Exanpl epfepaehes 86 Bkuenhgrf:ﬁaaamggt @ypeOffr 0t i hgWekpbehenehand), 0.5

part of hydroxyethylcellulose, 1.0 25 part of an organic nitrogen sul fur
conpound [trade ngRE: rodRKLBAG rmf@ré@ﬁ#&@f& Syt kK edteifad ddustry
Co., Ltd.], 0.5 part of polyvinyl alcohol .0 parts of glycerin, 0.02

part Of5a Qﬁ%oéﬁhegwégﬁﬂhg %ﬂﬂlé&eﬂ% parig ELaMBing to obtain an

inner-wadding type writing implement (marking pen).

Comparative Example 3
Preparation of Reversible Thermal Discoloration Aqueous
10 Ink Composition
A reversible thermal discoloration aqueous ink
composition was obtained by mixing 25.0 parts of the
reversible thermal discoloration microcapsule pigment
prepared in Example 3 (colored black by cooling to -20°C
15 or lower beforehand), 0.5 part of hydroxyethylcellulosé,
1.0 part of an organic nitrogen sulfur compound [trade
name: Hokuside NS manufactured by Hokko Chemical Industry
Co., Ltd.], 0.5 part of polyvinyl alcohol, 25.0 parts of
glycerin, 0.02 part of a defoaming agent, and 47.98 parts
20 of water.
The pH of the above ink composition was 6.50 and

the surface tension was 40.0 mN/m.

25 Preparation of Inner-Wadding Type Writing Implement
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5The pH of the above ink conposition was 6.20 and the surface tension was
40.5 nN'm Preparation of Inner-Wadding Type Witing I nplenment The

resul ti ngwei2e0900z85sul e pi gnent was contained in 10 the BaRdP2NY/054meP

inpl ement as in Exanple 7 to obtain an inner-wadding type witing inplenment
(mar ki ng pen). Conparative Exanple 8 Preparati on of Reversible Thermnal
Di scol oration Aqueous 15 |Ink Conposition . A reversible thernal

di scol orati on aqueous i nk conposition was obtained by m xing 10.0 parts of
the reversibl e thpfiaateshBehe il dscaparlae gpisyhen i wane ntorpraeipagdedin n
Exanple 8 (col ored pink by cooling to -20C or 20 | ower beforehand), 0.5

part of hydnexyghByweetitbosmpldménpass Dh BRamplenBctai dbbgenm snl fur
conpound [trade name: Hokusi de R-150 manufactured by Hokko Chem ca

| ndustry ConneklélalidiAgOtppet wei tPRyYVipYémaheolehrk2RgOpeayts of glycerin,
0.02 part of a defoam ng agent, and 67.48 parts 25 of water. The

pH of the above ink conposition was 6.10 and the surface tension was 40.5
m\/ m

5 Comparative Example 4
Preparation of Reversible Thermal Discoloration Aqueous
Ink Composition
A reversible thermal discoloration aqueous ink
composition was obtained by mixing 25.0 parts of the
10 reversible thermal discoloration microcapsule pigment
prepared in Example 4 (colored yellow by cooling to -20°C
or lower beforehand), 0.5 part of hydroxyethylcellulose,
1.0 part of an organic nitrogen sulfur compound [trade
name: Hokuside NS manufactured by Hokko Chemical Industry
15 Co., Ltd.], 0.5 part of polyvinyl alcohol, 25.0 parts of
glycerin, 0.02 part of a defoaming agent, and 47.98 parts
of water.
The pH of the above ink composition was 6.20 and
the surface tension was 40.5 mN/m.
20
Preparation of Inner-Wadding Type Writing Implement
The resulting microcapsule pigment was contained in
the samé writing implement as in Example 4 to obtain an
inner-wadding type writing implement (marking pen).

25 Comparative Example 5
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Preparation of Direct Liquid Type Witing |Inplenent 5The resulting

m crocapsul e pi gnent was contained in the sane witing inplenent as in
Exanpl e 8WOQO@HZESA a direct liquid witing inplenment (RETKHP2Y/pEm)0. Usi ng
the witing inplenent obtained in each of the above Exanpl es and
Conpar ative Exanples, the followng 10 test was conducted. Vibration Test
Using the witing inplenment obtained in each of Exanples 1 to 7 and
Conparative Exanples 1 to 7, a line 15 having a length of 20 an was witten
ten ti mes @xrdpamraltibas ofin Revelristible [Theefal DiscolokhtieapAwasolstted to
the witing inplenent used for witing and it was set on a shaker

[ reci pro- shakecompadghiagionr ed by Taitec Corporation] in an erecting state 20
(the witing front part was upward). After vibration was inparted at 284
rpmfor 5 hours iR Bevebbibak €heemhilOfisdolbPeti8Ni Aguaocti8nghk of 20 am
was witten ten tinmes as ten lines on a witing paper and the handwiting

was compar elnsf ciBA WARIMHEIRADKORE ihG beSh. pR5TRCokokhaw ng tabl e
shows the results of the WD 2009/ 107855PCT/JP2009/ 054100
5 reversible thermal discoloration microcapsule pigment
prepared in Example 5 (colored blue by cooling to -20°C or
lower beforehand), 0.5 part of hydroxyethylcellulose, 1.0
part of an organic nitrogen sulfur compound [trade name:
Hokuside R150 manufactured by Hokko Chemical Industry Co.,
10 Ltd.], 0.5 part of polyvinyl alcohol, 25.0 parts of
glycerin, 0.02 part of a defoaming agent, and 52.98 parts
of water.

The pH of the above ink composition was 6.20 and.

the surface tension was 40.5 mN/m.

15
Preparation of Inner-Wadding Type Writing Implement
The resulting microcapsule pigment was contained in
the same writing implement as in Example 5 to obtain an
inner-wadding type writing implement (marking pen).
20

Comparative Example 6
Preparation of Reversible Thermal Discoloration Aqueous
Ink Composition

A reversible thermal discoloration aqueous ink

25 composition was obtained by mixing 25.0 parts of the
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witing test. [Table 1] Conparative Exanple 1 NExanple 2 3 45 6 7 1

WO 2009/107855 PCT/JP2009/054100

reversible thermal discoloration microcapsule pigment
prepared in Example 6 (colored yellow by cooling to -20°C
or lower beforehand), 0.5 part of hydroxyethylcellulose,
1.0 part of an organic nitrogen sulfur compound [trade

5 name: Hokustar HP manufactured by Hokko Chemical Industry
Co., Ltd.], 0.5 part of polyvinyl alcohol, 25.0 pérts of
glycerin, 0.02 part of a defoaming agent, and 47.98 parts
of water.

The pH of the above ink composition was 6.20 and

10 the surface tension was 40.5 mN/m.

Preparation of Inner-Wadding Type Writing Implement
The resulting microcapsule pigment was contained in
the same writing implement as in Example 6 to obtain an

15 inner-wadding type writing implement (marking pen).

Comparative Example 7
Preparation of Reversible Thermal Discoloration Aqueous
Ink Composition

20 A reversible thermal discoloration aqueous ink
composition was obtained by miking 25.0 parts of the
reversible thermal discoloration microcapsule pigment
prepared in Example 7 (colored blue by cooling to -20°C or
lower beforehand), 0.5 part of hydroxyethylcellulose, 1.0

25 part of an organic nitrogen sulfur compound [trade name:

6’7
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WO 2009/107855 PCT/JP2009/054100

Hokustar HP manufactured by Hokko Chemical Industry Co.,
Ltd.], 0.5 part of polyvinyl alcohol, 25.0 parts of
glycerin, 0.02 part of a defoaming agent, and 52.98 parts
of water.

The pH of the above ink composition was 6.20 and

the surface tension was 40.5 mN/m.

Preparation of Inner-Wadding Type Writing Implement
The resulting microcapsule pigment was contained in
the same writing impiement as in Example 7 to obtain an

inner-wadding type writing implement (marking pen).

Comparative Example 8
Preparation of Reversible Thermal Discoloration Aqueous
Ink Composition

A reversible thermal discoloration aqueous ink
composition wés obtained by mixing 10.0 parts of the
reversible thermal discoloration microcapsule pigment
prepared in Example 8 (colored pink by cooling to -20°C or
lower beforehand), 0.5 part of hydroxyethylcellulose, 1.0
part of an organic nitrogen sulfur compound [trade name:
Hokuside R-150 manufactured by Hokko Chemical Industry
Co., Ltd.], 1.0 part of polyvinyl alcohol, 20.0 parts of
glycerin, 0.02 part of a defoaming agent, and 67.48 parts

of water.
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XXXXXXX The evaluation on the synbols in the table is as 5
follows: 0: faint and patchy parts are not observed on the handwiting as

conpar ed WD2hoo18eSEni ti al one and it has the sane col or PAEARAOYOSAHOt hat of
the initial one; X faint and patchy parts are observed at the start of 10
witing and the handwiting density is reduced as conpared with the initial
density. Aging Test

The pH of the above ink composition was 6.10 and

the surface tension was 40.5 mN/m.

Preparation of Direct Liquid Type Writing Implement
5 The resulting microcapsule pigment was contained in
the same writing implement as in Example 8 to obtain a
direct liquid writing implement (marking pen).
Using the writing implement obtained in each of the
above Examples and Comparative Examples, the following

10 test was conducted.

Vibration Test

Using the writing implement obtained in each of

Examples 1 to 7 and Comparative Examples 1 to 7, a line
15 having a length of 20 cm was written ten times as ten
lines on a writing paper.

Its cap was fitted to the writing implement used
for writing and it was set on a shaker [recipro-shaker
manufactured by Taitec Corporation] in an erecting state

20 (the writing front part was upward). After vibration was
imparted at 284 rpm for 5 hours in a vertical direction,
a line having a length of 20 cm was written ten timeé as
ten lines on a writing paper and the handwriting was
compared with the handwriting before the test.

25 The}following table shows the results of the
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Using each two witing inplements prepared in 15 Exanple 8 and Conparative
Exanple 8, a line having a length of 20 cmwas witten ten tines as ten

| i nes on WO IOTRIS paper with each witing inplenment. |PET/ERA0%E410I tted to
the witing inplenent used for witing and it was allowed to stand in an
erecting 20 state (the witing front part was upward) at 25C for 30 days
for one witing inplenment or at 50C for 30 days for another witing

i mpl ement. Thereafter, a line having a length of 20 cmwas witten ten
tines as teirildimgs testa witing paper and the handwiting was conpared with
the handwriting before the test. 5The followi ng table shows the results of
the witing test. [fdBbke1?] Exanple Conparative

Example Comparative Example

1 2 (3 4|5 |6 (7|1 2 | 34 |5]|6 |7

Vibration
O|lO0O]|O0O|lO0O|0O0O|O|0O]| X X X X X X X

test

The evaluation on the symbols in the table is as
5 follows:
O: faint and patchy parts are not observed on the
handwriting as compared with the initial one and it has
the same color density as that of the initial one;
X : faint and patchy parts are observed at the start of
10 writing and the handwriting density is reduced as

compared with the initial density.

Aging Test
Using each two writing implements prepared in
15 Example 8 and Comparative Example 8, a line having a
length of 20 cm was written ten times as ten lines on a
writing paper with each writing implement.
Its cap was fitted to the writing implement used
for writing and it was allowed to stand in an erecting
20 state (the writing front part was upward) at 25°C for 30

days for one writing implement or at 50°C for 30 days for
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Exanple 8 8 Aging test 25C, 30 days 0 x 50C, 30 days 0 x
The eval uation on the synbols in the table is as 10 foll ows:
WO 2009/107855 PCT/JP2009/054100

another writing implement. Thereafter, a line having a
length of 20 cm was written ten times as ten lines on a
writing paper and the handwriting was compared with the
handwriting before the test.

5 The following table shows the results of the

writing test.

[Table 2]
Comparative
Example
Example
8 8
25°C, 30 days O X
Aging test
50°C, 30 days O X

The evaluation on the symbols in the table is as
10 follows:
O: faint and patchy parts are not observed on the
handwriting as compared with the initial one and it has
the same color density as that of the initial one;
X : faint and patchy parts are observed at the start of
15 writing and the handwriting density is reduced as

compared with the initial density.

While the invention has been described in detail
and with reference to specific embodiments thereof, it
20 will be apparent to one skilled in the art that various

changes and modifications can be made therein without
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C):. faint and patchy parts are not observed on the handwiting as conpared
with the initial one and it has the sanme color density as that of the
initial OM@;200¢/10788Pnt and patchy parts are observed at PEBIJR004GS40 15
witing and the handwiting density is reduced as conpared with the initial

density. Whil e the invention has been described in detail and with
reference to specific enbodinents thereof, it 20 will be apparent to one
skilled in the art that various changes and nodifications can be nade

t herei n w tdepairtitgp@romghler epitrie apdr stopad theepeft her eof . Thi s

application is based on a Japanese patent application No. 2008-049303 filed

on February 29, 20A8s appliapépeficifabased bRl &Caipamed®. pOOPE 190422 fil ed
on 5 July 24, 2008, and the contents thereof are herein incorporated by

reference. dpplushitiian ARl Poaki-bubgodheilawehi eBLealrpr 29| dgoesr eversible
thermal _ 10 di scol orati on aqueous ink conposition which is capabl e of

suppr essi NGdgapatidisenipag«atd adpeReaitABnONoNaB8vBLE bba2at £ihedt b® wWhen a
writing inplenent containing the reversible thernmal discoloration agueous

i nk CONROSIfi1QN dgn Li®shabhel the 3Aten?ld tRarbbeUbRE! ertfhch does not 15
i ghten the color of handwiting with tine in an erecting state or does not

| i ghten th%ﬁ%@ﬁﬁbf@&e@ﬁ%gWEEEEQQnQEJthe application of vibration at

transportation at the'time when it is carried on in an erecting state,
as well as a witing inplenment using the sane and a witing inplenent 20
set.

Industrial Applicability
The invention can provide a reversible thermal_

10 discoloration aqueous ink composition which is capable of
suppressing the lightening and deepening of handwriting
at the time when a writing implement containing the
reversible thermal discoloration aqueous ink composition
in the barrel is used, and particularly, which does not

15 1lighten the color of handwriting with time in an erecting
state or does not lighten the color of handwriting by the
application of vibration at transportation or at the time
when it is carried on in an erecting state, as well as a
writing implement using the same and a writing implement

20 set. |
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CLAI M5

conposition conprising: 5Swater,

1. Areversible thermal discoloration agueous ink

m cr ocapM0eIpiigmsnt i ncl uding a reversible thernal di SEGT/dR2809/654100

conposi tion conpri sing:

organi ¢ 10 conpound, (B) an el ectron accepting conpound, and
(C a reaction medi um which determ nes a tenperature at which col or
reactions of the both conpounds occur, 15a polynmer floccul ant,

conb-type pol yner di spersant havi ng £ledMsoxyl

organi ¢ nitrogen sul fur conpound, and a water-sol uble resin.

10

15

20

25

1. A reversible thermal discoloration aqueous ink

composition comprising:

water,

a reversible thermal discoloration microcapsule
pigment including a reversible thermal discoloration
composition comprising:

(A) an electron donative coloring organic
compound,

(B) an electron accepting compound, and

(C) a reaction medium which determines a
temperature at which color reactions éf the both
compounds occur,

a polymer flocculant,

a comb-type polymer dispersant having a carboxyl
group at the side chain,'

an organic nitrogen sulfur compound, and

a water-soluble resin.

2. The reversible thermal discoloration aqueous
ink composition according to claim 1, wherein the organic
nitrogen sulfur compound is a compound selected from 2-
(4—thiazoyl)—benzimidézole, 2-(thiocyanatomethylthio) -

1,3-benzothiazole, 2-methyl-4-isothiazolin-3-one, and 5-
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group at the side chain,

(A) an electron donative col oring

a

a reversible thermal discol oration

an



20 2. The reversible thermal discoloration aqueous ink conposition
according to claim1l, wherein the organic nitrogen sulfur conpound is a
conpound WeOI28e¥1®@5Fr om 2- (4-thiazoyl)-benzi m dazol e, PCT/JP2009/054100

2- (t hi ocyanat onet hyl t hi 0) - 25 1, 3-benzot hi azol e,

2-met hyl - 4-i sot hi azol i n-3-one, and 5-

chl or o- 2- net hyl - 4-i sot hi azol i n- 3- one. 3. The reversible thernal

di scol orati on aqueous i nk conposition according to claim1l or 2, wherein

t he 5 nasschabro-2fmehbytedbisppbipebyim+3dosper sant havi ng a car boxyl
group at the side chain to the organic nitrogen sul fur conpound is from1:1
to 1:10. 4. The reversible thermal discoloration aqueous 10 ink
conposition according to claim 1, wherein the pH of the ink conposition
falls within the sangerRé Belérdible thermab.did€ol&yLtBbb| Sqlidsisal

di scol orati on aqueous i nk conposition according to claim4, which uses a

wat er - 15 §9kuebﬁp5§§tmoﬁobegbedhagths 2808 vherepn {herathotnéhe ink

conposition is from3 to 7. 6. The reversible thernal
d'SCO'05ath@esagueeusornkhgoeeasL #98 ﬁSQQﬁQk”&lEﬁeEEQhE1ﬁavﬂﬂérﬁln t he
wat er- 20 sol uble resin is polyvinyl al cohol 7. The reversible

thermal di 3G0HBLOY geoagusQU%hbnglggnBﬂéFalea PRECHHALEN; EOnLAbGLA. _Wherein

t he saponi I on degree o e polyvinyl alco Is from25 70%to

0
89% sulfur compound is from 1:1 to 1:10.

4. The reversible thermal discoloration aqueous
10 ink composition according to claim 1, wherein the pH of

the ink composition falls within the range of 3 to 7.

5. The reversible thermal discoloration aqueous
ink composition according to claim 4, which uses a water-
15 soluble resin soluble in the range wherein the pH of the

ink composition is from 3 to 7.

6. The reversible thermal discoloration aqueous
ink composition according to claim 5, wherein the water-

20 soluble resin is polyvinyl alcohol.

7. The reversible thermal discoloration aqueous
ink composition according to claim 6, wherein the
saponification degree of the polyvinyl alcohol is from

25 70% to 89%.
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WO 2009/ 107855PCT/ JP2009/ 054100 8. The reversi bl e thermal discoloration
aqueous i nk conposition according to any one of claims 5 to 7, which

cont ai ns Wheowavesssol ubl e resin in an anount of 0.3 toPGI/(DP/Zﬂw/OSHHJ@s 5

9. The reversible thermal discoloration aqueous ink conposition according
to any one of clainms 1 to 8 wherein the surface tension of the ink
conposition falls within the range of 25 to 45 nVm 10 10. A
writing inplenent equipped with a pen body containing the reversible

t hermal di scol or a8i on @heemesversd wlowpdhiermerl adierdilagatoonnyaqgueows
clainms 1 to 9 in a barrel and | eading out the ink conposition in the 15
barrel . ink cdripodiheioti hicegridiplgenent aayc ok ngft ccladimsn 30,tovhérein a
rear portion of the pen body cones into contact with an i nk occl usi on body

conposed ofyha dhi besntaihectthee QAtbodyoloblai nessim tilhe drar aebuatd déhe ink
occlusion body is inpregnated with the ink conposition. 12. The

writing inpl e@mgt 39080b¢ AgskQ claim 10 or 11, wherein the pen body is a
mar ki ng pen. 25
5
9. The reversible thermal discoloration aqueous
ink composition according to any one of claims 1 to 8,
wherein the surface tension of the ink composition falls
within the range of 25 to 45 mN/m.
10
10. A writing implement equipped with a pen body
containing the reversible thermal discoloration aqueous
ink composition according to any one of claims 1 to 9 in

a barrel and leading out the ink composition in the

15 barrel.

11. The writing implement according to claim 10,
wherein a rear portion of the pen body comes into contact
with an ink occlusion body composed of a fiber collective

20 body contained in the barrel and the ink occlusion body

is impregnated with the ink composition.

12. The writing implement according to claim 10 or
11, wherein the pen body is a marking pen.

25
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13. The witing inplenment according to any one of clains 10 to 12, which is
equi pped with a frictional nenber. 14. A witing inplenment set
conpri si YoOrh/ 74561 ng i npl ement according to any one OPCTEIRAMBOSIBOt o 12
and a frictional body.

13. The writing implement according to any one of
claims 10 to 12, which is equipped with a frictional

member.

5 14. A writing implement set comprising the writing

implement according to any one of claims 10 to 12 and a

frictional body.
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